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Abstract. In the present study, we examined Picon- are manifold, including both anthropogenic and natural emis-
tinental rural background aerosols, which were collectedsions. On the basis of the high concentrations found for the
during a summer field campaign at K-puszta, Hungaryisoprene oxidation products during day-time, it can be con-
(4 June—10 July 2003), a mixed coniferous/deciduous for-cluded that rapid photo-oxidation of isoprene is an important
est site characterized by intense solar radiation during sumatmospheric chemistry process that contributes to secondary
mer. Emphasis was placed on polar oxygenated organiorganic aerosol (SOA) formation at K-puszta during summer.
compounds that provide information on aerosol sources and
source processes. The major components detected at signif-
icant atmospheric concentrations were: (a) photo-oxidation
products of isoprene including the 2-methyltetrols (2- 1

methylthreitol and 2-methylerythritol) and 2-methylglyceric The fi lat K H has b idel q
acid, (b) levoglucosan, a marker for biomass burning, (c) e fine aerosol at K-puszta, Hungary, has been widely stud-

malic acid, an intermediate in the oxidation of unsaturated'©d during recent years because it contains a large fraction

fatty acids, and (d) the sugar alcohols, arabitol and man_ofwater-s;oluble organic compounds (WSOC). Characteriza-

nitol, markers for fungal spores. Diel patterns with high- t'r?n of Lhe Iattir C%TPOUP?]S is of C|I|matIC rele\llange su:jce
est concentrations during day-time were observed for the othey enhance the ability of the aerosol to act as cloud conden-

methyltetrols, which can be regarded as supporting evidencgation nuclei (Novakov and Penner, 1993) and may as suph
for their fast photochemical formation from locally emitted affect cloud processes eg. Shulman etal., 1996; Facgh|n|
isoprene. In addition, a diel pattern with highest concentra-Et al_., 199_9; Kiss et al, 2095)' With regard to t_he studies
tions during day-time was observed for the fungal markers,Oleallng with the K-puszta fine a_ero_sol, emph_a_5|s has b_een
suggesting that the release of fungal fragments that are ass{)qrmerly placed on_the characterization and origin of humic-
ciated with the PM5 aerosol is enhanced during that time. ke sub;tances which reprgsenta large fraction qf the WSOC
Furthermore, a diel pattern was also found for Ievoglucosar‘zappon_ etal., 1999; Gelgneset al., 2000; Gelenesetal.,

with the highest concentrations at night when wood burn—2002; Kiss et al., 2002; Kiss et al., 2003). o

ing may take place in the settlements around the sampling In the present study we focus on the characterization of

site. In contrast, malic acid did not show day/night differ- small polar organic molecules that are marker molecules for
ences but was found to follow quite closely the particulate 2€70S0l sources and source processes and can be measured

and organic carbon mass. This is interpreted as an indicatSind 9as chromatography/mass spectrometry (GC/MS) after
tion that malic acid is formed in photochemical reactions SUitable sample preparation. The sample workup consisted of
which have a much longer overall time-scale than that ofextraction with methanol and trimethylsilylation which con-

isoprene photo-oxidation, and the sources of its precursor¥€'ts hydroxyl and carboxylic acid groups into trimethylsi-
lyl ether and ester derivatives, respectively. A summer field

Correspondence tavl. Claeys campaign was conducted at K-puszta with a main objec-
(magda.claeys@ua.ac.be) tive to characterize rural biogenic aerosol. Emphasis was
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0 OH Double Pallflex quartz fibre filters (of 102 mm diameter),
HO\MOH o MOH HO\MOH which had been prebaked for 24 h at 560to remove or-
OH Y ! onl ganic contaminants, were used to collect each of the two size
fractions. In parallel with the Hi-Vol sampler a Gent PM10

! : 4 stacked filter unit (SFU) sampler was operated (Maenhaut et

on o al., 1994). In this sampler a Pall Teflo filter was used for col-
: M o on particles. Separate day-time and night-time samples were

H collected with both samplers until 2 July. From this day on,
6 7 8 24-h samples were collected. The day-time samples were

taken from 07:00 to 18:30 local time, the night-time samples

lection of the fine £2 um AD) size fraction and a Nuclepore
polycarbonate filter for collecting the coarse (2+d AD)
Fig. 1. Chemical structures of the major polar organic marker com-from 19:00 to 06:30 the next day; for the 24-h samples col-

Om

pounds characterized in the K-puszta 4vaerosol. _ lections were done from 07:00 to 06:30 the next day. A total
(1) 2-methylglyceric acid,2) malic acid, 8) 2-methylthreitol, ~ of 63 samples were collected. The loaded filters from both
(4) 2-methylerythritol, 6) levoglucosan,®) arabitol and 8) manni- samplers were stored in the dark in a freezer 26°C until

tol. analysis.

placed on the recently discovered photo-oxidation product£-2 Meteorological data and ozone
of isoprene, i.e., the 2-methyltetrols (2-methylthreitol and 2- . ) ,
methylerythritol) (Claeys et al., 2004a) and 2-methylglyceric Stand_ard r_neteorolqgmal d?ta_ (i.e., temperature, wind speed
acid (Claeys et al., 2004b). This paper describes our ef&nd direction, relative humidity (RH), and amount of pre-

forts to determine the sources and diel variations of the parCiPitation) and ozone concentrations were measured by the

ticulate mass (PM), organic carbon (OC), WSOC isopreneHungarian Meteorological Service with 1-h time resolution.
oxidation products, malic acid, levoglucosan, and arabitol€an values of the day-time and night-time averaged and

and mannitol (Fig. 1), during summer when the emissionsMaximum data for the period 4 June through 1 July, dur-

of biogenic volatile organic compounds and the intensity of "9 Which separate day and night samples were collected,
solar radiation are known to be at their maximum and the2® 9iven in Table 1. For precipitation, total data for day-

forest ecosystem also shows an increased biological activitfi™me and night-time of that period are reported. Overall, the

involving the emission of primary biological particles such campaign can be characterized by stable meteorological con-

as fungal spores and plant pollen. This integrated approacﬂit_ions' The weather was esp_ecially warm and dry. Notable
may provide novel insights into photochemical and biolog- '@infall was only observed during the nights of 9, 15, 16, 28,
ical processes that contribute to the fine organic aerosol a@nd 29 June and 3 July (more than 80 mm in each case).

K-puszta. . .
2.3 Analysis of aerosol samples for the particulate mass

and for organic, elemental and water-soluble organic
2 Experimental carbon

2.1 Site description and aerosol sampling The filters from the SFU sampler were weighed before and
after sampling with a microbalance ofuly sensitivity. The
The aerosol samples were collected at K-puszta, Hungaryweighings were done at 2G and 50% relative humidity and
during a field campaign between 4 June and 10 July 2003the filters were equilibrated at these conditions for 24 h prior
The sampling station is situated in the clearing of a mixedto weighing. The weighings provided data for the particulate
coniferous/deciduous forest on the Great Hungarian Plairmass (PM) in the fine<2um AD) and coarse (2-10m
(46°58 N, 19°33 E, 136 a.s.l.) about 80 km SE of Budapest. AD) size fractions. The quartz fibre filters used in the Hi-Vol
The location is believed to be representative for a rural sitesampler were too brittle for accurate and precise weighing,
to be free from local anthropogenic pollution and is charac-and no PM data were thus obtained from the Hi-Vol sampler.
terized by intense solar radiation during summer. The staAll filters from this sampler were analysed for organic carbon
tion is involved in the Global Atmospheric Watch (GAW) (OC) and elemental carbon (EC) by a thermal-optical trans-
network and the European Monitoring and Evaluation Pro-mission (TOT) technique (Birch and Cary, 1996), using the
gramme (EMEP). same analysis temperature program as we used in the aerosol
A dichotomous high-volume (Hi-Vol) sampler (about 7m carbon round robin of Schmid et al. (2001). The filters from
above ground level) was used to collect samples in two sizghe fine size fraction<€2.5um AD) were also analysed for
fractions, a fine £2.5um aerodynamic diameter (AD)) and water-soluble OC (WSOC). A filter punch of 1.0 or 1.5¢m
a coarse £2.5um AD) fraction (Solomon et al., 1983). was placed in a 15mL tube, 5mL Millipore Simplicity water
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Table 1. Mean and standard deviation of day-time and night-time averaged and maximum meteorological parameters and ozone concentra-
tions, and total day-time and night-time precipitation for the period 4 June—1 July 2003.

Day-time averaged data (N=27) Night-time averaged data (N=28)

Meantstd.dev. Meattstd.dev.
Temperature“C) 28.2+:3.2 18.6:3.3
Wind speed (m/s) 341.2 2110
Relative humidity (%) 4311 7H10
Ozone (ppbv) 6810 4148

Day-time maximum (N=27) Night-time maximum (N=28)

Meantstd.dev. Meattstd.dev.
Temperature®C) 30.9£3.5 24.1#3.1
Wind speed (m/s) 541.4 3.3t15
Relative humidity (%) 6117 90+8
Ozone (ppbv) 7811 578

Day-time total Night-time total
Precipitation (mm) 9.7 764

was added, and the tube was hand-shaken during 5 min, afsC/MS experimental conditions were the same as reported
ter which it was allowed to stand for 30 min. The sample in Pashynska et al. (2002). Mass spectra were recorded in the
extract was then filtered through a PVDF syringe filter (pore mass range m/z 45-450. All compounds were characterized
size 0.2um) and analysed for total organic carbon (TOC), on the basis of their electron ionization (El) mass spectra and
thereby correcting for the inorganic carbon, with a Shimadzucomparison with those of authentic reference compounds or
TOC-V CPH analyser. The TOC data were used as WSOC. reported mass spectral data (Claeys et al., 2004a; Claeys et
al., 2004b; Wang et al., 2005). In the selected ion monitor-
2.4 Analysis of aerosol samples for polar organic markering mode, the instrument was operated at an ion dwell time
compounds of 25ms. The selected ions were at m/z 204 and 217 for
methyl-8-D-xylanopyranoside, m/z 219 and 277 for the 2-
Only the fine size fractions{2.5um AD) of the Hi-Vol sam-  methyltetrols, m/z 233 and 307 for malic acid, m/z 236 and
ples were analysed. All glassware used for sample workuB810 for deuterated (§)-malic acid, and m/z 217 and 319 for
was deactivated with 5% dimethyldichlorosilane in toluene arabitol and mannitol.
in order to minimize adsorption and loss of polar acidic Taking into account the polar character of the targeted
compounds. For each sample, 1/16 of the whole filter was :
. . ) . compounds, we evaluated pure methanol for extraction and
spiked with appropriate amounts of internal recovery stan-

. . A compared it with dichloromethane-methanol (80:20, v/v)
dards (1S), i.e., methy-D-xylanopyranoside (Sigma, St. . . . }
Louis, MO, USA) and deuterated gpmalic acid (CDN which was used in previous work for polar polyhydroxy

isotopes, Canada), extracted with methanol and the residulated compounds such as levoglucosan (Pashynska et al,

trimethylsilylated, thereby following a protocol that was es- 5002)' On the basis of this comparison which revealed
yislly ! y gap that methanol was an efficient solvent for extraction of the

tablished previously (Pashynska et al., 2002). Only 1/16 ) . .
! 2-methyltetrols, levoglucosan, malic acid, 2-methylglyceric
of the whole filter was used because workup of larger por-_ . . ) )
acid, arabitol, and especially mannitol (the most polar com-

tions led to problems in the GC/MS analysis due to co- o . .

extraction of sulfuric acid. The derivatized samples Werepound among the saccharidic compounds), it was selected in
. N . : further determinations. The extraction recoveries were es-

analysed using a Polaris Q GC/ion trap MS instrument (Ther-

moFinnigan, San Jose, CA, USA). The chromatographic sysymated by spiking blank filters with known amounts of the

tem consisted of a deactivated fused-silica precolumn (2 nf halytes and were-65% for the polyhydroxy compounds,
« 0.25mm i.d.) (Alltech, Deerfield, IL, USA) and a low- he 2-methyltetrols, levoglucosan, arabitol and mannitol, and

0 ) ; )
bleed Rix-5MS (crossbond 5% diphenyl — 95% dimethyl 72% for malic acid, and are expected to be higher for real

) - . samples due to carrier effects (Athal et al., 2002). Em-

polysiloxane) fused-silica capillary column (3046.25 mm ; : L - .
; . : ploying Ds-malic acid, it was also verified that methylation
i.d., 0.25um film thickness) (Restek, Bellafonte, PA, USA). . .

. o did not occur with methanol under the sample workup con-
The following temperature program was applied: the tem-. -

. . ditions.

perature was kept at 3G for 5min, was then increased to
200°C at the rate of 3C min~! and kept at that temperature ~ For quantitative analysis, calibration curves were con-
for a further 2min and then raised to 3Wat the rate of structed in the appropriate concentration ranges by analysing
30°Cmin~1; the total analysis time was 62 min. The other aliquots of stock solutions of standards as reported in

www.atmos-chem-phys.org/acp/5/1805/ Atmos. Chem. Phys., 5, 18282005
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1007 (o 5 7 ferent rural and semi-rural locations, including the K-puszta
A 80| 4 8 site (Claeys et al., 2004b), diverse sites in the Eastern United
601 States (Edney et al., 2005) and a boreal forest site in Fin-
20 s . land (Kourtchev et al., 2005). The dihydroxymonocarboxylic
ool 1 2 acid, 2-methylglyceric acid, has been found for the first time
olL in the K-puszta PMs aerosol, has been explained by further
1007 ) 5 aerosol-phase oxidation of methacrolein and methacrylic
80 acid, which are gas-phase oxidation products of isoprene
60 4 (Claeys et al., 2004b), and has recently also been reported
405 2 3 . in PM2 5 aerosol from the Great Smoky Mountain National
20 1 7 8 Park, Tennessee, USA (Yu et al., 2005). Recent laboratory
(N ESENVV SRS P B S MUM‘-—M‘A—‘A—M smog chamber experiments with irradiated isopreng/ldi©®
26 28 30 32 34 3$ime38min40 42 44 46 48 50 52 mixtures in the presence and absence of 88ablished that

the 2-methyltetrols and 2-methylglyceric acid can be gener-
Fig. 2. GC/MS selected ion monitoring data for (a) a day- and (b) ate_d from isoprene and th_at Sulfu_rlc aC.Id (gene_rated by oxi-
night-time PM 5 aerosol sample collected on 19 June 2003. Peakdatlon of SQ) plays a crucial role in their formation (Edney
identifications: {) 2-methylglyceric acid, @) malic acid [+ Dy-  €tal., 2005).

malic acid (IS)], 8) 2-methylthreitol, 4) 2-methylerythritol, 6) In addition to the isoprene oxidation products, other polar
methyl-8-D-xylanopyranoside (1S),6] levoglucosan, 7) arabitol ~ organic molecules detected with GC/MS at significant con-
and @) mannitol. centrations in the K-puszta P aerosol were malic acid,

levoglucosan, arabitol and mannitol. Malic acid is gener-
ally considered as an intermediate in the oxidation of unsat-
Pashynska et al. (2002). The quantification of 2-urated fatty acids (Kawamura and Ikushima, 1993; Kawa-
methyltetrols, levoglucosan, arabitol and mannitol as well asmura and Sakaguchi, 1999; Néss et al., 2000; Yu et al.,
that of malic acid was based on the use of selected ion mon2005). However, in addition to unsaturated fatty acids, malic
itoring data and an internal standard calibration procedureacid is believed to have other biogenic sources that remain
employing methylg-D-xylanopyranoside (internal standard to be identified (Claeys et al., 2004a). Levoglucosan (6)
for 2-methyltetrols, levoglucosan, arabitol, and mannitol) is an anhydro derivative of glucose formed through pyrol-
and deuterated (§)-malic acid (internal standard for malic ysis of cellulose at temperatures above D{Shafizadeh,
acid), whereas for 2-methylglyceric acid, for which no ref- 1984), is an excellent indicator compound for biomass smoke
erence was available, the response factor of malic acid wagSimoneit, 2002), and has been extensively used to moni-
used. All reported concentrations were corrected for procetor biomass smoke in tropical environments that are affected
dural blanks. Duplicate analyses showed that the precisiomy deforestation (Zdthal et al., 2002; Graham et al., 2002;
was about 10%. Graham et al., 2003; Schkolnik et al., 2005) as well as in ur-
ban and rural environments where wood burning is important
during winter (Zdahal et al., 2002; Pashynska et al., 2002;
3 Results and discussion Pio et al., 2004). The sugar alcohols, arabitol (7) and man-
nitol (8), are fungal marker compounds (Lewis and Smith,
3.1 Characterisation and sources of polar organic com-1967; Bieleski, 1982). Other minor compounds identified but
pounds in the PMl5 aerosol not measured were the monosaccharides, fructose and glu-
cose, which are believed to originate from plant pollen that
Figure 2 shows GC/MS selected ion monitoring data ob-may be rich in fructose and glucose (Pacini, 2000), as well
tained for the trimethylsilylated extracts of the fine size frac- the anhydrosugars, mannosan and galactosan, which accom-
tion of a typical day- and night-time aerosol sample. Us-pany the emission of levoglucosan during biomass burning
ing GC/MS a range of polyols, sugars, sugar alcohols, anhy{zdrahal et al., 2002; Graham et al., 2002). In additiog, C
drosugars and hydroxycarboxylic acids could be identifiedalkene triol derivatives of isoprene that are related to the 2-
and measured in the derivatised Pivaerosol extracts. The methyltetrols (i.e., 2-methyl-1,3,4-trihydroxy-1-butenss(
major identified compounds include the 2-methyltetrols, 2-and trans) and 3-methyl-2,3,4-trinydroxy-1-butene) (Wang
methylthreitol (3) and 2-methylerythritol (4), the hydroxydi- et al., 2005) could be detected in low concentraticn$d%
carboxylic acid, malic acid (2), levoglucosan (6), the sugarof the 2-methyltetrols) in most samples.
alcohols, arabitol (7) and mannitol (8), and the dihydroxy- While the 2-methyltetrols, levoglucosan and malic acid
monocarboxylic acid, 2-methylglyceric acid (1) (Fig. 1). have been shown to be associated with the fine size fraction
The 2-methyltetrols have been first reported in thesBM - (<2.5um AD), the sugar alcohols, arabitol and mannitol,
size fraction of Amazonian rain forest aerosols (Claeys et al. have been found to be mainly confined to the coarse size frac-
2004a) but have since been detected in the fine aerosol of dition (>2.5um AD) of aerosols collected above the Amazon

Atmos. Chem. Phys., 5, 1805814 2005 www.atmos-chem-phys.org/acp/5/1805/
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——PM (PM2)
oC
-=—Malic acid (x50)
—e—Tetrols (x20)
-=— Mannitol (x20)

Conc. in PM2 or PM2.5 size fraction

100

Conc. (ug/m®)

AN OO0

Fig. 3. Time trends for the PM particulate mass concentration and for theJ2Moncentration of OC, malic acid, the 2-methyltetrols (sum
of 2-methylthreitol and 2-methylerythritol) and the sugar alcohol mannitol.

forest (Graham et al., 2003; Claeys et al., unpublished reand fairly constant during the campaign, with mean and as-
sults). Similar results were obtained for arabitol, mannitol, sociated standard deviation of 2&2.2°C (Table 1). Also
and malic acid for size-fractionated aerosols collected at ahe day-time averaged ozone concentration was high, with
rural (meadow) site in Melpitz, Germany; in contrast, ara- a mean of 7#10 ppbv. This is indicative of high concen-
bitol and mannitol were found to be mainly associated withtrations of photo-oxidants and favorable conditions for fast
the fine size mode for aerosols collected at a boreal forespxidation of and aerosol formation from isoprene, which
site, Hyyti@ala, Finland (Carvalho et al., 2003). was most likely predominantly emitted in the fairly close
vicinity of the sampling site. Enhanced day-time concen-
3.2 Time trends and diel variations of polar organic com-trations have been previously reported épinene oxida-
pounds in the Plyls aerosol tion products and are generally seen as evidence for a pho-
tochemical source (Kavouras et al., 1998). The mass con-
Figure 3 shows the time trends for the PWrticulate mass  centration ratio 2-methylthreitol/2-methylerythritol was 0.36
concentration and for the PA concentration of OC, malic  ang the excellent correlation #0.95) found between the
acid, the sum of the 2-methyltetrols and the sugar alcoholnass concentrations of the two diastereoisomers is consis-
mannitol. It can be seen in the figure that the mass conent with their formation through the same aerosol source
centrations of OC and malic acid follow quite closely that process, i.e., photo-oxidation of isoprene (Fig. 4). The diel
of the PM. In contrast to malic acid, diel variations with cycle of mannitol revealing its highest atmospheric concen-
the highest concentrations during day-time are observed fofrations during day-time contrasts with observations made
the 2-methyltetrols and mannitol. A diel variation similar for the coarse aerosol fractios-2.5.m AD) in the Ama-
to that of mannitol is observed for arabitol (not shown). zon forest where the highest concentrations were found at
The atmospheric concentrations of the 2-methyltetrols areyight (Graham et al., 2003). A possible explanation for this
the highest during day-time consistent with the emissionphenomenon could be that emission of smaller-sized fungal
of isoprene which is both light- and temperature-dependentraggments, known to be released together with spores from
(Sharkey and Yeh, 2001) in the area around the samplingn0|dy surfaces (Gry et al., 2002), at K-puszta is more
site as well as with a rapid photochemical formation meCh'pronounced during day-time, which is generally character-
anism which follows from the high reactivity of isoprene jzed by stronger winds and convective activity compared

and its intermediates (Claeys et al., 2004a; Claeys et alg night-time (Table 1). Furthermore, hygroscopic particle
2004b). The day-time-averaged temperature was quite high

www.atmos-chem-phys.org/acp/5/1805/ Atmos. Chem. Phys., 5, 18082005
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35 ; ; ; ; ; —s Rondnia, Brazil, and has been explained by a different com-
bustion stage with flaming combustion dominating during
30 4----—---- b b SRRREEEEEE D A day-time and smoldering combustion (a less complete com-
| | | | bustion resulting in higher yields of levoglucosan) prevailing
25 1 ! ! < at night (Schkolnik et al., 2005; Claeys et al., unpublished
=) results). However, in this case it is more likely that in the
I e P oo oo summer many people around in the villages, farms and sum-
E | mer lodges use wood for barbecue and even for cooking es-
Sy e P SRREE - pecially in the evenings. This may show up in the records,
‘uE‘a | | | especially at night when the mixing height of the boundary
& 10 -~ o ‘ ; oo oo layer is low and inversion frequently occurs.
y = 0.36x + 0.43 In contrast to the isoprene oxidation products, arabitol
5 1 ! ! ! ! R? - 0.95 and mannitol, and levoglucosan, malic acid does not show
— day/night differences but is found to follow quite closely the
0 1 1 1 1 1 1 1 1 particulate and organic carbon mass (Fig. 3). This behavior
0 10 20 30 40 5 60 70 80 90 indicates that malic acid likely forms from precursors which
2-methylerythritol (ug/m?) have multiple and widely distributed sources, both anthro-

pogenic and natural. This is reasonable to assume since un-
Fig. 4. Scatter plot of the 2-methylthreitol mass concentration ver- saturated fatty acids are ubiquitous compounds in the atmo-
sus that of 2-methylerythritol. The line was obtained by linear re- sphere, emitted from cooking operations as well as by veg-
gression. etation (Rogge et al., 1991; Limbeck and Puxbaum, 1999).

Furthermore, it can be assumed that the conversion of unsat-

urated fatty acids to malic acid has a relatively large over-
growth due to a higher relative humidity during night-time all time-constant, which further dampens diel fluctuations.
(Table 1) may shift some of the smaller particles that con-Our observation mirrors the results obtained by Brook et
tain mannitol and arabitol to the coarse size fraction duringal. (2004) on urban aerosols from Toronto, Canada, who have
night. The day/night differences for 2-methylerythritol and found that the concentrations of malic acid were correlated
the sugar alcohol, mannitol, are also very apparent in thewith those of the SOA.
trends of their percentage carbon contributions to the fine OC Table 2 presents the median concentrations and concentra-
(Fig. 5). The diel pattern of 2-methylthreitol is similar to that tion ranges for the Plparticulate mass (PM) and for OC,
of 2-methylerythritol, while that of arabitol is similar to that WSOC, EC, and the major identified organic compounds, as
of mannitol (data not shown). The percentage carbon conderived from the PMs Hi-Vol samples, while Table 3 gives
tributions to the fine OC are thought to provide better a in-the mean percentages of the OC attributable to the WSOC
sight into the time-dependant formation of the targeted com-and to the carbon of the organic compounds. It is noted that
pounds than the atmospheric concentration data, since théhne median concentration for the sum of the 2-methyltetrols
latter depend on meteorological conditions and are, e.g., afat K-puszta (28.5ng r?) is comparable to that found dur-
fected by day/night variations in the mixing height of the tro- ing the LBA-CLAIRE 1998 wet season campaign in Bal-
pospheric boundary layer. A diel pattern is also observed fotbina, Brazil, where the concentration (in the total aerosol)
2-methylglyceric acid (Fig. 6), consistent with its formation was 31 ng m?3 (Claeys et al., 2004a), as well as to that found
through rapid photo-oxidation of locally emitted isoprene. during a 2004 summer period in Hy&th, Finland, where
The 2-methyltetrols and 2-methylglyceric acid contributed the mean concentration (in the RMerosol) was 26 ng n¥
on average 2 times more to the OC during the day than atKourtchev et al., 2005). Malic acid is the most abundant
night (Figs. 5 and 6), while the sugar alcohols, arabitol andsingle compound detected in the PMaerosol at K-puszta
mannitol, accounted, on average, 4 times more to the OQuith a median concentration of 38 ng ) contributing to
during the day than at night (Fig. 5). It is pointed out that the the OC with 0.4%, and its concentration is about a factor of
latter compounds, unlike the isoprene oxidation products, aré..5 higher than that observed during the LBA-CLAIRE 1998
primary aerosol components that are associated with fungalvet season campaign in Balbina, Brazil (i.e., 22 ng®rin
fragments. The levoglucosan concentrations were quite varithe total aerosol).
able and indicate that wood burning takes place at or close Overall, the carbon content of the polar organic species
to the K-puszta site, likely for household purposes or agri-quantified by GC/MS accounted for 1.2% of the OC in the
cultural waste burning. A consistent day-night variation in PM, 5 aerosol (Table 3). The remaining part of the or-
the levoglucosan contribution to the OC is noted (Fig. 6),ganic compounds that were insoluble in methanol or not
accounting, on average, 2 times more at night than duringamenable to GC/MS analysis constitute a significant frac-
the day. This phenomenon was also clearly observed durtion of the unidentified organic material. The latter fraction
ing the LBA-SMOCC 2003 biomass burning experiment in likely includes humic-like substances, which are known to

Atmos. Chem. Phys., 5, 1805814 2005 www.atmos-chem-phys.org/acp/5/1805/



A. C. lon et al.: Polar organic compounds in rural Pdvaerosols 1811

Table 2. Median concentrations and concentrations ranges for thg [pvticulate mass (PM) and for the BM concentrations of OC,

WSOC, EC, and polar organic compounds at K-puszta, Hungary, during summer 2003 (N=63). Data for PM, OC, WSOC and /& are in
m~3, for all other species in ng fv.

All samples (N=63) Day-time samples (N=27) Night-time samples (N=28)
Species Median conc. Conc. Range Medianconc. Conc. Range Medianconc. Conc. Range
PM (g m~3) 14.1 6.3-28 14.1 6.6-24 15.1 6.3-23
OC (ug m—3) 4.2 1.94-6.8 4.3 2.2-6.2 4.4 1.94-6.8
WSOC (g m*3) 2.6 0.98-4.7 2.7 1.17-3.8 2.7 1.22-4.7
EC (ug m_3) 0.20 0.077-0.59 0.20 0.105-0.33 0.20 0.077-0.59
Malic acid (ng nT3) 38 11.5-79 39 17.1-74 42 11.5-79
Levoglucosan 12.3 3.5-95 9.8 3.5-27 16.6 6.2-95
Arabitol 4.8 0.69-25 8.2 1.29-25 2.3 0.69-11.0
Mannitol 53 0.62-29 10.1 1.28-29 2.3 0.62-12.0
2-methylthreitol 7.5 0.79-34 12.1 1.48-34 6.0 0.79-23
2-methylerythritol 21 1.03-85 32 2.8-85 14.2 1.03-73
2-methylglyceric acid 7.6 2.2-18.3 10.0 3.5-18.3 6.8 2.2-13.6

Table 3. Mean percentages (and associated standard deviations) of the OC attributable to the WSOC and to the carbon in the organic
compounds, as derived from the BMIHi-Vol samples, at K-puszta, Hungary, during summer 2003.

Species All samples (N=63) Day-time samples (N=27) Night-time samples (N=28)
Mean %tstd.dev. Mean %std.dev. Mean %std.dev.
WSOC 619 62+10 62+8
Malic acid 0.35:0.11 0.36:0.12 0.35:0.11
Levoglucosan 0.180.16 0.118:0.056 0.25:0.21
Arabitol 0.07Qt0.056 0.096:0.052 0.038:0.023
Mannitol 0.078:0.073 0.116-0.066 0.033:0.028
2-methylthreitol 0.10%0.077 0.148-0.088 0.07#0.052
2-methylerythritol 0.280.20 0.3%:0.21 0.21#0.16
2-methylglyceric acid 0.0880.034 0.104-0.037 0.068-0.024
Sum (compounds) 1.350.29 1.33:0.33 1.02-0.32

be significant at K-puszta (Zappoli et al., 1999), as well as4 Conclusions
biological structures, such as fragments or constituents of
fungi, pollen, algae, bacteria, leaves and insects (Matthias-
Maser and Jaenicke, 1995: Bauer et al., 2002a; Bauer evovel insights have been obtained in the atmospheric chem-
al., 2002b). Because a major fraction of the OC con-istry of isoprene which is emitted by forest vegetation
sists of large biomacromolecules such as proteins (MigueRnd leads to secondary organic aerosol formation. The
et al., 1999), cellulose (Puxbaum and Tenze-Kunit, 2003)diel patterns observed for the marker compounds, the 2-
and phospholipids (Womiloju et al., 2003), which are embed-methyltetrols and 2-methylglyceric acid, showing maxima
ded in biomembrane structures, techniques such as GC/Mduring day-time, are consistent with a rapid photochemi-
cannot be expected to explain more than a small fraction ofal formation process from locally emitted isoprene. The
the organic aerosol mass. However, in contrast to humiclatter compounds should be regarded as qualitative marker
like substances, which make up a large fraction of the finecompounds for secondary aerosol formation through photo-
OC mass and are hard to characterize on the molecular levélxidation of isoprene and more research is warranted to ex-
notwithstanding their relatively low average molecular massplore their potential usefulness for aerosol source apportion-
(<300 Da) (Kiss et al., 2003), the highly polar, multifunc- ment. On the basis of the data obtained in the present study,
tional compounds identified and measured by GC/MS in thelt is not possible to draw conclusions about the fraction of
present study are useful marker compounds for source iderthe secondary organic aerosol that is due to photo-oxidation
tification of the organic carbon mass. of isoprene. Based on laboratory experiments with isoprene

(Limbeck et al., 2003), it is very likely that photo-oxidation

of isoprene significantly contributes to the large fraction of
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Fig. 5. The day/night differences for 2-methylerythritol and mannitol, apparent in the trends of the percent carbon in the fine OC.
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Fig. 6. The day/night differences for levoglucosan and 2-methylglyceric acid, apparent in the trends of the percent carbon in the fine OC.

the fine aerosol that contains humic-like substances duringbtained in the fungal activity of the forest ecosystem in that
summer. However, in view of the high chemical complex- diel patterns with maxima during day-time were observed for
ity and polarity of these compounds, it remains to be seen irarabitol and mannitol, indicating a higher release of fungal
the future whether they can serve as marker compounds fairagments during that time. As the isoprene oxidation prod-
photo-oxidation of isoprene. Novel insights have also beeructs, arabitol and mannitol should be regarded as qualitative
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marker compounds, and research is currently underway in Maenhaut, W.: Formation of secondary organic aerosols through
our laboratory to determine their fraction of the organic car- ~photooxidation of isoprene, Science, 303, 1173-1176, 2004a.
bon mass due to fungal bioaerosol (a primary source) withClaeys, M., Wang, W., lon, A. C., Kourtchev, |., GeleagsA.,
the aim to use these data for source apportionment. Fur- and Maenhaut, W.: Formation of secondary organic aerosols
ther, the time trends of levoglucosan allow to conclude that Tomisoprene and its gas-phase oxidation products through reac-
the sampling site is occasionally affected by biomass smoke, tz'ggﬁ,'th hydrogen peroxide, Atmos. Environ., 38, 4093-4098,
which is most pronpuncet_j during nlg.ht_tlm(.a’ probably as aEdney, E.. O., Kleindienst, T. E., Jaoui, M., Lewandowski, M., Of-
res.ult of wood burnlng dur_mg theT evening. Fln_ally, the pbsgr— fenberg, J. H., Wang, W., and Claeys, M.: Formation of 2-methy
vations made on malic acid, an intermediate in the oxidation (strols and 2-methylglyceric acid in secondary aerosol from lab-
of unsaturated fatty acids, whose concentrations are high and oratory irradiated isoprene/N@air mixtures and their detection
follow quite closely those of the particulate and organic car-  in ambient PM 5 samples collected in the Eastern United States,
bon mass, are worth noting, suggest that oxidation of unsat- Atmos. Environ., in press, 2005.
urated fatty acids is also an important atmospheric chemistryracchini, M. C., Mircea, M., Fuzzi, S., and Charlson, R. J.: Cloud
process and warrant more detailed investigation. albedo enhancement by surface-active organic solutes in growing
droplets, Nature, 401, 257—259, 1999.
Gelencsér, A., Hoffer, A., Molrar, A., Krivacsy, Z., Kiss, G., and
Meésaros, E.: Thermal behaviour of carbonaceous aerosol from
a continental background site, Atmos. Environ., 34, 823-831,
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