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Residential wood combustion is increasingly being identified as a major contributor to 
air pollution at a number of sites in Switzerland and in other countries. A source 
apportionment method using the aethalometer light absorption parameters is applied to 
five winter campaigns at three sites in Switzerland: a village with high wood 
combustion activity in winter, an urban background site and a highway site. The 
particulate mass from traffic (PMtraffic) and woodburning (PMwb) obtained with this 
model compared fairly well with results from the 14C source apportionment method. 
PMwb from the model is also compared to well known wood smoke markers such as 
anhydrosugars (levoglucosan and mannosan) and fine mode potassium, as well as to a 
marker recently suggested from the Aerodyne aerosol mass spectrometer (mass 
fragment m/z 60). Additionally the anhydrosugars were compared to the 14C results and 
they are shown to be comparable to literature values from wood burning emission 
studies using different types of wood (hardwood, softwood). The levoglucosan to 
PMwb ratios varied much more strongly between the different campaigns compared to 
mannosan to PMwb with a range of 1-1.5%. Possible uncertainty aspects for the various 
methods and markers are discussed. 

1. Introduction and discussion of available instrumentation 
The main contents of this contribution are currently under discussion in ACPD and all 
details can be found there (Sandradewi et al., 2008a). Until the conference, some of the 
methods described here will be have been used at additional sites and will be presented. 
Here we present a short presentation/discussion of the main instrumentation/analyses in 
use by our lab and collaborators and some general conclusion and discussion.  
 



A classical tracer for biomass burning is potassium. Potassium is released especially 
under high temperatures in fires mostly as potassium chloride and potassium sulfate and 
has been often used as indicator of biomass burning (e.g. Khalil and Rasmussen, 2003). 
For the organic fraction of the particulate organic matter emitted from wood burning, 
the most commonly used tracer is levoglucosan because it is produced from pyrolysis of 
cellulose which is available in every type of wood. Examples of application have been 
discussed by Puxbaum et al. (2007), Schauer et al. (2001), and Simoneit et al. (1999). 
These two marker methods rely on the quality and variability of available estimation of 
the emitted concentration of marker / concentration of the totally emitted mass 
 
Recently, several new techniques have been developed to estimate contributions of 
different sources to particulate matter (see also Baltensperger and Prevot, 2008). These 
are aerodyne aerosol mass spectrometer, multi-wavelength aethalometer, and 14C-
analyses. These techniques have in common that they take not necessarily only markers 
into account but use all of the organic mass or carbonaceous material information. The 
aerosol mass spectrometer allows for the distinction of different sources to the organic 
matter. Alfarra et al. (2007) could show that there are some key marker fragments 
(m/z60 and m/z73) that could be found both for direct emissions and in ambient air 
where wood burning is a very important source. Lanz et al. (2007; 2008) could then 
show that the wood burning spectra and their contribution to organic matter can be 
extracted with statistical source apportionment methods similar to PMF (positive matrix 
factorization). They found that in winter wood burning is an important contribution to 
organic mass in Zürich but also in summer the contribution can be higher than from 
traffic. Both in summer and winter Lanz et al. (2007; 2008) found that oxygenated 
(presumably secondary) organic aerosol is the major fraction in OM in Zürich. The 14C 
method developed by Szidat et al. (2006; 2007) allows for the distinction of fossil and 
non-fossil contribution to elemental carbon (EC) and organic carbon (OC). In the case 
of EC, the non-fossil fraction can directly be related to biomass burning. In the cases of 
OC, the non-fossil contribution is only an upper limit, because e.g. SOA from biogenic 
emissions and SOA from gaseous biomass burning might be important as well. The use 
of multi-wavelength aethalometer for source apportionment uses the fact that wood 
burning derived particles have a relatively higher ratio of light absorption at lower 
wavelengths (370-550 nm) compared to the light aborption at higher wavelengths (880-
950 nm). Sandradewi et al. (2008b) developed a model on this basis and validated it 
with 14C analyses. The method distinguishes the emissions of all carbonaceous material 
including EC and the organic mass. 
 
2. Discussion and conclusions  
The main results of Sandradewi et al. (2008a) showed that at different sites for certain 
time periods the different tracers correlate fairly well. However, when comparing 
different stations, significant differences for the various estimations of wood burning 
versus different wood burning marker concentrations can be found. In an Alpine valley 
with many poor burning systems, less potassium is found compared to other 
estimations. At the same location, higher levoglucosan versus PM from aethalometer or 
versus non-fossil carbon is found compared to measurements in Zurich, where 



secondary organic aerosols were important (Lanz et al., 2008). Possible explanations 
might be different types of wood that were used for burning or the degradation of 
levoglucosan in the atmosphere which might happen at the same time when SOA is 
formed. More intercomparisons as those in Sandradewi et al. (2008) should be 
performed. More measurements of markers and woodburning indicators including all 
techniques presented should be performed. Also the stability of tracers of levoglucosan 
needs to be studied e.g. in smogchambers. 
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