
SOURCE APPORTIONMENT
Six potential sources identified and quantified by PMF (Figure 2). 
Biomass burning (BB), mostly emitted by residential wood 
combustion for domestic heating, was the major source (52% PM2.5 
mass concentration), followed by secondary aerosol (21%), biogenic 
aerosol (20%), traffic (4%), and dust resuspension (3%). 
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INTRODUCTION
This study characterized the PM2.5 pollution in a major city located in 
an Alpine valley, Belluno (BL), during the cold season (Autumn-
Winter), identifying and quantifying the main potential sources. 
Beyond a source apportionment using specific organic tracers for BB 
and primary biogenic organic aerosol, this study also analyzes the 
dispersion or buildup of pollution sources by dispersion normalization 
and by identifying periods with persistent thermal inversions. 

EXPERIMENTAL
PM2.5 sampling.133 daily QFF filters collected (UNI EN 12341:2014). 
Chemical speciation. A 1 cm2 punch analyzed for EC and OC using a 
carbon aerosol analyzer adopting the EUSAAR2 protocol. Two/three 
1.5 cm2 punches extracted in ultrapure water for major ions (Na+, 
NH4

+, K+, Mg2+, Ca2+, F–, Cl–, NO3
–, SO4

2–, oxalate (OXL)) and selected 
saccharides, levoglucosan (LVG), mannosan (MAN), galactosan (GAL), 
arabitol (ARB), mannitol (MNT), and glucose (GLC). Eight PM10-bound 
PAHs analyzed (UNI EN 15549:2008 and UNI CEN/TS 16645:2014).
Source apportionment. PM2.5 sources identified and quantified by 
USEPA positive matrix factorization (PMF).
Weather data. Dispersion-normalized source contributions using the 
ventilation coefficient (VC) [1]. The inversion strength assessed from 
temperature profiles measured at 6 weather stations located at 
different elevations [2] (Figure 1): 3 stations (FE, SG, AE) in the valley 
floor (264-379 m a.s.l.) paired with 3 stations at high elevation (MA, 
MC, FA, at 1415-1603 m a.s.l., respectively).
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Figure 1 ▲ Map of the study area.

Figure 2 ▲ PMF source profiles.

Figure 3 ▲ PMF source contributions.
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PERSISTENT INVERSION PERIODS
The horizontal homogeneity of air temperature was preliminarily 
checked by correlating the hourly-resolved weather data measured at 
low- and high-elevation stations. Assuming horizontal homogeneity of 
the air temperature field over the area, the bulk temperature gradient 
(ΔT/ΔH) for each pair of stations was computed and used as a proxy of 
the stability of the boundary layer into the valley:

∆T/∆H i,k =
Ti,k( high) − Ti,k( low)

Hk( high) − Hk( low)

where i denotes each measurement period (hourly data, in this case), 
k is a station pair, Hk(high) and Hk(low) represent the station elevation and 
Ti,k(high) and Ti,k(low) represent the air temperature measured at the time i 
of the pair k at the high and low station respectively.

Six periods with daily ∆T/∆H>0 for more than 3 days were 
considered persistent temperature inversions (Figure 4). The PM2.5 
concentration and the PMF source contributions during the 6 inversion 
periods are then compared with the concentrations measured two 
days before. Results indicate a general increase in air pollution during 
the inversion (Figure 5). 

Figure 4 ▲ Identification of the persistent thermal inversion periods.
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Figure 5 ▲ Identification of the persistent thermal inversion periods.
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