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Abstract
A comprehensive study of the natural (topography, meteorology, dust advections) and
anthropogenic (road traffic) constraints of air pollution has been carried out in the historic
city of Perugia. The preliminary results point to the main impact of local traffic through
fine particle emission and coarse particle re-suspension. The influence of local
meteorology and topography on the development of the planetary boundary layer upon the
town is also well evidenced. Comparison between urban and regional background data
points to the remarkable, though variable, contribution of Saharan dust to the total dust
load. Finally, some impact of the mobile transport system on particle emissions is evidenced by
significant amounts of heavy metal and organic species along the Minimetrò path.
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1. Introduction
Historic towns in Central Italy often face the consequences of typically tightened urban
arrangements, such as reduced viability and intense road traffic. Moreover, they frequently
extend over topographic reliefs, and this feature along with local meteorology may largely
affect the mode and extent of dust dispersion in different sites even in the same town. Last
but not least, in urban contexts distinct contributions from local (e.g., traffic) and remote
(e.g., Saharan dust intrusions) sources can be recognized and, possibly, discriminated. All
these features have to be taken into account in the modelling of urban dust.
Different approaches are applied to mitigate urban air pollution. In Perugia the
question of traffic has been addressed by the local authorities through different solutions
for urban mobility such as a ropeway public transport system called Minimetrò. In
addition, a project of urban dust modelling in terms of properties, sources and fate of the
constituent particles is being carried out in order to check the situation and test the
effectiveness of abatement and control strategies.
The project, named PMetro (Castellini et al., 2013), integrates time/space resolved
environmental measurements from a mobile cabin in the Minimetrò line with
measurements from fixed urban and background monitoring stations. The preliminary
results of the study are the subject of this paper.
2. Materials and methods
Minimetrò is a light public transport system based on ~ 20 small cabins driven by a
wire rope continuously running at low speed (4–7 m/s) up and down along a radial
transect (~3 km) in the town. The travel time for a run is approx. 20 min. The cabins
travel on a monorail built 5 m above the road level. The path starts from a large suburban
parking area, it crosses various heavy traffic roads and road crossings, passes over a park,
climbs Perugia hill, and finally reaches the city center inside a tunnel (Fig. 1).
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Fig. 1. Pattern of the Minimetrò line with stations and instrumentations
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Time/space resolved environmental measurements from a mobile cabin in the
Minimetrò line are integrated with measurements from fixed stations located at the
terminals of the line. The mobile cabin mounts a miniaturized optical particle counter
designed for the purpose (OPC; FAI Instruments), and a nitric oxide monitor (NO; 2B
Technologies). The OPC allows to record the aerosol size distribution in 22 bins in the size
range 0.28–10 m with 6-10 s time resolution. The NO provides the gas concentration (g
m-3) at 10s time resolution. The fixed stations mount an OPC and an anemometer. High
frequency non-stop measurements of Radon (PBL stability monitor; FAI Instruments), O3,
NOx and CO (distinct monitors) concentrations, weather parameters, and particle size
distribution (OPC measurements; FAI Instruments), are performed in a fixed background
station in Perugia (PC; Fig. 1), and in a rural regional background site (Monte Martano;
Moroni et al., 2012; Moroni et al., 2013). This latter site (latitude 42°48’19”; longitude
12°33’55”) is located ~ 40 km south from Perugia, on the ridge of the Martani mountain
chain (altitude 1100 m asl). For its location and the quality of data it recently joined the
WMO Sand and Dust Storm - Warning Advisory and Assessment System (SDS-WAS)
program for automatic evaluation of modelled dust forecasts (http://sdswas.aemet.es/forecast-products/dust-observations/in-situ-measurements/monte-martano).
The traffic rates are regularly recorded (5 min time resolution) at two crossroads
intersected by the Minimetrò line. The complete dataset is downloaded once a week, and
then pre-processed using MATLAB codes for successive analyses. Intensive campaigns of
black carbon (Magee Scientific) and nanoparticle (miniDISC; Fierz et al., 2011)
measurements were also performed in the mobile cabin in winter and spring. Details on
the experimental setup are reported in Castellini et al. (2013).
Regular daily sampling is performed by a dual channel LVS impactor (SWAM 5a
DCM; FAI Instruments) on WHATMAN pre-fired quartz 47 mm filters. These samples
are employed for IC (DIONEX 500), after extraction by ultrasonication in ultrapure water
(18 MU), and for TOT (Sunset Carbon Analyzer) using the high-temperature NIOSH
protocol (Piazzalunga et al., 2011). Additional PM sampling is carried out by high volume
multistage impactors (HVS, 0.6m3 min_1, cut off diameters 0.39, 0.69 1.3, 2.1, 4.2, 10.2
m; TE60TOD, TISCH Environmental) on slotted quartz filters (TISCH). They are
employed for bulk chemical characterization by ICP-AES (JobynYvon, Ultima 2000), after
acid digestion of the samples in a HNO3:H2O2 (3:1) mixture. Single stage low volume
sampling (LVS, TECORA ECHO-PM) on polycarbonate 47 mm filters is performed in
coincidence with the HVS sampling. These samples are employed for SEM analysis.
Details on the analytical techniques are reported in Moroni et al. (2012).
3. Results and discussion
Aerosol particle size distribution has a roughly bimodal pattern all over the Minimetrò
line, with two main maxima in the fine and the coarse range, respectively (Fig. 2). General
shifting towards higher particle concentrations is observed in a few hours after the peaks
of traffic rate. Ultrafine particle number concentration profiles in the same time span (NPs
in Fig. 3) show remarkable maxima in the proximity of main crossroads, and deep minima
within the tunnel. The good correlation between NPs, black carbon (BC) and nitric oxide
(NO) patterns (Fig. 3) reveals a main contribution from exhaust vehicle emissions. All
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these facts point to the main impact of road traffic on ultrafine dust production and fine
particle re-suspension; in addition, a significant contribution by ultrafine particle
coalescence and/or growth can be postulated.
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Fig. 2. Range of particle size (Dp, µm) distribution along the Minimetrò line

100000
80000

NPs (part/L)

60000
40000
20000

12:00

12:15

12:30

12:45

13:00

13:15

13:30

12:30

12:45

13:00

13:15

13:30

12:45

13:00

13:15

13:30

6000

BC (ng/m3)
4000

2000

12:00
200000

12:15

OPC (part/L)

100000

40

NO (g/m3)

20
0
12:00

12:15

12:30

time (hh:mm)

Fig. 3. Nanoparticle (NPs), black carbon (BC), particle number (OPC; 0.28-0.4 m range), and NO
concentration profiles over the Minimetrò path in a common day in winter (February 2014). Yellow lines mark
the main crossroads, grey bars designate the tunnel section in the path
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Patterns of fine and coarse particle concentration at different height along the
Minimetrò path for different time spans during the day (Fig.. 4a, b) reveal the combined
effect of weather stability and traffic rates. In particular, in the early morning and the late
afternoon flattening of the PBL and increasing traffic rates get increasing values of the
particle number concentration; this is particularly evident at the main crossroad located at
~ 300 m a.s.l. (marked by the arrow in Fig. 4a). On the other hand, expansion of the PBL
in the middle of the day gets decreasing particle concentration numbers even at the highest
traffic rates (Fig. 4c, d).
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Fig. 4. Patterns of fine (a) and coarse (b) particle concentration (part/L) at different height along the Minimetrò
path for different hourly time spans during a common day in winter; values of the atmospheric stability index (Rn
level; c) and the traffic rates (d) in the same time spans

Dust advections from remote source areas provide a significant contribution to the
background levels of aerosol particles in Perugia. The contribution from Saharan dust
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Fig. 5. Effects of Saharan dust advections: (a) PM10, PM2.5 and PM2.5/PM10 ratios from SWAM measurements at
the regional (MM) and urban (PC) background sites during a Saharan dust outbreak in May 2013; (b)
PM2.5/PM10 ratio obtained after recalculation of OPC measurements at PdM and Pin urban fixed stations in the
same period
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advections, in particular, is well distinguishable for the coarse grain size (i.e., lower
PM2.5/PM10 ratios) of these advections; the good correlation between urban and regional
background levels is also well evidenced (Fig. 5a). Notwithstanding, the Saharan
contribution to the total dust may be different in different sites in the town (Fig. 5b), likely
due to local microclimate and exposure conditions affecting particle deposition. This is
particularly well evidenced from July to November, which is the period of increased soil
dust advections from different sources in Southern Europe (Kassomenos et al., 2012). In
this period coarse particle increasing levels were registered at higher altitude in the town
(Pincetto station; Fig. 6).

PM2.5/PM10 (Pin)

0.8

0.6

Mar 2013
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Jan 2014
Feb
Mar
Apr

0.4

0.3

0.4

0.5

0.6

0.7

0.8

0.9

PM2.5/PM10 (PdM)

Fig. 6. Pian di Massiano (PdM) vs Pincetto (Pin) PM2.5/PM10 ratios. Data recalculated from OPC measurements
(Saharan dust days marked by stars)

The contribution of the cabin ropeway transport system to the total dust has been
evaluated in the gallery. Patterns of OPC values within the gallery reveal greatest maxima
in the morning, just in concomitance with highest speed of the metro line, and no direct
relationship with vehicular traffic (BC levels in Fig. 7). Rather, individual particle
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Fig. 7. Fine (<1.1 m) particle OPC measurements and corresponding BC values in a fixed position in the
gallery in a winter day (Feb 2014)
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characterization revealed a main contribution from rubber (Cl, Si, S, Mg; Fig. 8a) and tierope (Fe, Cu; Fig. 8b) parts of the transport system itself. Bivariate plots of the chemical
composition of HVS multistage dust samples show clear correlations Fe-Al and Cl-Ba
outside the tunnel, and no correlation inside it. This fact points at variable contribution
from distinct sources for these elements in the two sites. In particular, Cl and Ba are
amongst the main constituents of rubbers in the tyres of the moving and the breaking
system, while Fe is from the rope pulling system of the cabin.
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Fig. 8. SEM-EDS microanalyses of a large rubber particle (a), and of fine metal particles upon the rubber particle (b)

4. Conclusion
This study is an attempt to provide a snapshot of the levels and sources of particle and
urban gas pollutants over a town during the time. Its peculiarity is the high resolution of
both space and time scales. The preliminary results point to the main impact of local
traffic in the aerosol properties through fine/ultrafine particle emission (exhaust and nonexhaust vehicle sources) and coarse particle re-suspension. The mode and extent of traffic
flows have been found to exert their greatest influence on particle number and size
distribution a short time after direct emission, maybe due to the combined action of
coagulation and re-suspension processes. On the other hand, the patterns of particle size
distribution in different positions along the Minimetrò path during the time are very
similar. This fact, which is well evidenced by statistics analytical tools (Lasinio et al.,
2014), points to the greater influence of the time over the space constrain on the particle
concentration variable.
Daily fluctuations of the particle concentration number show the influence of local
meteorology and topography on the development of the planetary boundary layer upon the
town. Topographic and exposure conditions may also affect coarse particle accumulation
rates through wind speed and temperature gradients. This fact clearly results at the
measuring station located at higher altitude in the town. It can explain the observed
remarkable, though variable, contribution of dust advections to the total dust load in
different sites in the town.
The impact of the mobile transport system has been evaluated by integrated single
particle-bulk chemical analyses of the sampled dusts. The results show significant amounts
of metal and organic species from the rope and the tyre moving and breaking systems,
respectively, both inside and outside the tunnel. The transport system itself can be, thus,
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considered an additional contamination source in the town.
In the light of all these points significant reduction of dust levels in Perugia can only
be attained after a deep re-modulation of traffic flows. The contribution of long range
transported aerosols can be directly evaluated by comparison with the rural background
site, and subtracted to the total amounts to obtain the extent of the contribution from local,
effective sources to PM levels. On the other hand, the extent of the contribution from the
transport system is variable and hard to quantify.
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