Atmos. Chem. Phys., 12, 12538 2012 iy —* -

www.atmos-chem-phys.net/12/125/2012/ Atmospherlc
doi:10.5194/acp-12-125-2012 Chemls_try
© Author(s) 2012. CC Attribution 3.0 License. and Phys|cs

B

Chemical characterisation of atmospheric aerosols during a 2007
summer field campaign at Brasschaat, Belgium: sources and source
processes of biogenic secondary organic aerosol

Y. Gomez-Gonalezt, W. Wang?, R. Vermeylert, X. Chi2", J. Neirynck3, I. A. Janssen$, W. Maenhaut?, and
M. Claeyst

IDepartment of Pharmaceutical Sciences, University of Antwerp (Campus Drie Eiken), Antwerp, Belgium
2Department of Analytical Chemistry, Institute for Nuclear Sciences, Ghent University, Gent, Belgium
3Research Institute for Nature and Forest (INBO), Geraardsbergen, Belgium

4Department of Biology, University of Antwerp (Campus Drie Eiken), Antwerp, Belgium

“present address: Biogeochemistry Department, Max Planck Institute for Chemistry, Mainz, Germany

Correspondence tayl. Claeys (magda.claeys@ua.ac.be)

Received: 11 August 2011 — Published in Atmos. Chem. Phys. Discuss.: 19 August 2011
Revised: 1 December 2011 — Accepted: 14 December 2011 — Published: 2 January 2012

Abstract. Measurements of organic marker compoundstemperature were found for OC, water-soluble OC, MBTCA,
and inorganic species were performed on2Maerosols  and several other organic species. MBTCA and terebic acid
from a Belgian forest site that is severely impacted by ur-were highly correlated with the temperature>0.7) and
ban pollution (“De Inslag”, Brasschaat, Belgium) during showed an Arrhenius-type relationship, consistent with their
a 2007 summer period within the framework of the “For- formation through OH radical chemistry.

mation mechanisms, marker compounds, and source ap-
portionment for biogenic atmospheric aerosols (BIOSOL)”
project. The measured organic species included (i) low-
molecular weight (MW) dicarboxylic acids (LMW DCAS),

(i) Tethar;]esulf%na_te (MSA)_' (iil) terpenoic adc'lqs originat- o comprehensive chemical characterisation was carried out
ing from the oxidation okr-pinene, f-pinene,d-limonene PM, 5 aerosols collected at a Belgian forest site (“De

and A?—carene, and (iv) org'ano.sulfatt'as related to ;econdar){nslag,,' Brasschaat, Belgium) that is severely impacted by
organic aerosol from the oxidation of isoprene anpinene. - pollution within the frame of the “Formation mech-

i i 9 . )
The organic tracers explained, on average, 5.3% of the Oanisms, marker compounds, and source apportionment for

ganic carbon (OC), (?f which O.7%I¥vas due (th MSOA' 3.4% biogenic atmospheric aerosols (BIOSOL)” project. The ob-
to LMW DCAs, 0.6% to organosulfates, and 0.6 % to ter- 'gctives of this study were to determine sources, source pro-

1 Introduction

penoic acids.  The highest atmospheric concentrations o esses, time series, and diel variations of the organic species,

most species were observed durlng the first f|\{e days ot g explore the relationships between their concentrations
the campaign, which were characterised by maximum day-, 4 those of trace gasesgNO,, SOy, and CQ) or mete-
tlrzne temperaﬁj re§22°cl:(. ZA%St .Of tr:je tefpe”O'C aqu and_ orological parameters (temperature, relative humidity, wind
the organosulfates peaked during day-time, consistent W'ﬂépeed, and rain fall). Organic chemical characterisation of

their Ikc‘)clal ghottc))chemigal cl))riginlj Hi%h concentratiodnls of fine ambient aerosols has mainly been performed for forest
3-methyl-1,2,3-butanetricarboxylic acid (MBTCA) and low ;0o \yhich are little perturbed by urban emissions, such as
concentrations otis-pinonic acid were noted during the Hyytiala, Finland (e.g., Kourtchev et al., 2005, 2008a; Parsh-

first_five days of the campaign_, indicative of an aged bio_‘intsev etal., 2010), K-puszta, Hungary (e.g., lon et al., 2005
genic aerosol. Several correlations between organic SPECi8e, richev et al. 2009), and Silkeborg, Denmark (Kristensen
were very high £>0.85), high (0.%r<0.85), or substan- i ’ ’

ial ing that th dth and Glasius, 2011), but studies for vegetated areas in Eu-
tial (0.5<r <0.7), suggesting that they are generated t rougr}ope that are affected by urban pollution are rather limited

similar formation pathways. Substantial correlations with (e.g., Kourtchev et al., 2008b, 2011; Zhang et al., 2010)
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126 Y. Gbmez-Gonalez et al.: Sources and source processes of biogenic secondary organic aerosol

The measured organic species included (i) methanesulfonatg iy 0% 7
(MSA), (ii) low-molecular weight (MW) dicarboxylic acids /M/ o A m ,;/
(LMW DCAEs), (iii) terpenoic acids originating from the ox- 57 B | s 2
idation of a-pinene, B-pinene,d-limonene andAS-carene, 7 3\ -
and (iv) organosulfates related to secondary organic aeroso ,‘ (}r 3
(SOA) from the oxidation of isopreney-pinene, and un- & I SN s |
saturated fatty acids. These species were selected for var] R %7///

ious reasons that relate to their biogenic/anthropogenic ori-| -
gin, formation processes (gas-phase oxidation/heterogeneouf-
chemistry), long-range transport or local production. MSA | °
is a photo-oxidation product of dimethyldisulfide produced
by phytoplankton blooms (e.g., Saltzman et al., 1983) and
is believed to result from long-range transport of maritime
fine aerosol at our study site (Maenhaut et al., 2011). LMW
DCAs are among the most abundant organic constituent§ig. 1. Map of Antwerp, Belgium, and surroundings with the loca-
of atmospheric aerosols, originate from a multitude of an-tion of the Brasschaat sampling site indicated with a red asterisk.
thropogenic and natural sources, and result from both pri-
mary emissions and gas-to-particle conversion processes i i
(e.g., Rogge et al., 1993; Chebbi and Carlier, 1996; Fisseh4Ct 0f @-pinene (e.g., Hoffmann et al., 1998; Glasius et al.,
et al., 2004; Legrand et al., 2005). The terpenoic acids and999: Yu et al., 1999), and of MBTCA and other terpenoic
organosulfates reflect SOA processes involving local bio-2Cids:
genic emissions and rapid photochemical reactions (for a re-
view, see Hallquist _et al., 20(_)9). _ _ 2 Experimental

Special emphasis was given in this study to the mea-
surement of organosulfates and nitrooxy organosulfatesp 1 Description of the site and aerosol sampling
a new class of secondary organic aerosol (SOA) tracers
from the oxidation of isoprene, monoterpenes, and unsatThe Brasschaat sampling site (39 N, 4°35 E, 15 m a.s.l.)
urated fatty acids that have only been recently discovereds located in the north part of Belgium. The nearest big city
(Surratt et al., 2007a, 2008, 2010; linuma et al., 2007a,s Antwerp (with a population of 500000). The sampling
b; Gbmez-Gonalez et al., 2008) and have a mixed bio- site is located within the state forest “De Inslag”, a 78-yr old
genic/anthropogenic origin. More specifically, the forma- mixed pine-oak forest, in which the dominant speciesRire
tion of these compounds involves the participation of sulfuric nus sylvestrid.. and Quercus roburL. For a map with the
acid which is of anthropogenic origin. In addition, empha- location of the site, see Fig. 1. The site is at about 12 km
sis was given to the measurement of terpenoic acids, includnortheast of the city centre of Antwerp and about 9km to
ing species that have only been recently reported such as 3he east of the highly industrialised Antwerp harbour area;
methyl-1,2,3-butanetricarboxylic acid (MBTCA) (Szmigiel- there is a major highway (E19/A1) to the south and in the
ski et al., 2007), and terpenylic acid and related lactone-south-east direction, and the shortest distance between the
containing compounds (Claeys et al., 2009; linuma et al.,sampling site and the major highway is about 1.5 km. Hence,
2009; Yasmeen et al., 2010, 2011). MBTCA has been prodocal aerosols could be a mixture of anthropogenic emissions
posed as a higher-generation oxidation product-gpinene  from traffic, the city and harbour area of Antwerp, and bio-
formed by OH radical-initiated oxidation @fs-pinonic acid  genic emissions from the forest. A summer campaign was
(Szmigielski et al., 2007), which has been confirmed in a re-conducted from 5 June until 13 July 2007. A high-volume
cent laboratory study (Mler et al., 2011). In addition, a dichotomous sampler (HVDS) was set up on the first level
recent field study has revealed that MBTCA shows a strongof a tower at around 9 m above ground. Separate day-time
Arrhenius-type temperature dependence and serves as a suffrom about 07:15 to 20:15 local daylight saving time, UTC
able tracer for “aged” biogenic SOA (Zhang et al., 2010). +2) and night-time (from about 20:15 to 07:15) collections
Inspired by the latter study, we have examined in detail thewere made in two size fractions (fine2.5 pm aerodynamic
temperature dependence of the organic species that showatiameter (AD); coarse:>2.5um AD) and pre-fired dou-
a high correlation with temperature. On the other hand, terble (front and back) Pall Gelman quartz fibre filters were
penylic acid and related lactone-containing compounds wereised for each of the two size fractions. A total of 71 ac-
target analytes because they have been proposed as early okiral samples (34 day-time samples, 34 night-time samples,
dation products o&-pinene formed by OH radical chemistry and 3 24-h samples) and 10 field blanks were taken. All
(Claeys et al., 2009; Yasmeen et al., 2010, 2011). Hence, ifilters were subjected to analyses for organic carbon (OC)
was of interest to compare their time series with thosgi®sf  and elemental carbon (EC) by a thermal-optical transmission
pinonic acid, an established first-generation oxidation prod{TOT) technique (Birch and Cary, 1996; Chi, 2009). The fine
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Fig. 2. Time series for @ and selected meteorological data during the 2007 summer campaign in Brasschaat.

size fraction front and back filters were analysed for water-Teflon filter housings, which are covered with a rain shield.
soluble OC (WSOC) with a total organic carbon analyser,The Teflon tubings (external diameter 9.5 mm) are wrapped
as described by Viana et al. (2006) and Chi (2009), and fowith 47 mme-isolated housings and heated t¢G5using an
water-soluble inorganic and organic species (i.e., MSA ancelectric heating wire. Each inlet is sampled for 5 min before
LMW DCAs) by ion chromatography (IC), whereas the fine switching to the next inlet using a PLC controlled valve sys-
size fraction front filters were analysed for organosulfates,tem. An additional filter of 0.5 um is placed before the sam-
nitrooxy organosulfates, and terpenoic acids by liquid chro-ple inlet from the monitor. Readings of the first minute from
matography with negative ion electrospray ionisation massevery inlet are discarded as sample tubes need to be flushed.

spectrometry (LC/(-)ESI-MS). Figure 2 shows the time series fog@nd some meteoro-
logical parameters, i.e., temperature (measured 40 m above
2.2 Meteorological and trace gas measurements ground) and the amount of precipitation during the sampling

campaign. The time-resolution for the temperature apd O
Meteorological measurements were made on a tower; th&ata was 30 min; the precipitation data apply to the duration
data included vertical profiles of air temperature and hu-of the individual samples. During the first 10 sampling days
midity (HMP 230 dewpoint transmitter and PT100, Vaisala, of the campaign, there was less rain, higher temperatures,
Finland) at 2, 24, and 40m and wind speed (LISA cupand higher @ concentrations than during the remainder of
anemometer, Siggelkow GMBH, Germany) at 24, 32, andthe campaign. Hence, during the first 10 sampling days the
40 m. At the top of the tower, measurements were made ofevels of SOA were expected to be the highest. The wind
down-welling shortwave radiation (pyranometer, Kipp and speed was low during the whole campaign, at 40 m it ranged
Zonen CM6B, The Netherlands), and precipitation (NINA from 0.25 to 7.2m's! with an average value of 3.3m%
precipitation pulse transmitter, Siggelkow GMBH, Ger- The wind direction was mainly from the southwest, the direc-
many). All meteorological sensors were operated at 0.1 HZion of the city, and the North Sea, and was not significantly
and their data were stored as half hour means on a data loggéifferent between the first 10 sampling days characterised by
(Campbell CR1000, UK). higher temperatures and the remainder of the campaign.

Measurement of gaseous N@hemiluminescence, Eco-
physics 700 AL, Switzerland, detection limit 1 ppb), 8O 2.3 Analysis for water-soluble inorganic and organic
(pulsed fluorescence analyser TEI 43C, Thermo Environ- species by IC
mental Instruments, USA (detection limit: 1 ppb, precision:
1ppb)), CQ (IRGA, LI-800, LI-COR Inc., Lincoln, NE, A procedure reported in a recent previous study was fol-
USA), and Q (UV Photometric Analyser, model TEI 49C, lowed (Maenhaut et al., 2011). Briefly, a section of each
Thermo Environmental Instruments, USA (detection limit: PMy 5 quartz fibre filter (1.5cr) was placed in a 15 mL
1 ppb, precision: 0.5ppb)) were conducted at three inletgolystyrene tube; 5 mL Millipore Simplicity water was added
above the canopy (24, 32, and 40 m). From each inlet, air isand the tube was vigorously hand-shaken during 5 min, after
drawn through 54 m-long Teflon sampling tubes with a flow which it was allowed to stand for 30 min. The sample ex-
rate of 60 L mir® and led towards an air-conditioned instru- tract was then filtered through a PVDF syringe filter (pore
ment shelter. Prior to transport, air is filtered through 0.5 mmsize 0.2 um) and the filtrate was subjected to IC analysis. A
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128 Y. Gbmez-Gonalez et al.: Sources and source processes of biogenic secondary organic aerosol

Dionex DX-600 instrument with AG17 guard and AS17 ana- isomerica-pinene-related nitrooxy organosulfates with MW
lytical columns and with an ASRS Il autosuppressor operat-295 (five peaks) was achieved using a Hypersil Gold C18
ing in the external water mode was used for anionic species(Thermo Scientific, San Jose, USA) column and acetonitrile
and a Dionex ICS-2000 instrument with CG12A guard andas organic modifier. The elution gradient applied was exactly
CS12A analytical columns and with a CSRS Il autosuppresthe same as for the analyses performed with the T3 Atlantis
sor operating in the recycle mode for cationic species. Allcolumn.
columns had 2mm inner diameter. The Dionex DX-600 in- The LC/MS instrument consisted of a Surveyor Plus LC
strument was equipped with an EG40 eluent generator. Thgystem (pump and autosampler) and an LXQ linear ion trap
IC for anions was done with a 0.4-30 MM KOH gradient mass spectrometer (Thermo Scientific). Electrospray was
(0.45mLmirrY) and a duration of 30 min; for cations we used as ionisation technique in the negative ion mode. The
relied on a standard Dionex method, with 21.5 mM methane-operating conditions of the LXQ instrument were as follows:
sulfonic acid (isocratic) as eluent (0.25mLmf) and adu-  sheath gas flow (nitrogen), 50 arbitrary units (0.75 L i
ration of 13min. The sample loops used were 100 pL forauxiliary gas flow (nitrogen), 5 arbitrary units (1.5 L mif;
anions and 25 pL for cations. Additional details on the IC source voltage;-4.5 kV; capillary temperature, 35C; and
analyses can be found in Wang (2010). maximum ion injection time, 200 ms. The [M-HEignal op-
timisation was done by introducing a 50 pg mimalic acid
2.4 Analysis of organosulfates, nitrooxy organosulfates, standard solution.
and terpenoic acids by LC/(-)ESI-MS The quantification of the terpenoic acids and the polar
organosulfates (see also Results and discussion) was based
The PMy s samples were prepared as follows: a section (1/4)on an internal standard calibration procedure employing se-
of each front quartz fibre filter was cut and a methanolic pacic acid as internal recovery standard and pure reference
solution (10 L) of each of the two internal recovery stan- compounds, if available, or surrogate standards. The quan-
dards was added, i.e., sebacic acid (162 ng for both day- anffication of the nitrooxy organosulfates with MW 295 was
night-time filters) and decyl sodium sulfate (31 ng for the hased on an internal standard calibration procedure employ-
day-time filters and 310ng for the night-time filters). Af- ing sodium octanesulfate as surrogate standard and sodium
ter drying, the sample was extracted 3 times for 30 min in angecylsulfate as internal recovery standard. Extracted ion
ultrasonic bath with 20 mL of methanol. The extracts Were chromatography using specific ions was utilised to obtain
combined and concentrated in a rotary evaporator aC35 clear chromatographic peaks and derive the peak areas used
and 200 mbar to approximately 1 mL and filtered through aas jnput for the quantitative determinations. The concen-
Teflon filter (0.45 um), then evaporated to dryness under a niyations in the extracts of the actual samples were obtained
trogen stream and redissolved in 200 L of water. An aliquotyy relating the peak area (analyte/internal recovery standard)
of 4uL was used for LC/MS analysis. ratio data for the extracts to linear or quadratic calibration
The standards, surrogate standards, and internal recovefyes that were obtained with unweighted regression from the
standards were from the following supplieds-pinic acid:  calibration curve data. For performing the unweighted re-
Sigma-Aldrich (purity: >98 %); cis-pinonic acid: Sigma-  gressions and the calculations of the concentration, use was
Aldrich (purity >98 %); sebacic acid: Sigma-Aldrich (purity made of Excel, running under Microsoft Windows on PCs.
99%); ethanesulfonic acid: Acros Organics (purity 95 %); The day-to-day precision (RSD) was found to be better than
sodium octanesulfate: Merck (purity: HPLC grade); decyl 10 %:; the precision of the measurements accounting for im-
sodium sulfate: Acros Organics (HPLC grade). The fol- precision of sample flow control (Decesari et al., 2006) is
lowing standards were available from previous studies: 3-therefore estimated to be better than 20 %. Field blanks were
methyl-1,2,3-butanetricarboxylic acid (MBTCA) (Szmigiel- prepared and analysed in the same way as the samples; they

ski et al., 2007); terpenylic acid and diaterpenylic acid ac-proved to be free of the compounds of interest.
etate were prepared at the Leibniz Institute for Tropospheric

Research (Leipzig, Germany) (Claeys et al., 2009; linuma
et al., 2009) and were obtained through the courtesy of3 Results and discussion
Y. linuma.

The separation of the terpenoic acids was achieved using@.1 Measurement of terpenoic acids and organosulfates
a T3 Atlantis C18 (Waters) column, which contains trifunc-
tionally bonded &g alkyl chains and shows polar retention. Forest fine aerosol has a very complex composition of or-
The mobile phase consisted of acetic acid 0.1% (v/v) (A)ganic compounds, which have only been partially elucidated.
and methanol (B). The applied gradient elution program forSeveral field studies have been performed where terpenoic
the analyses performed was as follows: the concentration o&cids have been measured (for a review, see Hallquist et al.,
eluent B was kept at 3% for 2min, then increased to 90 %2009); however, the number of field studies where organosul-
in 18 min, kept at 90 % for 43 min, then decreased to 3 %fates and nitrooxy organosulfates have been measured is
in 5min and kept at 3% for 12 min. The separation of the rather limited (linuma et al., 2007b; Worton et al., 2011,
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Kr!stensen and Glasius, 201,1)' Table S1 lists the terpenOIGrable 1. Front filter median concentrations and interquartile ranges
acids, organosulfates, and nitrooxy organosulfates that ha\;gn ngm-3) of TC (=OC +EC), OC, EC, WSOC, low-MW dicar-
been considered in this study, as well as some additionahoxylic acids and selected inorganic species for the, BMize
compounds that were used as surrogate or internal recovefyaction of the HVDS samples. Also given are the medians and
standards. The terpenoic acids include SOA tracers formecthterquartile ranges for the back/front filter ratio of the various

from the photooxidation ak-pinene,3-pinene d-limonene, species.
A3-carene, and 1,4-cineole. Details about the structural char-

acterisation of terpenoic acids in fine forest aerosol have Species

Front filter conc. (ng™)

Back/front filter ratio

been previously reported (Szmigielski et al., 2007; Claeys
et al., 2009; Yasmeen et al.,, 2011). The organosulfates 0C
include the sulfate esters of the 2-methyltetrols, and their -~
mone anddinitrates (MWs 216, 261, and 306), of 2- and \ygoc
3-hydroxyglutaric acid (MW 228), and unknown organosul- np+
fates with MW 212 and 226. The nitrooxy organosul- S024—
fates include thex-pinene-related MW 295 compounds, NO%

2100 (1660—2800)
1730 (1270-2200)
400 (280-620)
810 (570-1170)
1080 (650-2100)
2700 (1840-3900)
650 (400-2200)

0.13 (0.12-0.16)
0.17 (0.15-0.20)
0.00 (0.00-0.00)
0.21 (0.18-0.25)
0.04 (0.00-0.07)
0.00 (0.00-0.00)
0.24 (0.15-0.34)

which occur as five isomers, consistent with the formation ¢- 40 (16-93) 0.26 (0.14-0.48)
of three positional isomers of which two have two enan- Na+ 108 (65—210) 0.01 (0.00-0.05)
tiomeric forms (Surratt et al., 2008). Details about the struc- ng2+ 2.7 (1.42-6.7) 0.00 (0.00-0.00)
tural characterisation of the isoprene-related organosulfatesk+ 38 (18.7-93) 0.04 (0.00-0.22)
and nitrooxy organosulfates (MW 216, 261, and 306), and Ca&* 27 (14.7-36) 0.00 (0.00-0.01)
thea-pinene-related organosulfates (MW 228) and nitrooxy MSA~ 79 (46-119) 0.03 (0.01-0.08)
organosulfates (MW 295) can be found ii@Gez-Gonalez oxalate 75 (50-140) 0.01 (0.01-0.01)
et al. (2008) and Surratt et al. (2008). The group of the malonate 49 (28-82) 0.02 (0.00-0.04)
organosulfates and nitrooxy organosulfates are of particu- succinate  11.0 (5.7-54) 0.02 (0.00-0.10)
4.7 (3.3-9.7) 0.26 (0.17-0.57)

lar interest because they have a mixed biogenic and anthro-9'utarate
pogenic origin due to the fact that their formation requires
sulfuric acid (Surratt et al., 2007a, 2008, 2010; linuma et al.,
2007a, b; ®Gmez-Gonalez et al., 2008), which is formed 3.2 Concentrations and time series of LMW DCAs and
by oxidation of SQ, a product of anthropogenic origin that selected ionic species
is present in polluted environments at high concentrations.
As expected for the Brasschaat site, the sulfate concentraFhe median concentrations and interquartile ranges for the
tions were high during the whole campaign, and had a mecarbonaceous components and the various ionic species mea-
dian concentration of 2700 ngTh (see Table 1 below). The sured, as derived from the BM front filters of the HVDS,
median S@ concentration was 1.30 ppb (range 0-29 ppb),are given in Table 1. No clear diel variations were observed
part of which may originate from the petrochemical indus- for MSA and the LMW DCAs. This behaviour could be ex-
try in the harbour of Antwerp or from the E19/A1 highway, pected for MSA which is believed to originate from long-
suburban traffic, and heating from contiguous buildings. range transport of maritime air (Maenhaut et al., 2011). The
Quantitative aspects, including the choice of the surrogatdack of clear diel variations for the LMW DCAs may be due
standard in the case a reference standard was not available the contribution from anthropogenic precursors, such as
and the choice of the internal recovery standard, are premonocyclic aromatics (e.g., Fisseha et al., 2004) and/or to
sented in Table S2. The surrogate standards were select@fjueous phase chemistry (e.g., Legrand et al., 2005). The
taking into account structural and functional similarities with time series for OC and four selected ionic species in the
the target compounds and aiming at a similar molar respons€Mzs front filters is shown in Fig. 3. There is a tendency
and retention times during LC/(-)ESI-MS analysis in order for all five components to exhibit higher concentrations dur-
to minimise the possible effect of the mobile phase composi4ing the first 10 sampling days (which were dry, warm, and
tion on the ionisation process. Selected LC/(-)ESI-MS chro-With high O3 concentrations) than in the remainder of the
matographic data obtained for real samples and calibratiogampaign. This tendency is especially clear for sulfate, am-
mixtures are illustrated in Figs. S1-S3. monium, and oxalate. The five components were well corre-
lated with each other. The correlation coefficient between
sulfate and ammonium was 0.95 and those between OC
and oxalate and malonate 0.79 and 0.75, respectively. OC
was also highly correlated with WSO £ 0.95), succinate
(r =0.83), and glutarate-(= 0.72). Itis evident from Table 1
that S(j‘, NHZ, and NG are the major inorganic species
at Brasschaat, with median concentrations of 27001 m
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130 Y. Gbmez-Gonalez et al.: Sources and source processes of biogenic secondary organic aerosol

Table 2. PMa 5 front filter median concentrations and interquartile ranges of terpenoic acids and organosulfates)ng m

Compound (MW) Overall{ =71) Day @ = 34) Night (z = 34)
median (interg. range) median (interg. range) median (interg. range)
MBTCA (204) 2.7 (1.33-5.0) 3.0(1.68-6.2) 2.2(1.10-4.1)

cis-pinonic acid (184)
cis-pinic acid (186)
terebic acid (158)
terpenylic acid (172)
unknown (188)

diaterpenylic acid acetate (232)

caronic acid (184)
caric acid (186)
ketolimononic acid (186)

1.79 (1.23-3.1)
0.49 (0.35-1.19)
1.87 (1.31-3.5)
2.4 (1.57-3.7)
2.1(0.90-3.8)
0.27 (0.13-0.64)
0.30 (0.19-0.47)
0.60 (0.31-1.50)
0.41 (0.27-0.57)
0.85 (0.45-1.69)

1.90 (1.46-3.3)
0.42 (0.31-0.98)
1.81 (1.42-3.9)

2.6 (1.77-5.0)
1.94 (0.83-3.9)

0.33 (0.17-1.04)

0.30 (0.18-0.55)
0.36 (0.24—(0.74)
0.51 (0.35-0.79)
0.62 (0.42-1.02)

1.88 (1.17-2.9)

0.59 (0.40-1.25)

1.95 (1.29-3.5)
2.3 (1.41-3.5)
2.1(1.38-3.9)
0.20 (0.10-0.43)

0.30 (0.19-0.47)
0.78 (0.47-2.5)
0.30 (0.21-0.43)
1.38 (0.68-2.2)

limonic acid (186)

homoterpenylic acid (186) 0.57 (0.39-0.88) 0.51 (0.37-0.83) 0.61 (0.39-0.97)

unknown OSsY 2 isomers] (212) 6.5 (3.5-11.3) 5.9 (3.5-12.1) 6.8 (3.7-11.3)
2-methyltetrol OSsY 2 isomers] (216) 6.4 (3.0-9.0) 6.4 (3.2-9.5) 6.4 (3.0-10.0)
unknown OS (226) 4.6 (2.0-6.2) 4.6 (2.5-6.3) 4.6 (1.81-6.1)
2- and 3-hydroxyglutaric acid OSs (228) 3.4 (1.67-9.4) 2.8(1.37-9.2) 4.4 (1.92-11.5)

2-methyltetrol mono-nitrate OS3[3 isomers] (261)
pinanediol mono-nitrate OS5 isomers] (295)
2-methyltetrol di-nitrate OSsY[ 4 isomers] (306)

0.76 (0.14-2.3)
1.51 (0.63-3.6)
6.6 (2.6-9.2)

1.05 (0.31-3.9)
0.66 (0.50-1.18)
8.4 (2.8-13.6)

0.58 (DL—1.94)
3.4 (1.75-6.0)
5.9 (2.6-8.1)

1080 ngnT3, and 650 ngm?, respectively. The data for riod (210 ng nT3) (Maenhaut et al., 2011) and the 2003 cam-
sof; and Nl-[f are intermediate between those from the cold paign at K-puszta (196 ngm) (Kourtchev et al., 2009). Our
and warm periods of the 2006 campaign at K-puszta (Maenmedian for Brasschaat is comparable with the mean value
hautetal., 2011), but the median for N@ larger than atK-  (95ng n3), which was obtained for weekly low-volume
puszta. The higher NDlevel is likely due to the impact from  Teflon filter samples that were collected in summer 2004 at a
automotive emissions from the nearby highway and to vari-rural site (Lannemezan) in France (Legrand et al., 2005).

ous anthropogenic emissions from the city of Antwerp and \When the samples are separated into two groups on the
the Antwerp harbour. Nitrate is a dominant component ofpasis of temperature, the median concentration of oxalate
fine PM in western and central Europe, but low ambient con-rises to 230 ngm? for the first 10 sampling days, while it
centrations are typical during summer (Schaap et al., 2004) s 59 ng n3 for the remainder of the campaign. The median
Consistent with the impact from maritime air is the high concentrations of malonate, succinate, and glutarate for the
median for MSA (79 ng m3), which is about 2.5-fold higher  full campaign are 49ngn¥, 11.0ngnt3, and 4.7 ng m3,
than that found at K-puszta during the 2006 campaign (meditespectively. The data for malonate and glutarate are com-
ans of 29 ng m? during the cold and warm periods) (Maen- parable with those at K-puszta (for malonate 33 ngrand
haut et al., 2011) and almost twice the median of 45n§m 65ngnT2 in the 2006 cold and warm periods and for glu-
during the 2007 summer campaign at H@di (Maenhaut tarate 7.1 ngm? and 7.8 ng m? in the 2006 cold period and
et al., 2011). It is noteworthy that the median at Brass-in the 2003 campaign) (Maenhaut et al., 2011). The medi-
chaat is even higher than the median of 47 ngmwhich ans for malonate and succinate at Brasschaat are comparable
was obtained for the pristine marine site of Amsterdam Is-to the means of 48 ngnf (malonate) and 20 ngn? (succi-
land (Claeys et al., 2010). The high value at Brasschaahate) observed at Lannemezan by Legrand et al. (2005). The
suggests that one or more of the following are occurring:time series of succinate was similar to that for oxalate (with
(1) the source regions of the MSA precursors (dimethyl-r = 0.97), but the medians for the first 10 days (97 ngfin
sulfide, dimethylsulfoxide, etc.) are nearer to the sam-and for the remainder of the campaign (8.4 ngfindiffer
pling site of Brasschaat than of Amsterdam Island, (2) themuch more than was the case for oxalate. Incidentally, also
source strengths of the precursor emissions were larger, (3Juring the 2006 campaign in K-puszta, there was a larger
the conversion to MSA was more efficient, and (4) less re-difference between the warm and cold periods for succinate
moval by wet deposition. The median concentration forthan for oxalate. The succinate median for the first 10 days
oxalate at Brasschaat is 75ng® which is nearly identi- at Brasschaat is comparable to the median of 142ngym
cal to the 73ngm? for the 2006 cold period at K-puszta, which was obtained for the warm period of the 2006 cam-
but much lower than the medians for the 2006 warm pe-paign at K-puszta. Thus, the concentrations of the LMW
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Fig. 3. Time series for OC and selected ionic species, as derived from the; gt filters of the HVDS, in the 2007 summer campaign at
Brasschaat.

DCAs, especially succinate, but also oxalate at Brasschadbrmed through photooxidation processes from locally emit-
were strongly affected by the local weather conditions, suchted biogenic volatile organic compounds. Only a few species,
as temperature ands@oncentration, and not by the wind i.e., cis-pinic acid, caric acid, limonic acid, and the-
speed and direction which were not significantly different pinene-related MW 295 nitrooxy organosulfates peaked dur-
between the first 10 sampling days and the remainder of théng night-time, which may be interpreted by dark ozonolysis,
campaign. High temperatures and highlévels can lead to enhanced gas-to-particle partitioning at the cooler night-time
enhanced emissions of biogenic precursors of the DCAs antemperatures or formation through night-time chemistry. For
to enhanced photo-oxidant formation of SOA (Legrand et al.,the ¢-pinene-related MW 295 nitrooxy organosulfates it has
2007). been demonstrated that they can be formed by photooxi-
Overall, MSA and the LMW DCAs corresponded on aver- dation in the presence of NCas well as by N@ radical-
age to 0.7 % and 3.4 % of the OC, respectively. Itis noted thainitiated oxidation, which is a specific night-time oxidation
the value for the LMW DCAs is substantially higher than that process (Surratt et al., 2008). An alternative explanation is
found for the sum of the terpenoic acids and the organosulthat their intermediate photooxidation products, the pinane-
fates, which contributed with 1.2 % to the OC (See Sectiondiol nitrates (Aschmann et al., 1998; Surratt et al., 2008), are
3.3). too volatile and need cooler night-time temperatures to par-
In a recent study, the IC data were used to estimate théition to the particle phase where they are subsequently sul-
aerosol acidity of the Pk samples collected during the fated. A possible explanation for the night-time prevalence
2007 Brasschaat campaign (Maenhaut et al., 2011). Thef the terpenoic acidssis-pinic, caric, and limonic acid, is
results showed that the acidic species were fairly well neu-dark ozonolysis otx-/g-pinene (Jaoui and Kamens, 2003;
tralised. It was therefore thought that MSA and the LMW Winterhalter et al., 2003; Presto et al., 2005§:carene, and
DCAs, which were measured in addition to sulfate, nitrate,d-limonene, respectively. Another factor that can contribute
and chloride by Maenhaut et al. (2011), were mainly presento the night-time prevalence of the terpenoic acaispinic,
in the salt form and not so much as free acids.jll\m’ayed a caric, and limonic acid, is enhanced gas-to-particle partition-
very important role in the neutralisation of the acidic species,ing at the cooler night-time temperatures. In this context, Ka-
as it accounted, on average, for 85 % of the summed catiomens and Jaoui (2001) demonstrated that eClibicrease in
equivalents in the sample set. ambient temperature results in a decrease of the SOA concen-
tration in thex-pinene/ozone system by as much as a factor
3.3 Concentrations and time series of terpenoic acids of two. Similar higher night-time concentrationsa$-pinic
and organosulfates acid were observed for a German coniferous forest site, i.e.,
the Thuringer Wald (Plewka et al., 2006), and at K-puszta,
The median concentrations and interquartile ranges of thequngary (Kourtchev et al., 2009). Furthermore, it is also
terpenoic acids and organosulfates, as derived from thgossible that the portion of the MW 295 nitrooxy organosul-
PMy s front filters of the HVDS, are given in Table 2. Fig- fates, cis-pinic, caric, and limonic acid, which is formed
ures 4 and 5 show time series for selected terpenoic acids arigl the morning, is not stable during day-time and is con-
organosulfates that peak during day-time or at night. Most ofverted to higher-generation oxidation products through OH
the analytes peaked during day-time, indicating that they are

www.atmos-chem-phys.net/12/125/2012/ Atmos. Chem. Phys., 12, 1P38-2012



132 Y. Gobmez-Gonalez et al.: Sources and source processes of biogenic secondary organic aerosol

1000

100 +

—&— cis-pinonic
——MBTCA
—— 188 compound

1000

100 +

WSOC/10
—=—terpenylic
—&— terebic
—0—‘ hqmoterpenylic

Conc. (ng/ma)
>

Fig. 4. Time series for (top)cis-pinonic acid, MBTCA, and the unknown MW 188 terpenoic acid; and (bottom) the lactone-containing
terpenoic acids, terpenylic acid, terebic acid, and homoterpenylic acid, as derived from sheffoht filters of the HVDS, for the 2007

summer campaign in Brasschaat. For comparison, the time series of WSOC, which is a proxy for SOA, is also presented, and for clarity it is
repeated in each of the graphs. Note that all terpenoic acids shown mainly peak during day-time during the first 10 sampling days.

radical-initiated reactions, while the portion that is formed at and the terpenoic acids showed the same average contribu-
night results from oxidation of monoterpene emissions thattion of 0.6 % to the OC; it has to be realised, however, that
occur later during day-time or at night; additional research todue to methodological shortcomings not all of the organosul-
test this hypothesis is warranted. fates could be measured (see Table S1) so that the true %

Overall, the sum of the terpenoic acids and organosulfate§Ontribution of the organosulfates to the OC may be higher.
corresponded, on average, to 1.2% of the organic carbo urthermore, surrogate standards were used for their quan-
(OC) with a maximum for the night of 20 June of 4.3 %; titation, which as discussed in a recent article by Kristensen

this was the night after one of the warmest days of the camand Glasius (2011), could also lead to an underestimation of

paign. The sum of the 12 terpenoic acids investigated rangef1€ir concentrations.

from 4ngm 3 to 129ngnT® and in total represented, on A possible reason for the rather low concentrations of
average, 0.6 % of the OC. MBTCA, the unknown MW 188 the terpenoic acids and the organosulfates, which each con-
terpenoic acid, andis-pinonic acid were the most abundant tributed, on average, with only 0.6 % to the OC, is that the
with average concentrations of 4.9ngf4.0ngnt3, and PM2 5 aerosol at Brasschaat was fairly well neutralised, as
2.8ngn13. The sum of the 7 organosulfates and nitrooxy was evident from the aerosol acidity that was estimated on
organosulfates analysed ranged from 2 ng @ 290 ng nm3 the basis of IC data (Maenhaut et al., 2011). In this context,
and represented, on average, 0.6 % of the OC, with a maxilaboratory studies suggests that biogenic SOA formation is
mum of 1.8 %. Itis worth pointing out that the organosulfates enhanced in the presence of acidic aerosols (Surratt et al.,
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Fig. 5. Time series for (top): the organic species that maximize at night, i.e., the MVi-23ene-related nitrooxy organosulfates, limonic

acid, andcis-pinic acid; and (bottom) the 2-methyltetrol (MW 216) and the unknown MW 212 organosulfates, as derived frompthe PM
front filters of the HVDS, for the 2007 summer campaign in Brasschaat. For comparison, the time series of WSOC, which is a proxy for
SOA, is also presented, and for clarity it is repeated in each of the graphs. Note thatittene-related nitrooxy organosulfates (MW 295),
limonic acid, anctis-pinic acid mainly peak during night-time, while the MW 216 and 212 organosulfates mainly peak during day-time.

2007b; Offenberg et al., 2009) and acid-catalysed particlefollow each other; this could suggest that the unknown MW
phase reactions are important for organosulfate species th88 terpenoic acid, tentatively assigned to a hydroxynorpinic
form (e.g., @mez-Gonalez et al., 2008; Surratt et al., 2008, acid (Yasmeen et al., 2011), is as MBTCA a further OH
2010). radical-initiated reaction product afis-pinonic acid and a

Figures 4 and 5 show time series for selected species angigher-generation photooxidation producteopinene. Ex-
WSOC, which can be regarded as a proxy for SOA, through-CepF fo_r thg fII’St. days of the campaign, the concentrations
out the 2007 campaign at Brasschaat. Of the organic specig¥f Cis-pinonic acid were comparable with those of MBTCA
shown in Fig. 4, MBTCA and terebic, terpenylic, and the (@nd the unknown MW 188 terpenoic acid), which reflects
unknown MW 188 terpenoic acids exhibited the highest con-that the biogenic fine aerosol is relatlv_ely fresh or nqn-aged.
centrations during the first days of the campaign that werd! can be seen for the lactone-containing terpenylic, tere-
characterised by high maximum temperatures 22 °C), bic, and homoterpenylic acids (Fig. 4 — bottom), that the_y
while cis-pinonic acid showed the lowest concentrations, closely follow each other and the WSOC. Furthermore, it
a result consistent with the formation of MBTCA through @ppears that the lactone-containing terpenoic acids are quite
further OH radical-initiated oxidation o€is-pinonic acid ~ Stable during the first days of the campaign that were char-
(Szmigielski et al., 2007). It can be seen that MBTCA and acterised by the highest day-time temperatures. The time se-
the unknown MW 188 terpenoic acid (Fig. 4 — top) closely "€S for organic species that maximise at night, i.e., the MW
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295 o-pinene-related nitrooxy organosulfates, limonic acid, The correlations between the fine front filter data and
and cis-pinic acid, and for WSOC, is presented in Fig. 5 the data for several meteorological parameters and inorganic
(top). The most pronounced diel variations were observedrace gases were also examined by principal component anal-
for the MW 295 «-pinene-related nitrooxy organosulfates, ysis (PCA) with Varimax rotation. The purpose of per-
but the diel differences for the first days of the campaignforming PCA on a multivariate data set is to transform the
that were characterised by the highest day-time temperaturamany intercorrelated variables into a more limited set of in-
were less clear. A possible explanation for this behaviourdependent, uncorrelated variables (Harman, 1976), which are
during these first days is that their precursors, the pinaneealled components. When doing a PCA on a data set of
diol nitrates (Surratt et al., 2008), were not stable during day-atmospheric aerosol characteristics and associated meteoro-
time and could thus not partition to the particle phase duringlogical parameters, the resulting components may represent
night-time where they are subsequently sulfated. It is worthsources or source processes, and often enable one to iden-
mentioning that the night-time prevalence of the MW 295 tify the main sources of the atmospheric aerosol. The load-
a-pinene-related nitrooxy organosulfates was first reportedngs for the 8-component solution are given in Table S4. TC
by linuma et al. (2009) for Pl aerosol samples collected (with TC = OC + EC), OC, WSOC, malonate, succinate, and
from the Fichtelgebirge mountain range in northern Bavaria,11 of the 19 LC/MS compounds are very highly@.85) or
Germany. Furthermore, it can be seen in the bottom graplhighly (0.7<r <0.85) loaded on the first component, whereas
of Fig. 5 that the highest concentrations of the 2-methyltetroloxalate, glutarate, ammonium, sulfate, three other LC/MS
(MW 216) and the unknown MW 212 organosulfates were species, and the temperature show substantiak(0®.7)
observed during the first warm days of the campaign, andoadings on this component. This first component represents
that they follow quite closely the WSOC. organic aerosol and specific organic compounds, whose for-
mation is driven by the temperatur€&is-pinic, cis-pinonic,
3.4 Correlations between species and between species  and caronic acids are very highly loaded on the second com-
and meteorological and trace gas data ponent, and four other LC/MS species, exhibit substantial
] ) ) ] loadings on this component. The MW 295 OSs exhibit a
All concentration Qata available for the fine fr_ont filters of. loading of 0.46 on the second component, but a higher one
the Brasschaat High-Vol samples were combined and pairgj o - of 0.56) on component 4. Caric acid is also substan-
wise correlations between the various species and also b,y |0aded on this component 4, but more interesting, are
tween the species and data for several meteorological pane high positive loading of the RH and the high negative
ra_lr_neters and inorganic trace gases were calculateq. In aqc')adings of the amount of sunshine and th\parameter,
dition, a day-night (DN) parameter was included; this was \hich is thus consistent with the night-time formation of the
set equal to 1 for the day-time samples and equal to 0 fof\y 295 OSs. The fourth component seems thus to indi-
the night-time samples. .The.correlatlons obtained between ;o night-time formation processes. Component 5, which is
OC, WSOC, the terpenoic acids, the 0rganosu|_fate$_0fh, very highly or highly loaded with Cl, Na, Mg, and MSA, is
ozone, and Cg and the DN parameter, are given in Ta-  cjearly a marine component, whereas component 6, with its

ble S3. Several correlations were very high-0.85) or  |5dings for EC, NO, and N§) represents fossil fuel com-
high (0.7<r <0.85) or substantial (05-<0.7). For exam- ) stion sources, including diesel traffic.

ple, MBTCA was very highly correlated with OC, WSOC,

terebic acid, terpenylic acid, the unknown MW 188 ter- 3 5 Temperature dependence of selected organic species
penoic acid, diaterpenylic acid acetate, and homoterpenylic

ac_:id, and very highly or highly with the organosulfates (OSs) |, 5 recent study by Zhang et al. (2010) the temperature
with MW 212, 216, 226, 228, 261, and 306 (thus all OSs yenendence of MBTCA was examined in detail for aerosol
with the exception of the MW 295 OSs). As to the corre- gympjes collected weekly during a whole year in Mainz, Ger-
lations forcis-pinic acid, very high, high or substantial cor- many. MBTCA was found to show a strong Arrhenius-type
relations were only noted witbis-pinonic (- =0.78), tere- o 1ationship with temperature, consistent with its formation
bic (- = 0.60), terpenylic £ = 0.68), caronic = 0.73), k&= {hrough OH radical-initiated reactions and indicating that it
tolimononic ¢ = 0.61), limonic ¢ = 0.60), homoterpenylic s 5 yseful tracer for aged biogenic SOA. Model calcula-
(r=0.77), and caric acidr(=0.81). For the MW 295 ni-  yjong syggested that the temperature dependence observed
trooxy organosulfates correlations were only found between,. MBTCA can be explained by enhanced photochemical
its five isomers and with limonic and caric acid. The corre- production due to an increase of the OH radical concentra-
lations between the various species and the meteorologicglyy, with increasing temperature. It is worth noting in our
parameters and trace gases were at most substantial. For &fudy that high correlations with the temperature-Q.7)
ample, substantial to high correlations with temperature Wergyore found for MBTCA. terebic acid terpenylic acid. di-
found for OC, WSOC, MBTCA, and several other organic yerpenyiic acid acetate, and ketolimononic acid (Table S3).
species (the exceptions wetis-pinonic, cis-pinic, caronic,  |nterestingly, the best correlation with the temperature was
limonic, and caric acid, and the MW 295 OSs). found for terebic acid{(= 0.74), which is consistent with
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Fig. 6. Arrhenius-type temperature dependencies observed-finene oxidation products: mass concentrations of 3-MBTCA and terebic
acid in PMp 5 plotted against inverse absolute temperature. The data points represent individual day-time samples (N = 34) and the full
lines are exponential fits. The corresponding Arrhenius parameters for MBTCA are: A (pre-exponential facb@d)@‘-‘?r(g m3 and
Ea=260+30kJ mol1; those for terebic acid aré:=2.0x103*ng m~3 and E5 = 18924 kJ mot 1.

its proposed formation through further OH radical-initiated samples and over a whole year] but follow the same trend
reactions (ageing) of terpenylic acid (Yasmeen et al., 2010)jn that the E; value for MBTCA is more than twice larger
which itself is a photooxidation product afpinene (Claeys than that forcis-pinonic acid. Forcis-pinic acid, there was a

et al., 2009). The high correlations with temperature foundlarge difference between thg, values derived from our day-
for terpenylic acid and the related diaterpenylic acid acetatdime samples only and from all samples; thgvalues were
support their proposed formation pathway involving OH rad- 210+30 and 106:27 kJ mot™L, respectively (withR? of 0.58

ical chemistry (Claeys et al., 2009). The temperature depenand 0.19, respectively). The smaller of our tg values
dence was examined for several organic species that showes in reasonable agreement with thg values of Zhang et

a high correlation with temperature; the day-time correla-al. (2010) forcis-pinic acid.

tions of MBTCA and terebic acid are presented in Fig. 6.

For both MBTCA and terebic acid high day-time corre-

lations were obtained, in contrast tis-pinonic acid (not 4 Conclusions

shown; R2=0.27); the activation energie€4) calculated

from the day-time sample®V(= 34) were 266-30, 189+24, Based on the results of this study it is clear that temper-
and 118-35kJ mol 1, for MBTCA, terebic, ancis-pinonic ature was a driver in the formation of selected biogenic
acid, respectively. When including all sampl@s£ 71), the ~ SOA tracers and that it also correlated with the OC as a
E, values were 23830, 149+17, and 88-23 kJ mot1, for whole, despite the fact that, on average, only 5.3% of the
MBTCA, terebic, andtis-pinonic acid, respectively, witk2 ~ OC could be assigned on the molecular level. This may
of 0.53, 0.53, and 0.18, respectively. A highgrvalue im- ~ suggest that temperature also plays a role in the formation
plies a larger relative increase in reaction rates with temperof non-biogenic organic species, which remain uncharac-
ature, and thus a higher temperature sensitivity (e.g., Box terised and which are possibly derived from anthropogenic
in Davidson and Janssens, 2006). The much laievalue volatile organic compound precursors at our highly indus-
for cis-pinonic acid than for MBTCA should be interpreted trialised urban site. An Arrhenius-type temperature de-
as MBTCA concentrations exhibiting a much larger relative pendence was found for several organic species including
increase with temperature compared to concentratioosof MBTCA, pinic acid, and terebic acid, consistent with their
pinonic acid. For a more detailed discussion on the meaningormation through OH-initiated oxidation reactions. More
of the Arrhenius parametet,, see the supplement. Ofii research is warranted on the temperature dependence of the
values for MBTCA anctis-pinonic acid (obtained for sum- terpenoic acids to determine whether Arrhenius parameters
mer PMb s samples) are higher (by about a factor 2) than thesuch as the activation energy can provide useful information
values reported in the study by Zhang et al. (2010) [obtained®n biogenic SOA ageing. It is also evident that the terpenoic

for weekly fine, coarse, and TSP (total suspended particlesjcids and the organosulfates only explain a small portion of
the organic carbon at the study site (each on average 0.6 %);
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nevertheless, they allow one to obtain detailed insights into Aerosol Studies in Europe and Tropical/equatorial and Oceanic
biogenic SOA formation processes. For example, during Regions, PhD thesis, Ghent University, ISBN:978-90-5989-328-
the first days of the campaign, which were characterised by 3. 440pp., 2009.

day-time temperatures22°C, the highest concentrations of Claeys, M., linuma, Y., Szmigielski, R., Surratt, J. D., Blockhuys,
MBTCA and the lowest ones for pinonic acid were mea- F- Van Alsenoy, C., Bge, O., Sierau, B., @nez-Gonalez, Y.,
sured, consistent with pinonic acid serving as a gas-phase \H/errg:?’r's%ni"Hvag;(;][e\(gkfnh P-ér?dhl?/lggei(ﬂ;u,\tﬂ.\’lvc'h'lirlb Qn;\/lch
’E)hrgcl;jr:igtr)\]:\(/)r: RA/I\?\;I— i’;‘ 8 ﬁgr%tgglzAr(;t,e:gr?g;ﬁ/(glr;/d{:\ggig:; dtrt]gta acid and related compounds from the oxidatiowgfinene: Im-

o - ; plications for new particle formation and growth above forest,
hydroxynorpinic acid, also reached the highest concentra- Egpyiron. Sci. Technol., 43, 6976-6982, 2009.

tions during the first warm days of the campaign, S'Jgges'[ingi:laeys, M., Wang, W., Vermeylen, R., Kourtchey, I., Chi, X., Yas-
that it is as MBTCA a useful tracer for SOA formed through  meen, F., Surratt, J. D., @nez-Gonalez, Y., Sciare, J., and
OH-initiated oxidation reactions. Based on their diel be- Maenhaut, W.: Chemical characterisation of marine aerosol at
haviours the organic species can be divided in three distinct Amsterdam Island during the austral summer of 2006-2007, J.
groups: a first group (comprising MSA and the LMW DCAs)  Aerosol Sci., 41, 13-22, 2010.

that did not reveal clear diel variations which could be dueDavidson, E. A. and Janssens, I. A.: Temperature sensitivity of soil
to different reasons (i.e., formation from biogenic emissions carbon decomposition and feedbacks to climate change, Nature,

. . 440, 165-173, 2006.
over a relatively long time scale (aged products) or from Decesari, S., Fuzzi, S., Facchini, M. C., Mircea, M., Emblico, L.,

anthropogenic precursors, or long-range transport), & Sec- . i £’ \aenhaut, W., Chi, X., Schkolnik, G., Falkovich,
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