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Abstract. Particulate matter was collected at an urbanorigin using back trajectories suggests that the fossil im-
site in Gdteborg (Sweden) in February/March 2005 and in pact was larger when local sources dominated, whereas long-
June/July 2006. Additional samples were collected at arange transport caused an enhanced non-fossil signal. In
rural site for the winter period. Total carbon (TC) con- comparison to other European locations, concentrations of
centrations were 2.1-3;6gm~23, 1.8-1.9ugm23, and 2.2—  levoglucosan and other monosaccharide anhydrides were low
3.0.g m~3 for urban/winter, rural/winter, and urban/summer for the urban and the rural site in the area @t€borg during
conditions, respectively. Elemental carbon (EC), organicwinter.

carbon (OC), water-insoluble OC (WINSOC), and water-
soluble OC (WSOC) were analyzed fdcC in order to distin-
guish fossil from non-fossil emissions. As wood burning is 1 |ntroduction

the single major source of non-fossil EC, its contribution can

be quantified directly. For non-fossil OC, the wood-burning Airborne particulate matter (PM) influences the radiation
fraction was determined independently by levoglucosan andudget directly by scattering of sunlight and indirectly by
14C analysis and combined using Latin-hypercube samplingtioud formation. Furthermore, it causes respiratory as well as
(LHS). For the winter period, the relative contribution of EC cardiovascular diseases (Knaapen et al., 2004). As a ubiqui-
from wood burning to the total EC was3 times higher at  tous component of PM, carbonaceous aerosols substantially
the rural site compared to the urban site, whereas the absolutgntribute to these climate and health effects (Jacobson et
concentrations of EC from wood burning were elevated onlyal., 2000; Kanakidou et al., 2005). Elemental carbon (EC),
moderately at the rural compared to the urban site. Thuswhich is optically absorptive and highly polyaromatic, has
the urban site is substantially more influenced by fossil ECenhanced negative repercussions on human health (Knaapen
emissions. For summer, biogenic emissions dominated OGt al., 2004). Organic carbon (OC) is the non-absorptive frac-
concentrations most likely due to secondary organic aerosalion of the carbonaceous aerosol, which has a lower molec-
(SOA) formation. During both seasons, a more pronouncedilar weight than EC. It may contain reactive compounds,
fossil signal was observed fordBborg than has previously which take part in atmospheric-chemical transformations and
been reported for Zurich, Switzerland. Analysis of air massenhance condensation of clouds (Tsigaridis et al., 2006) or

act as toxins and allergens.
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In spite of the importance of the carbonaceous aerosoldetermination (Gelenés et al., 2007), and aerosol modeling
detailed apportionment and quantification of its sources igSimpson et al., 2007) has recently gained new insights into
still difficult due to the large number of sources and the vastsources of carbonaceous aerosols.
number of organic compounds associated with the aerosol Levoglucosan isthe most recognized molecular marker for
(Kanakidou et al., 2005). In general, EC enters the atmo-racing emissions of particulate matter from biomass burn-
sphere exclusively as a primary (i.e. direct particulate) emis-ing. It is emitted in high concentrations, not present in
sion originating nearly completely from pyrolysis during in- the vapour phase, and predominantly associated with fine
complete combustion, e.g. due to traffic, industrial incin- aerosols (Locker, 1988; Simoneit et al., 1999; Yttri et al.,
eration, or biomass burning (Bond et al., 2007). The OC2005). According to present knowledge it is not selec-
fraction includes primary particles and secondary organictively removed from the atmosphere (Fraser and Lakshama-
aerosols (SOA), whereof the latter is formed from gaseougan, 2000). The stability of the levoglucosan/OC emission
precursors by atmospheric oxidation or oligomerization (Ja-ratio for different burning conditions is somewhat controver-
cobson et al., 2000; Kanakidou et al., 2005; Tsigaridis etsial. Jordan and Seen (2005) stated that this ratio is stable
al., 2006). OC originates from anthropogenic sources, e.gfor a wide range of burn rates, whereas many compilations
from combustion processes in line with EC emissions. Be-of literature results (e.g., Szidat et al., 2006; Puxbaum et al.,
sides these sources, primary biogenic emissions and SOR007; Sandradewi et al., 2008b) show quite variable relation-
formation play an important role for the OC fraction, espe- ships. However, levoglucosan enables detection of plumes
cially during summer. However, the actual production path-from biomass burning and make it possible to study temporal
ways and emission strengths of both, primary biogenic parvariations of wood burning emissions on a sub-daily scale.
ticles and SOA, are still poorly understood (Kanakidou et The present work employ$C and levoglucosan determi-
al., 2005). Additionally, numerous minor OC sources exist, nations for two locations (urban and rural) in South-West
which largely differ seasonally and locally. Prevalent water- Sweden in order to investigate the different source patterns
insoluble OC (WINSOC) components are alkanes, alkanalspf carbonaceous aerosols for this part of Scandinavia. North-
alkanons, waxes, proteins, plant fragments, and small liv-ern Europe provides a number of interesting conditions for
ing organisms (bioaerosols); water-soluble OC (WSOC) typ-investigating sources of carbonaceous aerosols. (1) Large
ically consists of oxygenated compounds (often from sec-forested areas are likely to give a greater proportion of bio-
ondary production) as di- and polycarboxylic acids, fatty genic to anthropogenic VOCs and aerosols than for other
acids, as well as carbohydrates and their derivativésdH, parts of Europe. (2) Wood-burning is quite common: one
2005). third of Swedish homes are completely or partially heated

The above-mentioned sources all have complex emissioty burning of firewood (Hedberg et al., 2002). Glasius et
and transformation regimes, which make inventory-basedl. (2006) stated that the number of wood-combustion appli-
emission estimation challenging. Therefore, receptor modelsances in Denmark has doubled during the last decade and
aim to re-construct the origin and emissions based on ambidemonstrated that wood combustion can result in local parti-
ent concentrations of source-specific markers (e.g., organicle levels comparable to heavily trafficked streets. (3) Mod-
compounds, inorganic tracers, or mass fragments of direceled SOA contributions to OC close to 100% are reported
PM analyzing mass spectrometers) using model-derived ofor Scandinavia both for summer and winter, which is on
a priori established emission factors (Schauer et al., 1996the regional scale substantially higher than for Central Eu-
Hopke et al., 2006; Alfarra et al., 2007). This approach as-rope (Simpson et al., 2007): in summer, the combination of
sumes that these emission factors are independent of changigh forest density and increased day length promote pho-
ing emission conditions or chemical transformations duringtochemical reactions of biogenic VOCs; in winter, low tem-
atmospheric alteration. Whereas such assumptions are tygeratures favor condensation of semi-volatile organic gases
ically valid only under certain circumstances (e.g., close to(Andersson-S&ld and Simpson, 2001; Simpson et al., 2007).
emissions or for similar sites), they are much less problem- In this work, we present an assessment throtfighanal-
atic for many isotopic tracers. For carbonaceous particlesysis of the contribution of fossil versus non-fossil carbon
radiocarbon ¥*C) is such an isotopic tracer, by which fos- to ambient aerosols in and close tdt€borg in South-
sil and non-fossil emissions can be distinguished (Currie West Sweden. Combined with the measurements of levoglu-
2000; Lewis et al., 2004; Szidat, 2009). With this tech- cosan, this complementalJC analysis provides a good es-
nique, the contribution of biogenic and fossil OC for sum- timate of the relative roles of biogenic VOC, anthropogenic
mer conditions (Szidat et al., 20044, b) as well as the fractiorwood-burning, and fossil combustion sources to EC and OC.
of EC from residential wood burning during winter was di- Furthermore, the comparison of summer and winter results
rectly quantified for several Swiss sites (Szidat et al., 2006yields insight into the seasonal cycle of anthropogenic vs.
2007). Furthermore, the combination ¥iC analysis with  biogenic contributions to the atmospheric aerosol.
other apportionment tools such as aerosol mass spectrometry
(Alfarra et al., 2007), multi-wavelength aerosol light absorp-
tion measurements (Sandradewi et al., 2008a), organic tracer
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Table 1. Conditions of aerosol sampling.

Campaign Winter, urban Winter, rural Summer, urban
Sampling 11 February — 14 February — 13 June —
period 4 March 2005 25 February 2005 4 July 2006
Site Femman B Femman
Position 5742 N, 11°57 E, 5724 N, 11°55' E, See winter,
20ma.s.l. 10mas.l. urban
Location Downtown @teborg,  2km SW of B, See winter,
(600 000 inhabitants) ground position urban
rooftop position
Vicinity Shopping, residential, Forest, heath, See winter,
and industrial areas sea shore urban
Sampling Sierra-Andersen GMW  Anderson 65-800 Anderson 65-800
system $4C) Hivol Air Sampler Two-Stage Hivol Two-Stage Hivol

Cascade Impactor Cascade Impactor
Flow: 1130 L min1 Flow: 480 Lminm 1  Flow: 480 L mirr1

Inlet: PMyo Inlet: PMo 5 Inlet: PMo 5
Sampling system  Derenda LVS3 Identicalte Identical tol4C
(levoglucosan) Flow: 38 L mint
Inlet: PMy 5
2 Methods 2.2 Separation of carbonaceous particle fractions
2.1 Particulate matter sampling The chemical separation of OC, WINSOC, and EC from the

quartz fiber filters fot*C measurement using a step-wise ox-
In February/March 2005 and June/July 2006, aerosol filtefigation (Szidat et al., 2004c) was described elsewhere (Szidat
samples were collected for subsequent analysis of its caret al., 2004a, 2006, 2007). In brief, OC is oxidized at320
bonaceous content during thed®-2005 campaign (Hal- in a stream of pure oxygen. For WINSOC analysis, water-
lquist et al., 2009) in the area ofdBeborg, Sweden. Sam- soluble compounds are removed by water extraction of the
pling during winter was conducted simultaneously at the ur-fiiter. The remaining carbon on the filter is then treated as for
ban site Femman and the rural EMEP si®RSE14), which  OC separation. The level of WSOC is determined by sub-
is located 35km south of @eborg. During summer, sam-  traction of WINSOC from OC. EC is oxidized at 63D after
pling was conducted at the urban site only. The urban sitecomplete removal of OC and interfering water-soluble inor-
is situated at an approximate height of 30 m above grountyanic compounds, which is done by extraction with diluted
level in down-town Gteborg on top of the 7-floor-high de-  hydrochloric acid and water followed by pre-heating in air at
partment store Femman. This site is the main air quality3ggC for 4 h. CQ evolving from OC, WINSOC, and EC is
monitoring site in @teborg where routine measurements arecryo-trapped and sealed in ampoules’ measurement.
conducted by the Environmental Office irb@borg. For correct!*C analysis of EC, suppression of the posi-

The aerosol was collected on pre-heated quartz fiber filtjye artifact during OC removal (“charring”) is of special im-

ters (Pallflex 2500QAT-UP) using different samplers, inlets, portance. Charring will produce additional EC so e
and air flows. For details see Table 1. DUring the winter measurement of EC may then be biased as charred OC and
campaign sampling was conducted using different inlets, i.egC often have largely different isotopic signals (Szidat et al.,
PMioat Femman and Pk at Réd. These dataare only fully - 2004a). The suppression of charring is optimized especially
comparable for conditions when the fine (particle diameterspy the water extraction and the oxidative treatment of the fil-
<2.5um) fraction dominates the organic load. On the aver-ters. This was revealed by on-line monitoring of the optical
age, normalized Plb/PM ratios for Femman were 0.80 properties of the filters during the thermal treatment, which
and 0.96 for TC and EC, reSpeCtiVer, which indicates thatshowed that Charring Contributed on'y Eﬂ% to EC for fil-
coarse organic fractions might have influenced this compaters analyzed in this work. Details are given elsewhere (Per-
rability. After sampling, filters were folded, wrapped in alu- ron et al., 2009; see also Szidat et al., 2008).
minum foil, packed into air-tight plastic bags, and stored at  \jttmaack (2005) observed that bioaerosols may remain
—20°C. During transportation, the filter samples experiencedpartially on the filter after pre-heating in air. This implies
ambient temperatures for 48h. Blank filters were treatedinat the EC fraction in aerosol matter larger than;Rivay be
in the same way as the exposed filters without collection ofgyerestimated due to these coarse WINSOC residues, caus-
aerosols. ing elevatedf), (EC) values. Due to the seasonal distribution
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Table 2. Central values with low and high limits of input parameters 2.4 Levoglucosan determination

for source apportionment using LHS. . . .
PP g Quantification of monosaccharide anhydrides (MA) (lev-

oglucosan, mannosan and galactosan) in the aerosol filter

Parameter Lowlimit  Centralvalue High limit samples was performed according to the method described in
EC error factof 0.75 1.00 1.25 detail by Dye and Yttri (2005). In brief, punches (1.5-Fm

Jm wood 111 1.16 121 of the quartz fiber filter were soaked in tetrahydrofuran (2 ml)
M nonfossil 1.08 1.11 1.14 and subjected to ultrasonic agitation (30 min). The filter ex-
(OC/ECnood 4.83 6.37 9.35 tract were filtered through a syringe filter (04B) to re-
(OC/1eVlvood 55 10 14 move PM and filter parts. Each filter was extracted twice.

The extracted volumes were pooled and evaporated to a to-
tal volume of 1 ml in a nitrogen atmosphere. Before analysis
the sample solvent elution strength was adapted to the mo-

* EC values multiplied by given factor.

of bioaerosols (Wittmaack, 2005), this artifact should be
more important for summer than for winter.

The concentrations of the carbonaceous fractions are d
termined using a modified procedure of that reported by La
vanchy et al. (1999). TC is quantified manometrically a3CO
from the oxidation of the untreated filter at 6%0 For EC
measurement, OC is eliminated by water extraction and pre
heating at 375C during 40 min.

2.3 1C measurements

14¢C from the evolved C®was analyzed in carbon amounts

of 10-70ug with accelerator mass spectrometry (AMS) at
the ETH AMS facility, using two different techniques. For

the majority of the samples collected during the winter cam-
paign, CQ was reduced with a mixture of Co and Mn, form-

ing filamentous carbon (Szidat et al., 2004c). This material
served as the target material in the 500kV pelletron AMS
system, which is equipped with a MC SNICS cesium sput-
ter ion source for solid targets (Synal et al., 2000). Due
to isotopic fractionation effects and chemical contamination
during the reduction step, correction of raw data is labori-

ous and, sometimes, induces large uncertainties (Jenk et al!

2007). For three of the samples collected &b winter
(14-18 February, WINSOC and EC, and 18-25 February,
WINSOC) and for all those collected in summer, £®as
mixed with He and transferred into a self-constructed cesiu
sputter gas ion source of the 200 kV mini-radiocarbon dat-
ing system MICADAS (Ruff et al., 2007). The latter method
enables“C determinations with a higher reliability and less

uncertainty compared to the former one and is only subjecte(?

to negligible chemical contamination. An intercomparison
revealed that both methods produce consistent resti@.
measurements are given in fractions of modern carlggn
which denote thé*C/A2C ratios of the samples related to
that of the reference year 1950. According to Stuiver and
Polach (1977), these values are decay-corrected for the tim
period between 1950 and the date of measurement.

Atmos. Chem. Phys., 9, 1521535 2009
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bile phase by adding Milli-Q water (0.8 ml). The concentra-
tions of MAs were determined using High Performance Lig-
uid Chromatography (HPLC; Agilent 1100) in combination

with HRMS-TOF (high resolution mass spectrometry based

on a time-of-flight principle; Micromass LCT) operated in
the negative electrospray mode. Levoglucosan, mannosan,
and galactosan were identified on the basis of retention time
and mass spectra of authentic standards. The limit of quan-
tification of the current method is 30 pg at a signal-to-noise
ratio of 10.

2.5 Source apportionment of EC and OC

Source apportionment of fossil and wood-burning EC
(EGiossih EGwood), as well as fossil and non-fossil OC
(OCossil, OChonfossi) is based on determination of EC, OC
and TC concentrations andC isotopic ratios £y (OC),
fm (EC)) (Szidat et al., 2006). EC is distinguished into
ECiossii and EGyoogr OC is separated into Qggsii and
OChonfossiy Of which the second fraction comprises QC
and OGyoog. In order to differentiate between the latter two
sources, OGoog IS estimated using two independent tech-
iques, namely Egooq and levoglucosan measurements us-
Ig average emission ratios for residential wood burning in
fireplaces (i.e., (OC/EGpod as given by Szidat et al. (2006)

and (OC/levioog as discussed in Sect. 3.4). @Eis deter-
mmined by subtraction of Ofgog from OGhonfossit

In order to allow for the multitude of possible combina-
tions of parameters, an effective statistical approach known
as Latin-hypercube sampling (LHS) was used, which is com-
arable to Monte Carlo calculations. Details of this proce-
dure are given by Gelengeset al. (2007). In brief, central
values with low and high limits are associated to all uncertain
input parameters (Table 2). These factors are combined using
a simplified approach of LHS applying the software available
athttp://people.scs.fsu.edwurkardt/f src/ihs/ihs.htmlDue
lép the paucity of information on the input factors, parameters
are assigned equally between the low limit and the central
value and between the central value and the high limit. All
valid combinations of parameters (i.e. excluding those pro-
ducing negative contributions) are condensed in frequency
distributions of possible solutions.

www.atmos-chem-phys.net/9/1521/2009/
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Ambient carbonaceous particles are assumed as a mixture
originating from sources with pure isotopic signals. The fol- |, - . .,  asE=sls
lowing fjs figures have been applied for pure fossil, bio- =g
genic, and wood-burning sourcesi fossi=0, fi bio=1.055,

S .wood=1.16£0.05. The values of the contemporary car-
bon sources fur.vioc and far.wood), Which are elevated com-
pared to the theoretical modern level of 1 due to the nuclear- | 4
bomb excess, are updated compared to earlier studies (Szidai |/
et al., 2004a, 2006, 2007)s bio for 2005/2006 was taken '
from the long-term time series dfCO, measurements at
the rural site Schauinsland (Levin and Kromer, 2004; Levin _
et al., 2008), far.wood represents the integral signal of 30— a)
50-year-old trees which were harvested in 2004 based on a e
tree growth model (Lewis et al., 2004; Mohn et al., 2008).  mgr i o
For the source apportionment of the sub-fractions of OC, & s 45e 5300 goun 15ee
fm(WINSOC) was measured directly an,(WSOC) was
determined by concentration-weighed balancing of isotopic
values of WINSOC and OC. These fractions were distin-
guished between fossil and non-fossil origin without further
analysis of the latter portion into wood-burning and biogenic
sources due to highly uncertain WINSOC/OC emission ra-
tios.

27 Feb 2005 s

3 Results and discussion

3.1 Airmass origin o
Height [m ael] .
10-days FLEXTRA back trajectories (Stohl and Seibert, | et 500 oo
1998) with a time resolution of 6h were analyzed for the
rural site R0 during the campaign. Due to the proximity of
both locations and the simple topography of the landscape,
aerosol contributions from long-range transport are assumed
equal for the two sites with additional contributions of local
sources, urban and rural, respectively. The borderline of re-
gional sources is more complex due to local wind patterns
in the Gteborg area which may occur due to the proxim-
ity to the coast and moderate surrounding hills (Klingberg
et al., 2009). However, during stable weather conditions,
prevailing wind directions and air mass origin at the sam-
pling sites were similar for several days, hence the main
source regions can be deduced for the sampling periods as
presented in Table 3. The accuracy of this source region
analysis suffers somewhat from the uncertainties of the back
trajectories (Stohl and Seibert, 1998). Furthermore, unsta-
ble weather conditions resulted in a mixture of air massesFig. 1. Examples of FLEXTRA ten-days back trajectories (Stohl
Such episodes, which were more frequent during the sumand Seibert, 1998) for air masses reachirt,Rwhich originate
mer campaign, were identified by divergence of trajectoriesfrom the North Atllantic.Ocea(a), North Scandinavié), and East-
arriving at different heights. Due to these limitations, the &M Europe(c) during winter 2005.
main source regions summarized in Table 3 have to be re-
garded with some caution. Typical 10-days back trajectories
are shown in Figs. 1 and 2. north of Gdteborg, and Central/Eastern Europe, respec-
For the winter campaign, the air masses frequently arrivedively. Air masses from the Atlantic Ocean are likely
from western, northern, and eastern directions, transportto consist of rather clean marine air, while air masses
ing particulate matter from the Atlantic Ocean, Scandinaviafrom the eastern sector are likely to contribute significantly

15 Feb 2005 . o
12:00 i

c_) .

Height (m asl)

500 1500 2500 3500 4500 5500 8500 7500
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22 Jun 20086 i
12:00
a) . -
Height (m asl) . "
|
L 500 1500 2500 I500 4500 5500 8500 7500 NILU
30 Jun 2008 g T RA&
s 500 m
&1000 m
1500 m
[
Height (m asl) .. !
|
L 500 1500 2500 I500 4500 5500 8500 7500 NILU
03 Jul 2008 e T R&S
4 500 m
&1000 m
w1500 m
Height (m asl) '
|
L 500 1500 250C¢ 3500 4500 5500 6500 7300 7NILU

Fig. 2. Examples of FLEXTRA ten-days back trajectories (Stohl
and Seibert, 1998) for air masses reachiri,Rvhich originate
from UK/North Sea/Denmarka), Scandinavigb), and the Baltic

Sea(c) during summer 2006.

more to the aerosol loading at the two sites.

masses originating from Scandinavia. The sample collected
in the intermediate period, 18—-25 February, was influenced
by both source regions. The summer campaign was charac-
terized by westerly/south-westerly winds and changing cy-
clonic/anticyclonic conditions. Whereas air from the UK was
transported over the North Sea or the coastal regions of Con-
tinental Europe to Denmark and Sweden during the first part
of the period, the latter was dominated by local Scandinavian
air masses. The periods 20-27 June and 27 June—4 July are
characterized by westerly winds and by Scandinavian air, re-
spectively. During the latter episode, the back trajectory cal-
culations showed that the air masses traveled close to ground
shortly before the sampling site, suggesting a possible con-
tribution from local emission sources.

3.2 Concentrations of carbonaceous particles

For both winter and summer campaigns, Fig. 3 shows TC,
OC (separated for WINSOC and WSOC), and EC concen-
trations, while Table 4 presents corresponding TC concen-
trations and EC/TC as well as WSOC/OC ratios. During the
winter campaign, the TC concentration (2.1-8¢m3) at

the urban site was approximately a factor of two higher com-
pared to the rural site. The mean EC/TC ratio was only
slightly higher at the urban site (0.30.04) compared to
the rural site (0.240.01), whereas the WSOC/OC ratio was
substantially higher at the rural site (060.05) compared

to the urban site (0.480.06). For summer, the TC concen-
tration at Femman was 2.2-3:0 m—3 and, therefore, com-
parable to the winter measurements. However, the EC/TC
ratios were substantially lower during summer (@-D704),
whereas WSOC/OC ratios were similar for both seasons.

3.3 Results of*C analysis

Table 4 shows the modern carbon fractigiy( see Sect. 2.3)
of EC, OC, WSOC and WINSOC. In wintefy, (EC) was
substantially lower for the urban site (04#4@.03) compared

to the rural site (0.320.05), showing a higher relative con-
tribution of fossil fuel sources to EC at the urban site, which
most likely is attributed to the influence of vehicular traffic
as discussed in detail below. For the wintét; isotope sig-
nals of OC and its sub-fractions were identical within uncer-
tainties between both sites and average valueg§o(OC),

fu (WINSOC), andfy( WSOC) were 0.70, 0.54, and 0.83,
respectively. The averag8, (EC) was similar during sum-
mer and winter for the urban site, howevgy; (EC) showed
higher variability during summer compared to winter. Con-
centrations of total EC and E&gsjj were higher by a factor
of 2.4 and 3.1, respectively, at the urban site compared to

As listedthe rural site, whereas Egog Was about the same level at

in Table 3, the samples collected during the periods 11-the two sites or even moderately increased at the rural sta-
14 February and 14-18 February were influenced by Cention. This implies that the spatial variability of wood-burning

tral/Eastern European air masses, whereas the sample camissions between the two sites (and, probably, in the whole
lected from the 25 February—4 March was affected by airregion) during winter are moderate, whereas the contribution

Atmos. Chem. Phys., 9, 1521535 2009
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Table 3. Source regions of air masses reachiré Rccording to FLEXTRA ten-days back trajectories (Stohl and Seibert, 1998). Typical
trajectories are shown in Figs. 1 and 2.

Sample Period Wind direction Source regions
11-14 Feb 05 11-12 Feb W/NW Greenland, Atlantic Ocean
13-14 Feb E/NE Central Europe, Baltic states
14-18 Feb 05 14-17 Feb NE Ukraine, Russia, Finland
18 Feb W Atlantic Ocean
18-25 Feb 05 18-19 Feb WINW Atlantic Ocean
20-21 Feb N/NE Arctic Ocean, Scandinavia
21-25 Feb E/NE Ukraine, Russia, Finland
25 Feb—04 Mar 05 25 Feb-04 Mar N/NE Arctic Ocean, Scandinavia
13-20 Jun 06 13-14 Jun W/SW UK, North Sea, Denmark
15-17 Jun variable Scandinavia
18-20 Jun W/SW UK, North Sea, Denmark
20-27 Jun 06 20-27 Jun W/SW UK, North Sea, Denmark
27 Jun—4 Jul 06 27 Jun-2 Jul variable Scandinavia
2-4 Jul SISE Baltic Sea (coastal and open sea)
4 : 4
| g BWSOC
. H &y N .
3t ; . [ § ¢4 (fossil) Lo {3
— ‘NN N SWS0G : —
“ PN N o (non-fossil) &
E : § CN | mwiNsoc £
22y PNR I P 1 (fossi) 122
o : Il DN u 8WINSOC °
= : §§ : §§ g (non-fossil) | =
1} =By 5§ | mEC - 11
; Ig 5 |§ I 5 (fossil :
1 E Bl . BEC
. 1 | (wood) .
07 Feb 14 Feb 21 Feb 28 Feb 12 Jun 19 Jun 26 Jun 03 Jul
Date of 2005 Date of 2006

Fig. 3. Contributions of fossil and non-fossil sources to EC and OC during winter 2005 (left) and summer 2006 (right). Results from the
rural site R are only available for winter 2005 and are indicated by “R”. Vertical lines mark beginning and end of aerosol sampling.

of fossil sources to EC strongly depend on the urban vs. ru WINSOC concentrations amounted to 2.1, these ratios were

ral site characteristics. During summer, EC concentrationsl.6, 1.4 and 1.3 for non-fossil WINSOC, fossil and non-

were about half of that observed in winter level with small fossil WSOC, respectively. Consequently, fossil WINSOC

wood-burning contributions. is the sub-fraction of OC that is influenced the most by

the urban environment, while fossil WSOC and, thus, fos-

Figure 3 shows OC concentrations divided into water-sil SOA seems to be more regional in character. For summer,

soluble and water-insoluble organic carbon, which havethe composition of OC was comparable to winter at the ur-

been separated with respect to fossil and non-fossil sourcegan site with the exception that the water-soluble vs. water-

The WSOC fraction was dominated by non-fossil sourcesinsoluble distribution for fossil OC was shifted to WSOC for

for all samples with an average non-fossil contribution of summer.

70%, which did not differ significantly between the sites

and seasons. WINSOC comprised a similar fossil and3.4 Levoglucosan measurements

non-fossil content with average non-fossil contributions of

47%, 51%, and 56% fi;: 0.52, 0.56, and 0.61) for ur- The monosaccharide anhydrides levoglucosan, mannosan

ban/winter, rural/winter, and urban/summer conditions, re-and galactosan were analysed, whilst only the mean con-

spectively. Figure 3 indicates that the urban vs. rural dif-centration of levoglucosan is reported here (Table 4, Fig. 4).

ference during winter were more pronounced for WINSOC Levoglucosan was the most abundant isomer regardless of

than for WSOC: whereas the urban/rural ratio of fossil site and season, accounting ford68% of the sum of the
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Table 4. TC concentrations, EC/TC as well as WSOC/OC ratifyg, determinations and concentrations of levoglucosan (lev)y,NG®
well as CO at the urban and the rural site during winter 2005 and summer 2006. All values are presented with combined measurement
uncertainties (&).

Sample TChgm™3] EC/TC  WSOC/OC fu (EC)  fuy (OC)  fyr (WINSOC) fur (WSOC) Levgm 3] NOx[ugm=3] CO[mgm 3|
Winter, urban

11-14 Feb 05 240.1 0.28£0.04 0.44:0.06 0.14-0.03 0.74-:0.02  0.620.02 0.82:0.05 0.08 24 0.06
14-18 Feb 05 3.1+0.2 0.31#0.04 0.55:0.06 0.15-0.02 0.620.02  0.52:0.02 0.79:0.05 0.0% 37 0.08
18-25 Feb 05 3.240.2 0.35:0.05 0.51#0.06 0.080.01 0.63:0.02  0.46:0.01 0.86:0.05 0.06 46 0.12
25 Feb—4 Mar 05 3:460.2 0.22:0.03 0.42:0.06 0.1#0.01 0.620.02  0.45:0.01 0.98:0.08 0.07 62 0.11
Average 3.60.7 0.30t0.04 0.480.06 0.12:0.03 0.68:0.04  0.52:0.10 0.85:0.09 0.06-0.01 4216 0.09:0.03
Winter, rural

14-18 Feb 05 1.8+0.1 0.24:0.03 0.65:0.06 0.42:0.06 0.68:0.02  0.55:0.04 0.75:0.05 0.02 - -
18-25 Feb 05 1.940.1 0.25:0.03 0.570.06 0.35:0.03 0.74:0.02  0.520.02 0.820.04 0.05 - -
Average 1.80.1 0.24£0.01 0.6%0.05 0.3%0.05 0.7#0.04  0.56:0.02 0.81:0.08 0.04-0.02 - -
Summer, urban

13-20 Jun 06 290.2 0.13:0.02 0.43:0.06 0.13:0.02 0.73:0.01  0.68:0.01 0.86:0.03 0.01 28 0.38
20-27 Jun 06 2:20.1 0.17:0.02 0.62:0.06 0.120.03 0.780.01  0.64:0.01 0.82:0.03 0.03 19 0.35
27 Jun—4 Jul 06 3:00.2 0.26£0.02 0.54:0.06 0.05:0.02 0.590.01  0.52:0.01 0.65:0.02 0.01 44 0.31
Average 2.%0.4 0.170.04 0.530.10 0.12006 0.7¢:0.10  0.610.08 0.780.11 0.02:0.01 30t12 0.35£0.04

* Note that sampling was performed simultaneously at both sites.
# Averaged from daily measurements, which ended on 2 March (see Fig. 4).

of 20) than for ®teborg. The less evident seasonal vari-

o 100 P ‘ : ‘ %0 ation observed in @teborg is attributed to the low levels of

§, 120 4 L 120 levoglucosan in winter, while summertime levels are equal to

% those reported by Zdrahal et al. (2001) and Yttri et al. (2008).

g 80 1 - 80 The mean concentration of levoglucosan observed at the

2 urban site in Gteborg is in the lower range of what has

e 407 40 been reported for other majot 600 000 inhabitants) cities

- 0 E : : : : 0 in Scandinavia during wintertime sampling, i.e. Copenhagen
07 Feb 14Feb o1 Feb 28 Feb 07 Mar (Oliveira et al., 2007), Helsinki (Saarnio et al., 2006; Sil-

lanpaa et al., 2005) and Oslo (Yttri et al., 2005, 2008) (see
Table 5). The difference is even larger when compared to
small Scandinavian towns<Q0 000 inhabitants), for which

Fig. 4. 24-h mean concentrations of levoglucosan for the urban h . l | b 0.2
site during the winter campaign 2005. The vertical lines mark thet e meangconcgntratlons orlevogiucosan range etween al
2 (Yttri et al., 2005; Hedberg et al., 2006; Glasius

time periods during which aerosol filter samples were collected for0-9ugm ) ) ‘
subsequent’C analysis (see Fig. 3). et al., 2008). Considerably higher concentrations of levoglu-

cosan are reported even for cities in Continental and Southern

Europe such as Amsterdam, Duisburg, Oporto and Prague
three isomers, followed by mannosan £28) and galac- (Sillanpga et al., 2005; Oliveira et al., 2007) (Table 5). It
tosan (%2%). The relative contribution of levoglucosan is should be noted though that the levels presented by Sééanp
in the lower range of what has been reported previously foret al. (2005) were obtained during episodes with severe air
European sites (e.g. Zahal et al., 2001; Pashynska et al., pollution. Possible explanations to the lower levels of lev-
2002; Yttri et al., 2005, 2008; Szidat et al., 2006). oglucosan observed ind&eborg might be the state of com-

A mean concentration of 830 ng nt 3 levoglucosan was bustion technology, the nature of the appliances used, and
observed at the urban site Femman ist&org during win- the extended use of district heating, as the production of
tertime sampling (Table 4). Concurrent measurements of levl€voglucosan is reduced for higher combustion temperatures
oglucosan at the rural site2B showed a somewhat lower (Schmidletal., 2008).
mean concentration (320 ngnT3). The mean concentra- A wide range of levoglucosan-to-OC emission ratios has
tion observed at the urban site in summer<11 ng nT3) been reported for various types of softwood and hard-
was more than three times lower than the concentrationsvood (Fine et al., 2002a; Simoneit et al., 1999). Further,
observed in winter. Increased concentrations of levoglu-levoglucosan-to-OC emission ratios have typically been es-
cosan in winter compared to summer has previously been retablished for US tree types (Fine et al. 2001, 2002a, b, 2004)
ported by Zdrahal et al. (2001) for Ghent (Belgium), Szidat etusing US appliances, which may not be applicable to Eu-
al. (2006) for Zurich (Switzerland), and Yttri et al. (2008) for rope. Fine et al. (2002a) found that the levoglucosan-to-OC
Elverum (Norway), although more pronounced (up to factoremission ratio ranged from 113-191 mig'gfor ten regions

Date of 2005
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Table 5. Concentrations{g m—3) of levoglucosan (lev) and monosaccharide anhydrid&g4, i.e. sum of levoglucosan, mannosan and
galactosan) reported for European urban areas during wintertime.

Study Site Category n Date Size Lev SMA
Zdrahal et al., 2002 Ghent (Belgium) Urban background 8 1998 (Jan-Mar) 19PM 0.48 0.56
Paschynska et al., 2002 Ghent (Belgium) Urban background 9  2000/01 (Nov-Mar)19 PM 0.42 0.51
Yttri et al., 2005 Oslo (Norway) Urban background 24 2001 (Nov-Dec) 1M 0.1740.15 0.240.19
Elverum (Norway) Urban background 25 2002 (Jan-Mar) 18M 0.41+£0.22 0.530.28
Sillanpaa et al., 2005; Amsterdam (NL) Urban background 14 2003 (Jan—Mar) o2PM - 0.36+0.25
Saarikoski et al., 2008 Duisburg (Germany)  Urban background 14 2002 (Oct-Nov) 25PM  — 0.23:0.13
Helsinki (Finland) Urban background 15 2002 (Mar—May) £ - 0.08+0.07
Prague (C2) Urban background 13  2002/03 (Nov-Jan) >BM - 1.32+0.50
Hedberg et al., 2006 Lyck#e (Sweden)  Urban background 15 2002 (Jan—Mar) 1M 0.90 -
Saarnio et al., 2006 Helsinki (Finland) Urban background 9 2004 (Jan—Feb) >5PM - 0.25+0.14
Kotka (Finland) Urban background 20 2005/06 (Nov—May) & - 0.040.04
Szidat et al., 2006 Zurich (Switzerland)  Urban background 2 2003 (Feb) 10PM0.62+0.16 -
Sandradewi et al., 2008b  Zurich (Switzerland)  Urban background 7 2006 (Jan) 1 PM31+0.16 0.410.21
Oliveira et al., 2007 Oporto (Portugal) Urban background 28 2003 (Nov-Dec) 10PM0.12+0.08 -
Roadside 28 2003 (Nov-Dec) AW 0.17+£0.10 -
Copenhagen (DK) Urban background 27 2004 (Feb—Mar) 1M 0.06+£0.04 -
Roadside 27 2004 (Feb—Mar) Ry 0.11+0.06 -
Glasius et al., 2008 Vindinge (Denmark)  Urban background 10 2005 (Feb—Apr) »5PM).1740.09 -
Residential 10 2005 (Feb—Apr) RPM 0.31+0.24 -
This study @teborg Urban background 22 2005 (Feb—Mar) M 0.06:0.03  0.09:0.05
R& Rural 2 2005 (Feb—Mar) PM  0.04+0.02 -

HECwood BMECfossi @OCfossi BOCbio EOCwood For Scandinavia, Yttri et al. (2008) found levoglu-
15 15 cosan/OC emission ratios of 8.9% (likely range 7.1-12%)
for PM2 5 and 6.7% (range 5.6-9.1%) for Rd) in an area
almost exclusively influenced by residential wood burning.
That study accounted for the positive sampling artifacts of
OC and so likely produced higher levoglucosan/OC ratios
than are applicable for our work. By allowing for this dif-
ference between both studies and considering other studies,
we chose a levoglucosan/OC emission ratio of 10% (range
7.2-18%). This is equivalent to (OC/lg¥hg of 10 (range
5.5-14), which is used in this work (Table 2).

0.5

OC, EC [ug m™]

0.0 : :
Goteborg/winter Rao6/winter Goteborg/summer
3.5 Source apportionment results

Fig. 5. Average concentrations of different carbonaceous particle
fractions for the three campaigns. Uncertainty bars represent 10 an@fable 6 gives concentrations of EC and OC distinguished
90 percentiles from LHS calculations. Results of the single filtersinto different sources. Figure 5 presents averages for the
are shown in Table 6. three campaigns. The determination of#&G and EGyood
as well as O@ssil and OGonfossiliS based ort*C analysis
covering the entire US, when normalizing with respect to lo- (see Sect. %;15)' For the separation OfrfgHfossiiNto OGuood

nd OGjo, ~*C and levoglucosan measurements were used

cal tree types and appliances used. Thus, levoglucosan ac-

counted for 14:2% of the fine OC emission. Emission ratios Icnaéﬁg?elga\f\l,ﬁﬂ' L|:|r 2 ea:gzzgzg]:}'gsinoéézfsg ;gﬁg\jﬁi V\:%rre
for European tree types are scarce. Puxbaum et al. (2007) r%om lex parameter combinations and as .mr.netric con?iden—
ported a levoglucosan-to-OC-ratio (R of 14% based on piex p y

test burns of beech (7.9%) and spruce (20.6%). Considerin jal bands. These ranges represent the prot?ability -dist_ribu-
these European studies (and accounting to some extent f 1on (10 and 90 percentile) of that component's contribution,

the high values found in Hedberg et al., 2006), Simpson efndicating the most-likely value for each component and its

al. (2007) suggested a central-estimate of 13%, ranging beg;eggllon' LHCS: \gﬁg lees%eﬁlaclg/ Zilgﬁzlafb(l); t_f;zge;rdnl:tago:
tween 6.5 and 26%. ood- voglucos indep sti-

mations of this source. However, both approaches require

www.atmos-chem-phys.net/9/1521/2009/ Atmos. Chem. Phys., 9, 15352009



1530 S. Szidat et al.: Fossil and non-fossil sources of OC and E@tebGrg

Table 6. Concentrationsy{(g m—3) of different carbonaceous particle fractions. Distributions from Latin-hypercube sampling (LHS) calcu-
lations (Gelenadar et al., 2007) are given as medians with 10 and 90 percentiles. For averages see Fig. 5.

Sample EGossil ECwood OCossil OCuwood OGhio
Winter, urban
11-14 Feb 05 0.51(0.40, 0.61)  0.07 (0.04,0.08) 0.53 (0.40,0.65) 0.53(0.38, 0.67) 0.46 (0.23, 0.67)

14-18 Feb 05 0.83(0.65,0.99) 0.12(0.09,0.16) 0.88(0.68,1.05) 0.65(0.43,0.84) 0.61(0.28, 0.90)
18-25 Feb 05 1.02 (0.80,1.22) 0.08(0.03,0.10) 0.94(0.77,1.09) 0.55(0.38,0.67) 0.61(0.32,0.86)
25 Feb-04 Mar 05 0.88(0.68,1.04) 0.09(0.07,0.14) 1.07(0.83,1.26) 0.65(0.47,0.83) 0.91(0.61,1.19)
Winter, rural

14-18 Feb 05 0.27 (0.20,0.32) 0.15(0.11,0.18) 0.55(0.43,0.65) 0.49(0.23,0.72) 0.34(0.07, 0.59)
18-25 Feb 05 0.33(0.25,0.38) 0.14(0.10,0.17) 0.50(0.38,0.61) 0.65(0.44,0.82) 0.29(0.06, 0.51)
Summer, urban

13-20 Jun 06 0.34(0.26,0.38) 0.04(0.03,0.09) 0.87(0.64,1.07) 0.19(0.09,0.26) 1.47 (1.25,1.68)
20-27 Jun 06 0.32 (0.24,0.37) 0.06(0.02,0.07) 0.56(0.37,0.70) 0.33(0.22,0.40) 0.94(0.75,1.12)
27 Jun—04 Jul 06 0.57 (0.45,0.66) 0.02(0.00,0.06) 1.13(0.93,1.29) 0.14(0.09,0.18) 1.14(0.96, 1.29)

* Note that sampling was performed simultaneously at both sites.

OC-to-tracer emission ratios from laboratory studies, whichthe winter campaign, the urban impact is more pronounced
often show high variabilities. In order to improve the relia- for the urban site compared to the rural site, as seen from
bility of OCwoog, results of both approaches were combinedthe higher carbonaceous aerosol concentration and a higher
using LHS. The broad distributions of Qgog (and OGjo EC/TC ratio. Furthermore, the contribution of fossil sources
accordingly) originate mainly from uncertainties of the input is relatively larger at the urban site as shown by the EC frac-
parameters. Furthermore, considerable differences betweeron, which originates nearly exclusively from fossil sources.
the 14C and the levoglucosan approach occurred for a fewThe rural characteristics of thed® site gives rise to a sub-
samples: for 11-14 February at Femman and 14-18 Februstantially higher relative importance of wood burning, which
ary at R, 90% confidential bands of both approaches didis indicated by the elevated contributions of Qgq and
not overlap. The reasons for this large difference remain unEC00q (Fig. 6). However, the absolute concentrations of
clear. Major uncertainties may derive from variable tracer-wood burning aerosols (see Fésq levels in Table 6 and
to-OC emission ratios for both, levoglucosan dfi€, due  Fig. 5) seem to be elevated only moderately at the rural com-
to spatially and temporarily changing burning and emissionpared to the urban site.
conditions. Furthermore, method-dependent differences be- The presence of Qg during winter is consistent with
tween sites or seasons cannot be excluded as well, especialisiodel calculations suggesting that biogenic SOA can be
for the separation of OC and EC (Penner and Novakov, 1996formed in Scandinavia in the cold season (Simpson et al.,
Szidat et al., 2004c), which is necessary for the estimation 0£007), even if both approaches, #€/levoglucosan method
OCuwood With 14C. As shown in Table 6, typical uncertainties and current modeling calculations, result in highly uncer-
(90% confidence) amount to 20% for the separation of ECtain estimations of biogenic SOA concentrations for winter.
into EGossil and EGyood as Well as for OC into Ofgssiiand ~ However, the value for Og, may be overestimated due to
OChonfossit Whereas they are higher for the determination of the fact that the determination of Qgyq is based on labo-
OGhio and OGyood: for OCuood, Uncertainties reach 30-50%, ratory emission ratios (i.e., (OC/Efgbd and (OC/levood),
which result in uncertainties for Qfg of 20% for summer  which mainly consider primary particle formation. Grieshop
and >30% for winter. For RO, the uncertainty ranges are et al. (2008) demonstrated in smog chamber experiments
much larger than for Femman. Thus, the source allocationhat wood-burning SOA (SQfvod) May reach up to sim-
for Femman seems much more robust than that &ir. R ilar levels as POA from the same source, which also was
found as an upper estimate for winter aerosol at Zurich by
Lanz et al. (2008). Consequently, S¢4g may have con-

4 Discussion tributed to OG;j, at least partially. Nevertheless, the pres-
ence of OGj, during winter is still evident based on mea-
4.1 Local and seasonal intercomparison surements offy/(EC), fur (WINSOC), andfy, (WSOC) for

the last winter sample at Femman (25 February—4 March)
Source apportionment of the carbonaceous aerosol from Taas discussed below. This is verified by an upper estimate
ble 6 is summarized in Figs. 5 and 6 and compared to preof SOAy00q from the data in Table 6: for the simultaneous
vious results from Zurich, Switzerland in Fig. 7. During sampling episodes, average g4IOCyood ratios amounted
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a) Goteborg/winter

ECwood

OCwood :|

ECfossil
OCnonfossil
OCbio %
OCfossil
b) Rad/winter
ECwood
OCwood %Cfossil
OCnonfossil
OCbio OCfossil

c) Goéteborg/summer

OCwood ECwood

ECfossil
OCnonfos( <|

OCbio
OCfossil

Fig. 6. Relative contributions of Efgssil, ECyood: OCiossils and
OChonfossil (differentiated into OGood and OGyjggenio to TC for
(a) urban site ®teborg/winter,(b) rural site Rd/winter, and(c)

urban site Gteborg/summer.

www.atmos-chem-phys.net/9/1521/2009/

a) Zurich/winter
ECwood

OCwood ECfossil

D

OCnonfossil
% OCfossil
OCbio
b) Zurich/summer
ECwood
OCwood
ECfossil
OCnonfossil ’

OCfossil
OCbio

Fig. 7. Relative contributions of Efgssil, ECunoods OCossil» and
OChonfossil (differentiated into OGood and OGjogenio to TC ac-
cording to Szidat et al. (2006) fofa) Zurich/winter (February
2003),(b) Zurich/summer (August 2002).

to 0.6 and 1.0 for B and Femman, respectively; even if one
assumes Ofj, completely to be composed of SQéyq for
the rural site, at least 40% of Qg actually remain as bio-
genic emissions for the urban site.

Comparing the results from the wintertime sampling in
greater @teborg with that reported for Zurich (Figs. 6 and
7), we found that the similarities were most pronounced for
the rural site outside @eborg rather than for the urban site.
These similarities were related to the EC/TC ratios, fossil
contributions, and Efoog. We assume that the different
histories of the air masses might cause this effect: whereas
Goteborg is influenced by relatively clean air from marine
or low-populated land areas, the air masses entering Zurich
have traveled over moderately-populated regions with a rural
character carrying aerosols that are accumulated over sev-
eral days. Consequently, the local urban impact is better de-
tectable at Gteborg.
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OGio is the dominating source both in greatedt€borg  EC was found to be nearly exclusively from fossil sources,
and in Zurich during summer. In contrast to winter, the sig- which was observed for Zurich as well (Szidat et al., 2004a).
nificant existence of this fraction is unquestionable for sum-Moreover, 1“C levels of OC, WINSOC, and WSOC were
mer. For Zurich, OC was shown to originate mainly from lower as well and NQconcentrations were higher compared
biogenic SOA with minor contributions from primary bio- to the other two summer samples, reflecting the importance
genic OC (Szidat et al., 2004a, b), and the model calculation®f the local urban emissions from fossil sources for this sam-
for Nordic sites by Simpson et al. (2007) would suggest aple. In particular, the~40% fossil fraction of WSOC - a
similar preponderance of SOA also for thétéborg region.  proxy for fossil SOA —is remarkable, as it is twice as high as
As a consequence of this additional summertime OC sourcefor Zurich (Szidat et al., 2004a, 2006).

EC/TC ratios are reduced compared to wintertime.

4.2 Influence of air mass origin 5 Conclusions

During the winter campaign, the first two samples (i.e., 11_Partlculate matter was collected at the urban site Femman in

14 and 14-18 February) experienced air from Central anonteborg, Sweden, for a summer and a winter period. Con-

Eastern Europe. These are characterized by higher value rrent measurements were performed at the rural séi, R

for fur (EC) andfy (WINSOC), indicating a larger impact b5 km south oft(_étlet;orgt,_duriré%thgcv:vir\};tﬁ'r\lgzri((:)d. T:(\ENCSagC
of EC and probably also of primary OC from wood burn- onaceous particie fractions EL, ' »an

ing. Aerosols in the last sample (25 February—4 March)Were sequentially separated from the filters by water extrac-

were associated with air masses from Northern Scandilion @nd oxidation**C/*“C isotopic ratios were determined

navia. This sample showed lower values §a§ (EC) and as fractions of modern carborf¢) and fossil vs. non-fossil

11 (WINSOC), reflecting the increased urban influence of sources were apportioned_for every fraction. Separate deter-
local fossil emissions for EC and primary OC, which were mination of the wood burning aerosol tracer compound lev-
corroborated by high concentrations of NOOn1 the other oglucosan made it possible to refine the contribution of this

hand, fy (WSOC) is nearly on the contemporary level, source using LHS calculations. The main results are:
which means that SOA is marginally formed from fossil
VOCs. This observation indicates presence of biogenic SOA,
which has already been suggested for Pittsburgh during win-
ter by Subramanian et al. (2007). Other possible contem-
porary sources are quite unlikely for the last sample (25
February—4 March): a) the effect from wood burning is small
as revealed by the lovfy, (EC), which entails low EC, POA,
and SOA emissions of this source. b) in contrast to our ob-
servations, cooking emissions should be detectable by high — In winter, the mean concentration of F&g at the ru-
values for f); (WINSOC) rather than forfy; (WSOC), as ral site (0.15.g m~3) was slightly higher than that of
typical cooking tracers like fatty acids and cholesterol (Sub- the urban site (0.08gm3), whereas the concentra-
ramanian et al., 2007) are water insoluble; due to the vicinity tions of EGossii Was considerably lower (0.30y m—3
of many restaurants at the Femman site, however, contribu-  at the rural site compared to 0.88y m~2 at the urban
tions from cooking cannot be excluded totally. site). This implies that the spatial variability of wood
For the summer campaign, the second sample (20-27  burning aerosols is moderate among both sites and high
June) was dominated by westerly/south-westerly winds car-  emissions of fossil EC decrease the relative contribution
rying air masses from the UK and the North Sea over Den- of biomass burning at the urban site.
mark to Gteborg. For this sample, an unusually high ) . o o
fu (EC) value was determined, approximately 2.5 times For winter, air masses originating from Scandinavia
higher than for average summer conditions in Zurich (Szi-  Were characterized by high, values for WSOC (0.98)
dat et al., 2004a). According to MODIS fire magstp: and low fy values for EC (0.11), which suggests the
/Irapidfire.sci.gsfc.nasa.gov/firemapsardly any wild fire abundance of biogenic SOA even in winter.

activity occurred in the source region in the end of June 2006. _ g, summer, fy (WSOC) indicated a relatively high

Two causes may have been responsible for this filgiEC) fossil contribution to SOA £40%) for aerosols at the
value: a) many small midsummer bonfires, which are tradi- urban site, which was of regional origin. This is ap-

tionally lit in Scandinavia during this time without being vis-
ible on MODIS fire maps; b) remains of marine bioaerosols
after the thermal pretreatment as discussed in Sect. 2.2. The
last summer sample (27 June—4 July) experienced air masses
from Central Scandinavia and the Baltic Sea region. Here,

— The urban site was strongly influenced by high relative
contributions of fossil sources in winter, as seen from
the low value of f3; (EC) (0.12). The corresponding
value for R0 (0.39) was more than three times larger
than that observed at the urban site, and comparable to
that reported for an urban site in Zurich (0.31), using the
same methodology.

proximately twice as high as for Zurich. The impact of
wood burning was minor during the summer.
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