The origin of particles at Vavihill
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Due to aerosol processes in the atmosphere, aerosol
particle properties change markedly during longrange transport. Hence, it is a difficult task to pinpoint the sources of the particle number measured
at a background field site. A combination of
different analytical methods and measurement
techniques is required to determine the source
apportionment for any field station.
One of the European long-term monitoring
field sites, where the source apportionment of the
particle number size distribution is tried, is the rural
background site Vavihill in southern Sweden.
Several years of submicrometer particle
number size distribution data is analysed for new
particle formation, which is one important source of
particles in Vavihill (Kristensson et al., 2008).
Previously undefined formation event days are
upgraded to event days with the Buenrostro Mazon
(2009) method. An analysis of events observed at
Lille Valby in Denmark (Wang et a., 2013) gives an
answer if these particles have further been
transported to Vavihill and then have been observed
there as slightly larger particles due to
condensational growth. Hence, we have situations
where particles at Vavihill have their origin from
new particle formation although new particle
formation is not taking place at Vavihill.
During occasions with winds from
Copenhagen it is also possible to estimate the
contribution from combustion generated particles.
This is complemented with hygroscopic growth
data at 90 % relative humidity as function of
particle diameter. Water uptake could be different
for new particle formation and combustion
generated particles. In other words, it can also
potentially be used for source apportionment of
particles at Vavihill.
In a winter case-study with air transported
from Copenhagen to Vavihill in three hours,
Copenhagen emissions were able to increase the
number concentration two-fold in Vavihill
compared to the air masses which just missed
Copenhagen on this day (Figure 1). Hygroscopic
data from another winter occasion showed that 35
nm diameter particles had tri-modal growth factors
at 90 % RH. About 30 % of the particles had a
mean growth factor of 1.0, and 45 % and 25 % of
the particles had a growth factor of 1.3 and 1.5

respectively. This shows that the plausible soot
particles having a growth factor of 1.0, can be used
for source apportionment of combustion generated
particles, since no other near-regional source could
produce particles with this low growth factor. Since
we have subtracted the background particles from
the Copenhagen contribution, also the particles with
growth factors of 1.3 and 1.5 should have been
emitted in Copenhagen. However, these factors are
unexpectedly high, and we have to analyse the data
further to investigate whether we have some
contamination from background particles after all.

Figure 1. The particle number size distribution
observed at Vavihill during 4 hours on February 6,
2012 for air passing Copenhagen (blue), air just
missing Copenhagen (red), and the Copenhagen
contribution (passing Copenhagen - missing).
The new particle formation analysis showed that
there are indeed a few cases when the particles
observed at Vavihill are likely from formation at
Lille Valby, but not from formation at Vavihill.
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