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Abstract. Residential wood burning is becoming an in- ferent OA components was observed. The weekdays were
creasingly important cause of air quality problems since itcharacterized by two maxima; a first one early in the morn-
has become a popular source of alternative energy to fossihg and a stronger one in the evening. During the weekend
fuel. In order to characterize the contribution of residen- days, the different OA components principally reached only
tial wood burning to local particle pollution, a field cam- one maximum in the afternoon. Finally, the PAH emitted
paign was organized at the village of Seiffen (Saxony, Ger-directly from residential wood combustion was estimated to
many). During this campaign, an Aerosol Mass Spectrom-represent 1.5% of the total mass of the BBOA factor and
eter (AMS) was deployed in parallel to a RMigh volume  around 62 % of the total PAH concentration measured at Seif-
filter sampler. The AMS mass spectra were analyzed usinden. This result highlights the important contribution of res-
Positive Matrix Factorization (PMF) to obtain detailed in- idential wood combustion to air quality and PAH emissions
formation about the organic aerosol (OA). Biomass-burningat the sampling place, which might have a significant impact
organic aerosol (BBOA), Hydrocarbon-like organic aerosol on human health. Moreover, it also emphasizes the need for
(HOA), and Oxygenated Organic Aerosol (OOA) were iden- a better time resolution of the chemical characterization of
tified and represented 20 %, 17 % and 62 % of total OA, re-toxic particulate compounds in order to provide more infor-
spectively. Additionally, Polycyclic Aromatic Hydrocarbons mation on variations of the different sources through the days
(PAH) were measured by the AMS with an average concen-as well as to better estimate the real human exposure.
tration of 10 ng n3 and short term events of extremely high
PAH concentration (up to 500 ngTd) compared to the mean
PAH value were observed during the whole measurement peg
riod. A comparison with the results from RMilter samples
showed that the BBOA factor and the AMS PAH are good in- gine particulate pollution is suspected to directly affect mor-
d|cat_ors of the jtotal concentration of the d|fferer_1t MONOSac-tajity and morbidity (Pope, 2000; Ostro et al., 2007: Gur-
charide anhydrides and PAH measured on the filter samplegg, ¢t a1, 2010). Identifying the different sources of these
Based on its low correlation with CO and the low car traffic, fine particles is an important challenge in order to better es-
the HOA factor was considered to be related to residentiakjmate their impact on human health. It is well known that

heating using liquid fuel. 'An influence of the time of the qying winter time, residential wood combustion is an im-
week (week vs. weekend) on the diurnal profiles of the dif- horant local source of particles which directly influences
local to regional air quality (Naeher et al., 2007). In the
US, the particulate emission of residential wood combustion
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locations demonstrated that residential wood combustion cannderstand the physicochemical properties of wood combus-
contribute significantly to the total PM mass fraction and/or tion smoke and to improve the estimation of their biological
organic aerosol (OA) fraction at rural and/or urban locations.effects (Bolling et al., 2009; Naeher et al., 2007).
For example, the contribution of residential wood combus- In the context of increasing residential wood combustion
tion to total PM organic fraction was estimated around 37— emissions and their possible effect on human health, an in-
68 % depending on the model used in the city of Grenobletensive field study was performed in the small town of Seif-
(France, Favez et al., 2010), 35-40% in the urban backfen (Saxony, Germany) during the winter 2007/2008 (¥
ground of Zurich (Switzerland, Lanz et al., 2010), 79% in et al., 2010). The goal was to evaluate the impact of res-
the city of Prague (Czech Republic, Saarikoski et al., 2008),dential wood combustion on the local aerosol concentra-
around 50% of the Phy mass in southwestern Germany tion. During winter time, wood combustion is commonly
(Bari et al., 2009), 10% of Pl% in Vindingen (Denmark, used for house heating in Seiffen (Saxony EPA agency data,
Glasius et al., 2008), and 44-57 % of the total mass concenkdschau, 2007). Consequently, it is an important and signif-
tration in wintertime in the size range 25-606 nm in Lycksele icant source of aerosol particles. In this work, special atten-
(Sweden, Krecl et al., 2008). In an overview of central Eu- tion is paid to the characterization of the organic particulate
rope measurements, the estimated contribution of biomaskaction and more specifically to the identification and quan-
burning aerosol to total PMorganic aerosol ranged from tification of the different monosaccharide anhydrides (MA)
17 % to 49 % during winter time (Lanz et al., 2010). and PAH compounds. Measurements of MA and PAH were
For several years, wood combustion has been considereldased on the analysis of 24 h high volume filter samples per-
to be a good alternative to fossil fuel for domestic heating.formed all 4 days. Additionally, in order to follow the diurnal
A pragmatic reason is the increasing price of coal and oil.variation with a high time resolution, an Aerodyne Aerosol
A more strategic motivation is increasing the interest in theMass Spectrometer (AMS) was deployed in January 2008.
development of renewable energy technologies to decreada this study, we used the AMS to investigate the impact of
greenhouse gas emission. This is part of a global policy taresidential wood combustion on local air quality. These mea-
reduce the human carbon footprint. Since the Kyoto Protocokurements were then compared to the analytical results from
has been accepted in 1997, the European Union intends tfilter samples measurements performed simultaneously.
reduce its greenhouse gas emissions by at least 20 % between
1990 and 2020 (EU, 2007). One approach employed to reach )
this goal is to promote wood combustion. For example, in2 Instrumentation
the state of Saxony (Germany), the number of wood stove
(<15 kW) increased by a factor close to 8 between 2002 an

2006 and the consumption of wood for residential heatingrpe sampling location Seiffen is situated in the mid-level

was estimated around 8000 TJ in 2007 (Hausmann, 2010)y,5untain area _Erzgebirge (50°3850' N, 132708’ E
illustrating the renewal of interest for this energy. 647 ma.s.l., approximately 3000 inhabitants) around 50 km
Even though epidemiological observations demonstratedq,thyest of Dresden, Germany. Wood burning is commonly
a direct c'ontrlbutlon of wood smoke to respiratory Systems seq for house heating and represents 32 % of the fuel used
(e.g. Bolling et al., 2009; Naeher et al., 2007; Zelikoff €t 5 ma|l heaters (less than 50kW) and 25% of the larger

al., 2002), the health effects of wood burning particles re- .o (up to 500 kW) (Saxony EPA agency datésthau
main unclear. Although wood burning particles did not cause 7). ,

acute airway inflammatory responses in inhalation experi- tha AMS instrument was installed in a non-heated room
ments .(Sehlsted_t et al., 2010), the aqthors also reported fnean temperature 2€) located at ground level in a house
protective adaptive response of the distal lung. This CoNw;yated in the centre of the village of Seiffen. To limit con-
firms that wood combustion particles play a relevant role iy, iion of direct traffic emissions, the AMS was installed
for indoor as well as outdoor particle exposure in areas ing; 5round 200 m away from the main street of the village.
which such combustion processes take place. As other comrpo AMS was sampling through a RMinlet around 2.5m
bustion processes, wood burning emissions contain a variety, e ground level. It is important to mention that the ambi-
of toxic pollutants and are thus expected to exert adverse efan; erosol was not dried prior to its injection into the AMS.

fects upon human health. Different studies linked the CON-pqditional filter sampling, gas monitoring and meteorologi-

tribution of wood combustion to an increase in troubles of ., parameters were performed in front of the house around
the cardiovascular system and/or respiratory system (Naeheyqg , away from the AMS sampling line.

et al., 2007; Jalava et al., 2010). Several components emit-
ted by wood combustion (e.g. Polycyclic Aromatic Hydro-
carbons (PAH)) are considered to be carcinogenic and mu-
tagenic agents (Bogim et al., 2002; Lewtas, 2007). Never-
theless, the relation between particle emissions, composition
and toxicity is extremely complex and there is a need to better

?.1 Sampling station Seiffen
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2.2 Instrumentation sults were calculated using the following relative ionization
efficiency (RIE) values: 1.4 for organics, 1.2 for sulfate,
2.2.1 Real time particle characterization 1.1 for nitrate, 1.3 for chloride, and 4 for ammonium

(Canagaratna et al., 2007).

In order to provide highly time-resolved measurements for
chemical particle composition, an Aerodyne High Resolution2.2.2 Off-line measurements
Time of Flight Aerosol Mass Spectrometer (HR-ToF-AMS,
here simply referred to as AMS, DeCarlo et al., 2006) wasEvery 4 days and during 24 h from midnight to midnight (a
deployed from 10 January to 2 February 2008. The AMStotal sampling volume 720%#, PM; particles were sampled
allows two alternative detection modes: one to measure theising a Digitel DHA-80 high volume sampler (Digitel Elek-
particle size distribution (PTOF-mode) and one to measureronic AG, Hegnau, Switzerland) and collected on pre-heated
the chemical composition of the particle (MS-mode). Before 15 cm diameter quartz fiber filters (106, 24 h and then
detection by the time of flight mass spectrometer, the aerosaminimum 48 h at 20C and 50 % RH) (Munktell Filter AB,
non-refractory (NR) components were flash-vaporized byFalun, Sweden). After sampling, the filters were conditioned
impaction on a heated surface (6@) and the vapors were at 20°C and 50% RH for a minimum duration of 48h be-
ionized by an electron impact ionization source at 70 eV. Thefore being weighed by a microbalance Mettler-Toledo (AT
AMS is commonly considered to provide non-refractory near261). According to the analytical method of iRlgemann
PM; (NR-PMy) aerosol mass concentration (Canagaratna etind Rolle (1998), the filters were then analyzed using lon
al., 2007). During the measurement period, the AMS wasChromatography (Metrohm System 690, Switzerland) for the
sampled at a typical time resolution of 5min in “V” mode main water soluble ions (C| sof;, NO3, NHj{, Nat, K*,
collecting approximately 6700 samples (4900 during week-Ca2+ and Md¢t). The Organic Carbon to Elemental Car-
days and 1800 during weekends). bon ratio (OC/EC) was determined using a carbon analyzer

The calculation of the AMS mass concentration requiredtype C-mat 5500 with a NDIR detector (Gnauk et al., 2008).
the estimation of the collection efficiency (CE) of the instru- During the measurements period, several field blank filters
ment. The CE value is known to depend on several paramewere collected. They were analyzed 8 times in the laboratory
ters (Huffman et al., 2005; Matthew et al., 2008), e.g. nitrateand the mean blank values were subtracted from the concen-
content, particle acidity, particle phase (liquid or solid) and tration of the filter samples. The mean blank values (and
relative humidity (RH) in the sampling line. It is considered the corresponding standard deviations) were 8:9087 pgC
that in most of the cases, a CE of 0.5 represents a good asor OC and 1.14t 0.3 ugC for EC. The detection limits were
sumption (e.g. Canagaratna et al., 2007). However, severa.31 ugC n2 for OC and 0.1 pgC m® for EC. In addition, a
authors have reported that CE can increase to 1 when the RBurie Point Pyrolysis Gas Chromatography Mass Spectrom-
in the sampling line is high (Allan et al., 2004; Sun et al., etry (CPP-GC-MS, Neus et al., 2000) was used to identify
2010; Takegawa et al., 2009). As mentioned above, the samand quantify the Polycyclic Aromatic Hydrocarbons (PAH),
pling line was not dried during the present campaign, the outand a High Performance Anion Exchange Chromatography
side RH was around 90 % most of the time and the instrumentoupled to Pulsed Amperometric Detector (HPAEC-PAD)
was installed in a room at around 1®. Therefore, based was employed to measure monosaccharide anhydrides wood
on the difference of temperature between outside and insidesmoke tracers (e.g. Levoglucosan) as previously described by
the lowest values of relative humidity could be expected toEngling et al. (2006) and linuma et al. (2009). Prior to any
range between 30 and 40 % in the sampling line. The parcomparison between the AMS results and the;FMers,
ticles do not instantaneously reach the equilibrium with thethe AMS data were averaged to match the sampling dura-
RH. Several seconds are needed. For example, based on tien of the filter samples. Although the comparison between
comparison of 6 different HTDMAs, Duplissy et al. (2009) AMS and daily PM filters was successfully performed for
suggests that particles have to be dried at least 10s at 15 Hifferent chemical compounds (see discussion below), it is
RH before entering to the first DMA. In our sampling line, important to mention that the precision of the resulting linear
the residence time was estimated to be around 10s. Consgegression slopes is limited by the restricted number of filter
quently, the presence of water on the particles could be exsamples.
pected, suggesting a CE value near 1. The comparison with
the sulfate, nitrate and ammonium concentrations in BM 2.3 Other measurements
ters confirmed this value (see Fig. S1). Thus, a CE value of
1 was applied during the measurement period. Standard meteorological variables (Temperature, RH, atmo-

AMS data were analyzed using the standard data analysispheric pressure, wind direction, and wind velocity) were
software packages (Squirrel version 1.49 and PIKA ver-also measured continuously with a time resolution of 30 min.
sion 1.08), downloaded from the TOF-AMS-ResourcesThe meteorological station was located near the Digitel fil-
webpage littp://cires.colorado.edu/jimenez-group/ ter samplers and the measurements were performed on a
ToFAMSResources/ToFSoftwaye/ The quantitative re- mast of 8 m height which was still under roofs level of the
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Fig. 1. Campaign overview including local meteorological variables (relative humidity (RH), temperature, wind direction and wind velocity
according to a time resolution of 30 min), and time series (5 min time resolution) mass concentration and mass fraction of the main NR-
PM; aerosol components during the AMS campaign. The number of week and weekend referred to the one used for the diurnal pattern
comparison.

surrounding houses. In addition, standard gas phase meéer, respectively. During the periods of high mass concen-
surements of NQand CO (Monitorlabs ML 9830) were per- trations, a small temperature inversion could be detected be-
formed from the same sample place as the weather statiotween Seiffen and the higher situated Mountain Schwarten-
with a time resolution of 30 min. berg (952 ma.s.l.). The temperature inversion corresponds to
a temperature at Seiffen 0.6 colder than the expected neu-
tral stratification between Seiffen and Schwartenberg. The

3 Results cool temperatures and the pollution trapping induced by the

) low winds and the small temperature inversion are thought

3.1 AMS measurements overview to be responsible for the local accumulation of the high mass
concentrations.

Figure 1 provides a basic overview of the local meteorologi- The compositions of the NR-PMmass concentration
;:Oag_:/arlaableselﬁtzm?ﬁ;ax;e, R::gh\év;z?r:tl'roe:tlz? ?ﬁs r\;v':g \Il\le'mainly contained organic aerosol (OA) (40%). The mass
ity) as w S SS lons : Rfraction of sulfate, nitrate, ammonium, and non sea-salt chlo-

components (organics, nitrate, sulfate, ammonium and NOM e were 26 %, 21%, 12 %, and 1%, respectively. As previ-

sea-salt chloride). During winter 2007/08, the temperaturesOusly mentioned, the nitrate, sulfate and ammonium concen-

\f/vefe rat'her mild and rarely d.ropped belo#@ even at Se'.f' trations measured by the AMS agree with the off-line mea-
en’s altitude of 647 m. During thoe AMS sampling per_lod, surements performed every 4 days (Table 1 and Fig. S1).
the mean_temperature was :2.9°C (&1 s_tandard _dewa- However, the total masses provided by the two instruments
tlo_n) ranging from-3.3 to +9.6°C. Ihe aml:_nent relative hu- differed strongly. A possible explanation for this discrepancy
midity had a mean Vf""“e of 8910 %, ranging from 37.7 to is the presence of AMS refractory compounds, e.g. black car-
100%. The w.md mainly blew from two dlrectlong, southeast bon. EC, potassium, calcium, magnesium, and sodium con-
(47 % Of. the tlme_) and northwest (431% of the time), with a centrations measured by filter samples represented approxi-
mean W”Id velocity of 2.02-1.16 m s, ranging from 0 to mately 1 pg ne only and therefore cannot explain the entire
7.58ms=. . . difference. Another reason might be the presence of water
The AMS yielded % range of NR-PMnass co_ncentratlon in the filters that artificially enhances the total mass concen-
from 2.6 tq 8.0ugm®. The periods W'th .the highest mass tration. It is extremely difficult to completely subtract this
cqncentraﬂon were related to a co_mblna_t|on of'southeasterl ater contribution from the total particulate mass measured
winds and low tgmperatures, while periods with thg Ioweri the filters, even if the filters were conditioned for a min-
mass concentrations were related to northwesterly winds an um duration of 48h at 26C and 50% RH before being
warmer temperatures (Fig. 1). These two cases correspond

. . e eighed.
to air masses of more continental and more maritime charac-
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Table 1. Summary of the mean concentratioasl(standard deviation) measured on Pfiter samples and AMS (using the same sampling
time and days than PM(Mass synchronized to PM and for the entire campaign).

| PMg | AMS
Mass Mass synchronized to Mass Mass
(ngm~3) PMy (ug nr3) (mgm3)  fraction (%)
Total 15.18+6.11 5.67+4.86 5.05+4.42
Organics 1.18+0.55" 2.28+1.98 2.02+2.00¢ 40
Nitrate 1.27+0.94 1.18+1.33 1.05+£1.02 21
Sulfate 1.59+0.74 1.43+1.54 1.29+1.33 26
Ammonium | 1.08+0.53 0.68+0.64 0.61+0.54 12
Chloride 0.03t 0.02 0.07+0.06 0.0A0.08 1

* The PM, organics corresponds to the organic carbon (OC) and the AMS organics corresponds to organic mass (OM).

The Organic Mass to Organic Carbon (OM/OC) ratio was
calculated according to the elemental analysis method devel-
oped by Aiken et al. (2007) and Aiken et al. (2008). In agree-
ment with the dominant primary emissions, a mean value
(£ standard deviation) of 1.560.13 was obtained during
the measurements. As our filter samples provided directly
measurements of the OC concentration and as the AMS pro-
vided the OM concentration, using both instruments allowed
us to estimate the OM/OC ratio, too. Using this method, an
OM/OC ratio of 1.93 was obtained. The difference of these
two ratios (1.56 vs. 1.93) might be explained by the uncer-
tainties of each method as well as the limited number of filter
samples (a total of 5 samples).

Our measurements covered 3 full weeks (from Monday
to Friday, named weeks 2 to 4) and 3 weekends (Saturday-
Sunday, named weekends 1 to 3) (Fig. 1). Additionally, as al-
ready mentioned above, the measurements had to be dividec
into periods of high and low particle concentrations (Fig. 1).
Due to the limited number of weekdays and weekends, the
large variations in aerosol concentration can strongly affect
the resulting mean values and therefore the diurnal profiles of
weekdays and weekends. Hence, in the following, the com-
parison of each of the 3 weeks and weekends is performed «~
individually (Fig. 2).

The comparison of the 3 weeks’ diurnal profiles shows
that week 3 and 4 were similar and thereby strongly differ-
ing from week 2 (Fig. 2). Week 2 was characterized by the
highest particle concentrations and did not exhibit clear di-
urnal variations whereas weeks 3 and 4 showed pronounced
diurnal variations of the aerosol compositions (Fig. 2). Dur-
ing these 2 weeks (3 and 4), the organics presented 2 max-
ima: early in the morning around 08:00 and early in the
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evening between 19:00 and 20:00. Chloride concentratiorfig. 2. Diurnal variations of the aerosol composition during week-
presented also a similar diurnal pattern. The nitrate concenends (left) and weeks (right). Week and weekend number referred

tration was lower during day time compared to nighttime, t time periods described in Fig. 1.

which might confirm the influence of nighttime chemistry
and mixed layer height. The sulfate concentration did not
manifest a clear profile over the 3 weeks and ammonium ba-
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Table 2. Summary of the weather conditions (mean valtidsstandard deviation) during each weekdays (Monday to Friday) and weekends
(Saturday—Sunday).

Week 1 Weekend1 Week 2 Weekend 2 Week 3  Weekend 3 Week 4
TemperatureC) 1.5+0.6 0.1+1.0 0.9+0.7 7.7+1.1 2.8+:0.5 3.4+1.4 2.0+0.7
RH (%) 84+ 4 91+2 95+ 2 91+4 83+7 83+7 89+ 3
Wind velocity (m sh 1.66+0.24 14204 1.74:0.2 25+095 2.5+-043 4.36:1.08 1.55-0.32

Main wind direction (frequency) 150 (58%) 150 (64%) 140 (75%) 280 (80%) 280 (90%) 300 (95%) 300 (40 %)

sically followed the mean profiles of the nitrate and sulfate Positive Matrices Factorization method (PMF) developed by
concentrations. The weather conditions in each week are preRPaatero and Tapper (1994) and according to the PMF evalu-
sented in Table 2. While weeks 3 and 4 had similar weathetion Tool (PET), a custom software for solution comparison
conditions, week 2 was characterized by higher RH and aand analysis, developed by Ulbrich et al. (2009). Prior to
different wind direction (southeastern sector during 75 % ofthe analysis, the organic mass spectra matrix and its corre-
the time). Changes in air mass character (more continental agponding error matrix were determined and the error matrix
more maritime) and larger wet depositions and precipitationsvas corrected for minimum error and low signal-to-noise ra-
could explain the differences between the diurnal profiles oftio (see Ulbrich et al., 2009). The contribution of the 320
week 2 and the two other weeks. ion to fragmentsn/z16, 17, 18 and 44 were downweighted

The comparison of the weekends'’ diurnal profiles showsfollowing the procedure described by Ulbrich et al. (2009).
similarities between weekend 1 and 2, even if the aerosolThen, PMF analysis was run using 1 to 5 factors. In a first
concentrations were not the same. These 2 weekends clearstep, the different factor solutions were evaluated using the
differed from weekend 3 (Fig. 2). Weekends 1 and 2 wereQ/Qexp ratio. TheQ value represents the number of the de-
characterized by an increase of organics, sulfate and chloridgrees of freedom of the system. @/ Qexp larger than 1 in-
concentrations during day time, reaching a maximum dur-dicates a possible underestimation of the error or the identify
ing the afternoon. Contrary to this, during weekend 3, all sources cannot fully described the variability of the measure-
concentrations decreased during day, reaching a minimurments. On the other hand,@ Qexp lower than 1 indicates
after 16:00. As before, the weather conditions during these & possible overestimation of the errors of the input (Paatero
weekends are compared in Table 2. The main difference beet al., 2002). The sensitivity to matrix rotation was explored
tween weekends 1 and 2 and weekend 3 is the wind velocityy varying the fPeak from-1 to +1 with steps of 0.1. The
which was highest during weekend 3. This suggests a bettenncertainty of the solution (Seed) was investigated using 100
dilution of the emissions during daytime in weekend 3. In random starting points. Finally, the quantitative uncertainty
the evening, the concentrations might have increased due tof the identified factors was estimated by 100 bootstrapping
the stratification of the atmosphere which could have limitedruns.

the dilutions effect. _ The 2-factors solution separates Oxygenated Organic
A comparison of week 3 and 4 with weekend 1 and 2 Aerosols (OOA) from a mixture of primary organic aerosol
points out two different tendencies: while during weekdays, (POA) with high contributions of masses/z 55, 57 and
Fhe orgar)ic aerosol p_resenteq two maxima, early in the MOM60 (Q/Qexp=5.16). The 3-factors solution splits the POA
ing and in the evening, during the weekends; the organignto Hydrocarbon-like Organic Aerosol (HOA) and Biomass-
concentrations seemed to continuously increase during thgurning Organic Aerosol (BBOA)@/Qexp=4.35). The 4-
morning, reaching a maxima in the mid-afternoon. However,factors solution additionally splits the OO Qexp=3.59)

hourly unpaired t-test analyses of the organic concentratiomynd the 5-factors solution results from further splitting of the
demonstrated that the difference of these two tendencies wagoa (01 Qexp=2.94).

not statistically significant. The 3-factors solution was retained after having investi-
gated the fPeak and Seed influences on the resulting time se-
ries and mass spectra as well as the differences between the
solutions in the mass spectra and time series. The final solu-
tion was obtained for a fPeak value of 0.0 which was used for
PMF analysis Seed and bootstrap investigations. T8 exp and the fac-

tors obtained for different fPeak values were nearly identical.
The analysis of the organic aerosol components was conThe retained solution was stable over the different starting
ducted with the unit mass resolution (UMR) organic masspoints tested with relatively low uncertainties (Fig. S2). The
spectra (fromm/z12 tom/z100) and was performed using the factor identification was performed by comparing the time

3.2 Organic aerosol composition

3.2.1 Factor analysis

Atmos. Chem. Phys., 11, 126912713 2011 www.atmos-chem-phys.net/11/12697/2011/
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series and mass spectra of each factor with external tracetdydrocarbon-like organic aerosol

(nitrate, sulfate, potassium, chloridepk;O7,...), avail-

able gas phase measurements {N@d CO), off-line filter =~ The identified HOA factor, commonly considered as cor-
results, and reference source mass spectra available on thiesponding to primary organic aerosols (fossil fuel com-
AMS MS databasehftp://cires.colorado.edu/jimenez-group/ bustion), had a mass spectrum similar to previously re-
AMSsd/index.htm) (Ulbrich et al., 2009). Finally, the 3- ported HOA factors (Lanz et al., 2007; Ulbrich et al., 2009)
factors solution was preferred to the 4-factors solution prin-(Fig. S3). The HOA mass spectrum was also characterized
cipally due to the uncertainties regarding the identification ofby a large contribution of the fragment/z57 (3.6 % of the

the second OOA factor in the 4-factors solution. total HOA signal). A O/C ratio of 0.15 was estimated from
the contribution ofm/z44 to the HOA mass spectra which
Factors identification agrees with previously reported values in urban areas (Aiken
) ) ) etal., 2008; He et al., 2011; Huang et al., 2011), but is higher
Biomass burning organic aerosol than the reported O/C ratio of motor vehicle exhaust (0.03—

The corresponding BBOA factor was identified by compar- 0'(2;1(;:1/'0;:6(8;2)"' 52\2231.3 studies. the HOA time series cor-
ing its factor mass spectrum with that one published by Lanzrelatedpbetter Wifh COrg = 0.47 l’:i S4) than NQ (-2 —
et al. (2007) (Fig. S3). The identified BBOA factor is also . =040, 0. "=

; - ; 0.38, Fig. 3 and Fig. S4), as previously reported (Lanz et
characterized by a large contribution of the organic fragmentsal 2010: Ulbrich et al., 2009: Zhang et al., 2005a). Un-
m/z60 andm/z73 which are considered as tracers of biomass, ' v ' 9 N )
burning aerosols (e.g. Alfarra et al., 2007: Schneider et al_fortunately, no parallel online measurements of black carbon

2006). In the identified BBOA factor, the organic fragments were performed and the daily averaged HOA concentration

m/z60 andm/z 73 represented 4.2 % and 1.7 % of the total ?;?aggtngﬁzretliﬁvvggz ?_?gﬁ?ﬁfg&geciﬁgg?ef a;;;;ggr
BBOA mass spectra, respectively. The contributiomudg P b

60 is slightly higher than the reported values of 2—4 % in by the low number of filter samples and the uncertainties in
. the EC measurements.

Switzerland (Lanz et al., 2010). The fragmeniz 44 rep- A ous tioned d bustion for d

resented 3.3 % of the total BBOA mass spectra. Based org hs ptr.ewqusy rgep loned, yvoot Icogrg (;S 'fotrL orr1 omes-

the relation between the contributionmiz44 and the o/c ~ Uc N€ating IS used in approximately o ot the houses in

ratio reported by Aiken et al. (2008) and Sun et al. (2009), aSeiffen. Therefore, other heating energy sources like liquid

O/C ratio of 0.20 was obtained for the BBOA factor which fu"el have also to be considered (ngony EPA agency data,
is in agreement with previously reported values (Aiken et aI.,_LOSChau’ 2007.)' Consequently, 0,'”“”9 Fhe.cold period, heat-
2008: He et al., 2011). ing systems using wood combustion or liquid fuel for domes-
Du,ring the measurement period, the fragmentigOy tic heating are emitted simultaneously. Thereby, two possible
represented 90% of the totel/z 60,and not surprisinély, sources of the HOA factor have to be considered: (a) vehicle

the time series of the BBOA factor were strongly correlatedex.h"jlusit.ar.]d (b) emissions fro.m domestic heating. an3|d—
to the QH4Oj (Fig. 3 and Fig. S4r2 =0.77) as well as ering a limited car traffic at Seiffen (less than 2000 vehicles

the m/z 73 fragment QH50;_ (Fig. S4,r2=0.93). More- per dgy, Saxony EPA agency datao.slch'au, 2007), traffic
. \ ; . emission should have a limited contribution to the HOA. The
over, Fig. S4 also shows periods with no correlation be- . :
o . ; . correlation between HOA and BBOA{= 0.62, Fig. S4)
tween GH405 and BBOA which might be interpreted as : S . X .
o2 : confirms the suggested contribution of the residential heating
a contribution of an organic compound other than BBOA . - :
n : T to the HOA. Moreover, a direct contribution of the biomass
to G;H405 . However, this was not the case fogsO5 . . L
; . . . : burning emissions to HOA cannot be completely excluded.
Potassium which can be emitted by biomass burning and wa a
or example, DeCarlo et al. (2010) reported a contribution

used .as an inorganic biomass burning tracer (e_.g_. inlLee _et al'df biomass burning to HOA of 49 % over the region of Mex-
2005; Hudson et al., 2004) also presented a similar profile toICO using a CO source apportionment model. Unfortunatel
the BBOA (Fig. 3 and Fig. S42 = 0.83). Both comparisons ' 9 bp X Y,

; : . such information was not available and due to the limited
using reference mass spectra and comparisons using tracers L .
confirmed our identification gas phase_measuremeqts performe_d hgre, it is not possible to
Although the BBOA masé spectra showed similarities to clearly attribute a quantitative contribution of biomass burn-
mass spectra of pure levoglucosan, the comparison of BBO ing and liquid fuel combustion to the identified HOA factor.

' evertheless, it seems reasonable to assume that residential

concentration with the total concentration of MA measuredheatin (independently of the energy) represents the largest
on filters samples revealed that BBOA corresponds to the 9 P y gy)rep g

sum of MA (slope 1.14;2 = 0.89, Fig. 4) rather than to lev- contribution of HOA.
oglucosan alone (slope 0.5 = 0.65). Therefore, the iden- o
tified BBOA factor can be considered as a good tracer for the

total amount of MA. The last factor had mass spectra similar to the mass spec-
tra of oxygenated organic aerosol (OOA) reported by Zhang

Xygenated organic aerosol

www.atmos-chem-phys.net/11/12697/2011/ Atmos. Chem. Phys., 11, 1PBR13-2011
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Fig. 3. Time series of the 3 factors and their selected tracer species (AMS time resolution 5 min, gas tracers time resolution 30 min).
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Fig. 4. Time series of BBOA factor and comparison with the sum of,PMA identified (levoglucosan, arabitol, mannosan, mannitol,
mannose, galactosan, glucose and sucrose).

et al. (2005b) (Fig. S3) and to the reference mass spectran/z44 which is in agreement with previous measurements
of fulvic acid (Fig. S3) which is considered to be a model (Aiken et al., 2008; He et al., 2011; Ng et al., 2010) as well
substance for Humic Like Substances (HULIS). The massas with the presence of more oxygenated organic compounds
spectra of the OOA factor was characterized by a larger conin this factor compared to BBOA and HOA.

”‘ﬁ.“flo.” c_)f the fragmentsp/hz4r? (19 %.) anlcm/ 243 (1; %)I The time series of the OOA factor correlated better with
which Is in agreement with the preVIogsy reported va ue_zsso4 (r2=0.68, Fig. S5) than with N@(r2=0.50, Fig. S5).
(e.g. Lanz et_ al., 2010). A.S done prewou_sly,_the o/C raliogased on the literature (Lanz et al., 2010; Ulbrich et al.,
(0.8) was estimated according to the contribution of the masioog; Zhang et al., 2005a) this might be explained by long
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Fig. 5. Comparison of the Q—|yOzNV+V fragments with BBOA factor and daily PMmethy-nitrocatechols.

range transport or regional aerosols. Nevertheless, the OO£ March 2008) and additional laboratory measurements in
factor also correlated with CQ-{=0.61, Fig. S5) which  the simulation chamber, linuma et al. (2010) correlated the
suggests a possible combustion origin. The emission of higlpresence of methyl-nitrocatechols with the photooxidation
molecular weight compounds during biomass burning wasof m-cresol directly emitted by wood combustion. In our
previously reported by several authors (e.g. Hoffer et al.,study, the high resolution analysis of the AMS mass spec-
2006; Mukai and Ambe, 1986; Mayol-Bracero et al., 2002; tra showed a similar profile between thgH§O,N, frag-

Lin et al., 2010; Weimer et al., 2008). During their labora- ments (withz higher than 1) and the previously indenti-
tory investigations, Weimer et al. (2008) observed a strongfied BBOA factor, besides a good correlation with identified
similarity between the organic mass spectra of wood burningmethyl-nitrocatechols (Fig. 5). This is in agreement with the
emissions and the fulvic acid mass spectra, especially durebservation made by linuma et al. (2010). It is therefore
ing the smoldering phase. Consequently, taking into accounteasonable to conclude that during our measurements, the
the sampling site environment leads to the assumption tha€xH,O,N;; fragments were related to methyl-nitrocatechol
at least a part of the OOA factor should have a direct woodissues of the oxidation afi-cresol. This might also be con-
combustion origin. However, relying on the available paral- sidered as a possible source of the observed OOA factor.

lel measurements only, a quantified distinction between the The distinction between the different sources of OAA ap-
long range transport OOA and the wood combustion relatethears to be challenging in our conditions. It was not possible
OOA was not possible. to clearly distinguish the wood burning contribution from the
long range transport. Hence, the OOA factor represented a
gnixture of these two main sources. The mean contributions

formation of less volatile organics aerosols, for example due®’ OOA, BBOA and HOA to total organics were approxi-
to photo-oxidation processes during day time (Capes et alMmately 62%, 20 % and 17 %, respectively. The contributions
2008; Grieshop et al., 2009a, b). In addition, taking into ©f BBOA and HOA are in the range of values observed by
account the high relative humidity during measurement pe_Lanz et al. (2010) in several places in the Alpine mountains
riod and regarding laboratory and simulation studies of the(,l7_49% aqd 6-16 % of OA for BBOA and_ HOA, respec-
levoglucosan oxidation by OH-radical made by Hennigan etlively), but slightly lower than the values previously observed

al. (2010) and Hoffmann et al. (2010), the aging of BBOA PY Favez etal. (2010) (BBOA =37 %).

on deliquescence particles can be expected. The presence

of SOA coming from the OH-oxidation of wood combus- 3.2.2 Diurnal profiles of the organic aerosol

tion VOCs during measurement periods was demonstrated by

linuma et al. (2010). Indeed, using the PKilter measure-  The diurnal profiles of the main organic components (OOA,
ments made during the entire project (i.e. from October 200/BBOA and HOA) are shown in Fig. 6. As previously

Moreover, a part of the OOA might also be linked to the
aging of the wood combustion emissions which leads to th
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o BBOA  ——HOA  — 0oA  — PAH evening, the concentrations could also be enhanced by lo-
6 Weekend 1 0.10 64  Week?2 - 0.10 cal meteorological conditions like a lower mixed layer height
limiting the dilution process during the night. Interestingly,
the OOA factor presented a profile similar to that of POA
during week 4 which was less pronounced during week 3 and
F oo therefore confirms residential heating as a possible source of

C OOA.
1‘%/@\&:_ o0z During weekends 1 and 2, an increase of BBOA and HOA
T T T T

F 0.08

F 0.0

mass concentration (g m'3)
w
1
. 3,
mass concentration (ugm )
w
1
(. w B Hvd

0 —T T T 000 0 = 0.00 concentrations during day time could be observed, reaching
O e O s 2 a maximum in mid-afternoon and then slowly decreasing to a
10— Weskend 2 0,02 L0 Week 3 004 minimum during the night with a small peak at 22:00. During
o~ P these two weekends, the OOA concentrations followed a ten-
5 08 0ors %87 003 dency similar to that of BBOA and HOA. Not surprisingly,
5 o6 2 5 06 2 these cpncentration; decreased during the _day of weekend 3,
g 00105 g 002F as previously described for the total organics. As for total
g o4 3,8 044 3, OA, comparisons of the hourly BBOA and HOA concentra-

g o 0.005 g 0o oo tions between weeks 3 and 4 as well as between weekends 1
E £ and 2 were performed using unpaired t-test analyses. The dif-
0.0 0.000 0.0 0.00 ferences of concentrations were not statistically significant.

0 S O s 20 Although different tendencies could be observed between
2.0 Weekend 3 0.05 30— Weeka 0.05 weekdays and weekends, these differences were small in
o o term of concentration. This may result from the limiting sam-
5 =] o0e 5 7] 004 pling time as well as the fact that emissions from the local ar-
2 2
E 204 003 > g 207 0033 tisanal activity during weekdays were basically replaced by
£ 154 £ £ 154 £ residential emissions during weekends, as suggested by the
£ o- 00238 o] 0023, time switch observed between weekdays and weekends. The
% . 001 é oo 001 fact that HOA and BBOA had similar profiles confirms that
E E HOA is correlated with residential heating rather than car ex-
00 0.00 0.0 0.00 haust. This is in agreement with the low car traffic mentioned
O o 20 O e e above. Therefore, our results suggest that residential heating

(BBOA and HOA) represented at least 37 % of the total OA
Fig. 6. Diurnal variations of the organic factors (BBOA, HOA and at Seiffen during our measurement period.
OOA) and PAH concentrations during weekends (left) and weeks
(right). Week and weekend number referred to time periods de-3.2.3 Polycyclic aromatic hydrocarbons
scribed in Fig. 1.

Wood combustion is known to be a source of Polycyclic aro-

matic hydrocarbon (PAH) produced by the pyrolysis of cellu-
described for the main aerosol components, the diurnal prolose and lignin (e.g. Rogge et al., 1998; Dhammapala et al.,
files were divided in 3 weekdays and 3 weekends (Fig. 1)2007; Mandalakis et al., 2005; Kozinski and Saade, 1998).
and similar conclusions could be drawn by comparing thePAH were identified on the AMS organic mass spectra, ac-
different weeks and weekends patterns. The diurnal profilecording to the fragmentation table described by Dzepina et
of week 2 differed from the profiles of weeks 3 and 4. While al. (2007). The PAH time series is presented in Fig. 7. A
no clear diurnal variations of each OA factor was observedmean value of 1622 ngnt3 was obtained for the whole
during week 2, even if it corresponded to the highest conceneampaign. Although the AMS is not able to provide PAH
trations, a clear variation of BBOA, HOA and OOA could be speciation as filter analyses made by CPP-GC-MS, a com-
observed during weeks 3 and 4. During these two weeksparison of the AMS PAH concentrations with the sum of the
tracers of fresh/primary organic aerosol (POA) emissions18 PAH identified by filter samples showed a strong correla-
(i.e. BBOA and HOA) showed two maxima: a first around tion (slope =0.77;2 = 0.97; Fig. 7 insert panel). Taking into
08:00 and a second around 19:00. Their concentrations weraccount the uncertainties of 35-38 % when identifying the
slightly lower during day which may be attributed to a possi- PAH by AMS (Dzepina et al., 2007) and the limited num-
ble diminution of the emission as well as to a dilution effect ber of filter samples, we conclude that the measured AMS
by an increase of the mixed layer height. The evening peak$AH concentration represents a good assumption of the total
of BBOA and HOA were higher than the morning peaks, asparticulate PAH content. The mean PAH mass concentra-
previously observed by Lanz et al. (2010) and Sandradewtions measured by both methods (10 nghnfior AMS PAH
et al. (2008). Although this suggests larger emissions in theand 12 ng m? for filters, respectively) are in good agreement
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Fig. 7. AMS-PAH time series and comparison with daily PKiters.

with residential wood combustion PAH concentrations pre- As done previously for the different NR-PMind organic
viously reported for similar locations (10.2 ng#(Glasius ~ components, diurnal variations of PAH concentrations in the
et al., 2008); 30 to 22.9ng™, Bari et al., 2010a; Bari et  different weeks and weekends were compared (Fig. 6). The
al., 2009) and with the mean PAH concentration observedifference between weeks is less pronounced than previously
by Marchand et al. (2004) in urban and near-city backgroundreported for HOA and BBOA. A morning and evening peaks
sites in French alpine valleys (range 2.3-22.8 ngmHow- were observed during all 3 weeks, being less pronounced
ever, it is two times higher than the mean concentrationduring week 2. During night, the PAH concentration de-
found by Favez et al. (2010) in the city of Grenoble (France).creased near to zero except for week 2. In agreement with
PAH contributed 0.5- 0.01 % to total organic aerosol which the larger influence of the long range transport of pollutants
is slightly higher than the values reported for Switzerland during this period, this suggests a higher background con-
(0.1%, Lanz et al., 2010). centration.

In addition, the PAH time series (Fig. 7) shows several The PAH concentrations were highest during weekend 1.
short-term events (|asting approximate|y 20-45 m|n) with As in week 2, this Certainly correlated with the influence of
concentrations up to 500 ng T which are extremely high ~more polluted air masses. Similarly to the week comparison,
Compared to the mean concentration of 10 r@m Marc- the different PAH diurnal prOfileS of all weekends showed
hand et al. (2004) reported such high concentrations of PAHOMe similarities: the PAH concentrations started to increase
(up to 150 ng m3) using 12h sampling in two French alpine later than during weekdays, reached a maximum before noon
valleys during anticyclonic conditions with low temperature. and decreased in the afternoon. Like for BBOA and HOA,
However, the short-term of these events of high PAH concenthe PAH concentrations also reached a peak at around 22:00,
trations were observed during the whole campaign and theigonfirming the link between PAH and residential heating. In
frequencies did not seem to be directly related to the meteoOPpPOsition to the statistical analyses performed before with
rological conditions. Considering their durations, these highBBOA and HOA, the difference of PAH concentrations at
PAH events might be caused by measuring direct sources d#7:00, 10:00, 12:00, 13:00 and 16:00 were statistically sig-
PAH emissions, e.g. a plume of a chimney exhaust of ad-hificant between weekends 1-2 and weeks 3—4.
jacent houses that due to a small change in wind direction Taking together, the BBOA, HOA and PAH diurnal pro-
moved to our sampling line. Unfortunately, as the wind di- files do not suggest pronounced differences in terms of emis-
rection was measured below the roof level, with a time res-sions between weekdays and weekends. However, the sig-
olution of 30 min only (see Sect. 2.2), it was not possible nificant differences found between the PAH concentrations
to attribute these peaks to a precise house/source. Neverthduring weekdays vs. weekends suggest differences in the
less, due to their longer sampling time, filter samplers cannoburning conditions. As wood combustion emissions strongly
show these peaks. This highlights the importance of a timedepend on the burning conditions (Johansson et al., 2004),
resolution higher than 12 or 24 h in order to identify strong this difference in PAH concentration and not in HOA and
sources of PAH. BBOA might be interpreted as resulting from the difference
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in aerosol composition emitted from residential heating sys-
tems and bigger heating systems used by the artisanal facs o3
tories. Nevertheless, further measurements are necessary t& °2

o 0.1

confirm this hypothesis.

3.2.4 Contributions of the residential wood combustion
to total PAH

As previously mentioned, the main interest of this field cam-
paign was to quantify the impact of residential wood combus-
tion on the local air quality in Seiffen. Using the high time

resolution of the BBOA, HOA and PAH concentrations, the
contribution of wood combustion to total PAH concentration
was estimated. In order to do so, the ratio PAH/BBOA was
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calculated (Fig. 8 upper panel). Depending on the nature of
the wood fuel as well as on the burning conditions, different
values of the emission ratio PAH/levoglucosan or PAH/MA g g Estimation of the biomass burning contribution to total PAH
were reported (e.g. PAH/MA ranging from 0.0007 to 0.014 concentration. The upper panel represents the time series of the ra-
(linuma et al., 2007) and from 0.06 to 0.113 (Dhammapala etio PAH/BBOA and the bottom panel shows the correlation between
al., 2007)). According to this and regarding the slope of 0.03PAH and BBOA. Colors correspond to the differentiation between
(r2 = 0.80) between total PAH and total MA obtained during PAH correlated to wood combustion (purple) and not correlated to
the measurement period from the filters, a setting value ofvood combustion (red).

PAH/BBOA =0.03 was considered to separate PAH directly
related to wood combustion emissions (rati0.03; referred

to PAH,p, here) from PAH not correlated to BBOA, but com-
ing from other PAH sources like car exhaust and/or domes . .
tic liquid fuel heaters (ratio-0.03; referred to PAKb wh caused by wood combustion. These results are in accordance

here). Therefore, the PAld_wp could be connected to the With our assumption'that .PAM’ cont'ribution represents a
HOA factor. As presented in the bottom panel of Fig. 8, main source of PAH in Seiffen (ranging from 2 to 100 % of

PAHyp (in purple) is related linearly to BBOA (slope = t°“%' PAH). Moreover, Bari et al. (20_10a) rgported a contri-
0.015, r2 = 0.87), indicating that PAk}, emissions repre- buthn of 44% of t_he. potential carcinogenic PAHSs to total
sent about 1.5% of the emitted mass of BBOA (e.g. totalpart|culate PAH pointing out the potential impact on human

MA compounds). This is in agreement with the range of O_7health. It is important to link these results to the actual Eu-

to 2.2 % defined by Weimer et al. (2008) who measured thg 0P€an legislation and more specially to the European Direc-
emissions from different wood species during flaming and!©"Y 2004/107/CE, imposing to all European Member States
smoldering modes in the laboratory. from the 31 December 2012 a value of 1 ngthfor the total

According to this, the PAlJ, concentration was estimated content ofB[a] P in the PMy fraction averaged over a calen-

from the BBOA time series and compared to the total PAH (tj)ar year. .TheB[a]P. dwas dchost,)en becalés_e gf Its tOXIfCItg/ and |
concentration. Consequently, during the AMS measure-Pij_?use Itis .CO?]SI e_reAto g_a good n |ca}or 0 (; N tofta
ment period in Seiffen, PAk}, was assumed to contribute gontenj[ In the air. According to our results an previ-

about 62 % to the total particulate PAH mass concentration 43 dlscuss_|on, we conclude that an a”““".’" value might be
This result confirms the impact of residential wood combus-/EPresentative for the total PAH concentration, but not use-

tion on the local PAH concentration reported by Bosret ful enough to estimate the real human exposition to PAH and

: easonal variations.
al. (2002), Mandalakis et al. (2005) and Sheesley et al. (2009? ; . . .
I Swecen (PRt —S0-00%). Honever, Ml et P, s o lhe g e resouton of e A,
al. (2005) who compared the contribution of Pgdn three ::t'clzl; zs u eIII as in the aas hasue 3{0 rol ide a bZtlter .
different European background sites (Sweden, Croatia anga™ w ! gas p provi u

Greece) reported large variations of the Rgfractions (e.g. derstanding of human exposure. For this kind of approach,

only 10% in southern European atmosphere) and justifie(f)ara".e! AMS and filters gamp!e m.easuremer?ts represent a
this finding by differences in the contribution of residential promising method to provide high time resolution total PAH

wood combustion to total house heating systems. concentration and a clear fingerprint of the PAH composition.

Moreover, residential wood combustion seems to be the
main source of individual PAH. Sheesley et al. (2009) es-
timated that in Lycksele (Sweden), 71-87 % of individual
PAH may have a wood combustion origin and Nielsen and

BBOA (ug m")

Illerup (2006) argued that in some locations in Denmark, 80
to 90 % of some individual PAH compounds like B[a]P were
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4 Conclusions Our measurements draw attention to the advantages of a
combination of on-line (AMS) and off-line (filter samples)

In order to study the impact of residential wood combustionmeasurements. While the AMS provides information about

on local PM in the small town of Seiffen (Saxony, Germany), changes in the concentration, filter samplers provide the

an AMS was deployed during January 2008, completing achemical finger print of the particles during the whole day.

longer period of daily PM filter measurements. While filter The filter samples can for example, segregate between soft-

samples provided a daily detailed chemical composition ofwood and hardwood combustion (Bari et al., 2009, 2010b;

PAH and anhydrous monosaccharide compounds, the AMSchauer and Cass, 2000). Combining off-line and on-line

provided a highly time resolved (5min) information about measurements represents a method to understand the changes

the daily variation of the NR-PM Using PMF analysis, the of the aerosol chemical composition as well as the human ex-

AMS organic signal was decomposed in 3 factors — OOA,posure to toxic chemical compounds as polycyclic aromatic

BBOA and HOA - corresponding to 62 %, 20 % and 17 % hydrocarbons. Due to the limiting time measurements (4

of the total OA, respectively. In addition, the PAH concen- weeks), our results cannot be considered as representative

tration (mean concentration of 10 ng#) extracted fromthe  for all winter conditions. Longer campaigns including on-

organic mass spectra (Dzepina et al., 2007) represented 0.5 fifie and daily filter sampling taking every day to increase the

of total OA. The presence of short-term events of extremelynumber of samples are needed for better statistical analyses.

high PAH concentrations were directly attributed to a plume  Although residential wood combustion emissions strongly

of chimney exhaust emitted from houses located close to thelepend on burning conditions, type of wood (e.g. Johans-

sampling place. BBOA factor and AMS PAH were success-son et al., 2004), and/or local meteorological conditions, the

fully compared to daily PM filter samples, leading to the promotion of this source of energy by the local policy also

conclusion that they are good estimates of the total particlecontribute to increase the impact of residential wood burning

content in MA and PAH, respectively. Moreover, accord- on local air quality. In the current context of a large devel-

ing to its similarity with fulvic acid mass spectrum (a model opment of residential wood combustion and governmental

substance for HULIS) and its correlation with the CO time wishes to improve local air quality, our results confirm the

series, a possible contribution of wood combustion to OOArequirement of highly controlled domestic heating emissions

was suggested. Considering the low car traffic of the villageincluding wood combustion in addition to the actual regula-

and its correlation with BBOA and CO, HOA was also found tions mainly focusing on the reduction of industrial and traf-

to be mainly linked to residential heating. Although wood fic emissions.

combustion was performed in only one-third of the houses

in Seiffen, it represents the main primary source of parti- Supplementary material related to this

cles. We thus conclude that POA emissions at Seiffen mainharticle is available online at:

corresponded to general residential heating during the meattp://www.atmos-chem-phys.net/11/12697/2011/
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