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Abstract 

This study focuses on the measurement of the size distributions and the chemical 

composition of atmospheric fine aerosol particles measured in the proximity of the 
Napoli harbor. In particular, this study focuses on source apportionment for 

particles in the atmosphere of a costal urban area in order to correlate particle 

concentration levels with meteorological conditions, vehicle emissions and port 

activities. 
Measurements have been performed along a 6 month period from March to June 

2016. The analysis of the size distributions and the chemical characteristics of the 

collected particles shows that fine particulate matter (PM) of natural origin (sea salt 
aerosol) contributes significantly to the concentration of PM detected in the harbor. 

There is a contribution of PM of anthropogenic origin in conditions of high 

vehicular and naval traffic and under certain environmental conditions. PM 
concentration changes during the daytime: decreasing at nighttime and rising at 

peak hours of morning and evening traffic events (both maritime and vehicular). 

Sulfur is present in the collected particles despite of a limitation to the use of 

sulphur-containing fuels for the ships is prescribed by the Port Authority. Hence, 
other terrestrial activities in the harbor area make use of sulphur-containing fuels 

thus contributing to the increase of the secondary organic aerosol formation.  

 

Introduction 

Fine fraction of atmospheric aerosol particles is recognized to have a strong impact 

on the environment and to be of concern in health-related effects [1]. Particulate 

Matter (PM) is generated by different sources: natural (i.e., wind-borne dust, sea 
spray, volcanic ashes, biogenic aerosol) and anthropogenic (i.e., fossil fuel 

combustion, waste and biomass burning, industrial emissions), and by 

transformation in the atmosphere under sunlight irradiation of sulfates, nitrates and 
organic precursors from human and agricultural activities (secondary aerosol) [2].  

PM is rarely homogeneous: particles generally constituting PM vary greatly in size 

and shape, and PM chemical composition is related to the specific source and 
location of the emissions as well as successive modifications in the atmosphere 
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after the emission. Particles sizes range from a few nanometers to several tens of 

microns whereas the chemical composition is a complex mixture of organic and 

inorganic substances [3]. The complexity of PM chemical composition and its wide 
range of size and shape together with the variations during the time make the 

measure of airborne particulate matter very difficult and the individuation of the 

sources a challenge.  
Large urban areas are strongly impacted by pollution emissions from 

anthropogenic sources. The proximity of harbors to dense urban populations can 

exacerbate the pollution level because emissions from ships and related activities in 
ports could be of special importance. It has been recently shown that ship 

emissions lead to an increase in ambient air concentrations of fine particles directly 

generated by the ship engines (primary particulates) or formed in the atmosphere as 

secondary particulates due to the combined presence of NOx, sulphur-containing 
species and unburned hydrocarbons. To reduce particulate formation in the 

atmosphere, low sulphur fuels are currently prescribed to run engines in the 

proximity of the harbor or during port activities in order to enhance air quality and 
possibly prevent large health impacts due to ship emissions. 

Napoli metropolitan area, with a population of around 4.5 million and one of the 

largest seaports in the Mediterranean Sea, represents a case study for the analysis 
of the different sources of pollutants, i.e., the natural marine particulate matter and 

that deriving from anthropogenic activities specific of the port (ships and earth 

activities) and from urban activities (vehicle traffic and domestic heating).  

This study focuses on the measurement and characterization, in terms of size 
distribution and chemical composition, of the atmospheric particles sampled by a 

Low Pressure Electrostatic Impactor (ELPI). The aim of the study is to find out the 

possible sources of particles in the atmosphere of a costal urban area and to 
correlate the particle concentration levels with meteorological conditions, vehicle 

emissions and port activities. 

 

Experimental setup 
Surface measurements have been performed in the period March to June 2016 

close to the seaside by installing ELPI on the roof of the Autorità Portuale of the 

Napoli harbor. The measuring site is close to the sea (about 20 m from the coast) 
and to a traffic light of a high vehicular traffic road (about 100 m from via Marina). 

Therefore, contributions of atmospheric aerosols from different sources have been 

detected. Measurements have been made continuously for 4 months every second 
and stored on a personal computer for subsequent data analysis. 

Vehicular traffic on via Marina and movements of ships in the harbor have been 

monitored by a camera and registered. Conventional meteorological parameters 

(temperature, pressure, relative humidity, rain events) and the concentrations of the 
main pollutants have been also regularly measured. 

The distribution of the particle size is measured by an Electrical Low Pressure 

Impactor (ELPI, Dekati Ltd., Kansagala, Finland). The ELPI is a particle size 
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spectrometer for real-time monitoring of aerosol particle size distributions. The 

instrument is composed by a corona charger, a 12-stage cascade low-pressure 

impactor and a multichannel electrometer, which allows covering the entire 
measurement size range from 30 nm to 10 μm. An extra filter stage is added to 

extent the measurement size range down to 7 nm. The charged particles are 

collected on the 13 collection plates, and the current intensity value of each 
channel, which is proportional to the number of particles collected, is converted 

into particle aerodynamic size distribution using relationships describing particle 

size dependent properties of the charger and the impactor stages. The instrument 
sample flow is 10 L/min. Measurement data are then processed by the ELPI 

XLS4.05 software (Dekati Ltd.).  

PM collected on the collection plates of ELPI are analyzed for chemical analysis 

by a Scanning Electron Microscopy (SEM) coupled with an Energy Dispersive X-
rays Spectroscopy (EDX). SEM-EDX provides elemental analysis of the collected 

particles. 

 

Results and Discussion  

Different size distributions of the atmospheric particles have been measured during 

the field campaign at Napoli harbor. Figure 1 reports typical size distributions 
detected in specific daytimes (the size distributions are normalized to the maximum 

mass concentration of the prevailing size mode). It is interesting to highlight that 

these size distributions are repeatable, since can be detected every day 

approximatively at the same hour and are strongly dependent on the boundary 
conditions at the sampling location. Indeed, the particle side distribution (PSD) in 

Fig.1a is typical of rush-times at the traffic light whereas PSD in Fig.1b is typically 

detected when normal vehicular traffic is recorded by the camera on via Marina. 
The PSDs in Fig.1c and 1d are instead measured when ships approach or leave the 

harbor and in nighttime, respectively. 

The PSD in mass concentration are usually multimodal with particle sizes ranging 

from few tents of nanometers (the lower limit of the instruments is 7 nm) up to 
same microns.  

Particle size distribution at “rush-time” (Fig.1a) is comparable to the size 

distributions of the aerosol emitted by light-duty gasoline and diesel engines 
reported in the figure as full line – gasoline and dashed-line – diesel engine [4]. It 

shows a first mode at about 50 nm that comprises primary soot particles emitted by 

engines, a second mode at about 200 nm that comprises agglomerates of soot 
particles and a third mode at about 2 μm not seen in the PSD measured at engine 

exhaust. It is important to remind that PSD are normalized, therefore no indications 

on the different contributions – vehicular traffic or naval activity – can be given by 

the comparison of Fig.1.Particle size distribution when average vehicular traffic is 
observed in via Marina (Fig.1b) shows a predominant mode at about 500 nm that 

resembles the size distribution of heavy-duty engines reported in the figure as a full 

line [5]. A second mode at about 8 µm is also observed but not attributable to 
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vehicular traffic, as again from comparison with literature PSD of car engine. The 

size distribution named “Maritime traffic” (Fig.1c) shows a first size mode at about 

500 nm and a strong mode at 8 μm: it resembles the contribution of ship engines 
(full line in the figure) to the ambient aerosol [6]. Finally, the particle size 

distribution measured at nighttime resembles that of sea-salt reported in the figure 

for comparison. Overall, Figure 1 clearly shows that by following the evolution of 
the different modes of the size distribution it is possible to follow the contribution 

of different sources to the atmospheric aerosol. 
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Fig.1a - Rush time 

Full-line: gasoline engine; Dashed-line: diesel engine 
Fig.1b - Vehicular traffic 

Full-line: heavy-duty engine 
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Fig.1c - Maritime traffic 

Full-line: ship engine 
Fig.1d – Nightime 

Full-line: sea salt (marine aerosol) 

 

Figure 1: Normalized particle size distributions measured at different daytimes 
 

Figure 2 reports the concentrations of the different modes of the PSD in terms of 

PMx (mass concentration of particulate matter with sizes below x μm) measured in 

the first week of April 2016. Peak PMx concentrations are associated to the 
different sources (vehicular traffic and maritime traffic) based on the shape of the 

PSD (Fig.1) and the observations of vehicular traffic on via Marina and maritime 

traffic in the harbor. A clear increase of the mass concentrations of PM is observed 
at rush times in via Marina (8-10 am and 5-7 pm) and when ships enter and leave 

the harbor. The PM10 concentration is on average close to the ambient limit of 50 

μg/m3 but is up to three-times higher at specific hours of the day in correspondence 
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to vehicular traffic and to the approach of the ships to the harbor. 
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Figure 2: PM concentrations measured in the first week of April 2016 

 

Finally, the PM collected on the each single stage of the ELPI has been 

characterized by SEM-EDX for an elemental analysis of the collected materials. 
Hence it has been possible to obtain information on chemical features on single 

portions of the PSD. Data show that a large presence of sodium, chlorine and 

carbon in coarse mode particles (sizes from 1 to 2 μm); the first two elements 
characterize the marine aerosol. For the ultrafine aerosol (100 - 200 nm), on the 

other hand, both sodium and chlorine concentrations decrease, whereas carbon 

concentration increases, indicating a strong contribution of the combustion-
generated particles to atmospheric aerosol. Almost constant concentrations have 

been registered for all the other elements detected. In particular, it should be noted 

the low, but not negligible, sulfur content (3% wt.); the use of sulphur-free fuels for 

the ships approaching the harbor is prescribed by the Port Authority. The presence 
of sulphur in the aerosol might be due to other terrestrial activities in the harbor 

area that make use of sulphur-containing fuels thus contributing to the increase of 

the secondary organic aerosol formation.  
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