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 
Abstract—Emissions of atmospheric pollutants from ships and 

harbour activities are a growing concern at international level given 
their potential impacts on air quality and climate. These close-to-land 
emissions have potential impact on local communities in terms of air 
quality and health. Recent studies show that the impact of maritime 
traffic to atmospheric particulate matter concentrations in several 
coastal urban areas is comparable with the impact of road traffic of a 
medium size town. However, several different approaches have been 
used for these estimates making difficult a direct comparison of 
results. In this work, an integrated approach based on emission 
inventories and dedicated measurement campaigns has been applied 
to give a comparable estimate of the impact of maritime traffic to 
PM2.5 and particle number concentrations in three major harbours of 
the Adriatic/Ionian Seas. The influences of local meteorology and of 
the logistic layout of the harbours are discussed. 
 

Keywords—Ship emissions, PM2.5, particle number 
concentrations, impact of shipping to atmospheric aerosol. 

I. INTRODUCTION 

MISSIONS of atmospheric pollutants from shipping and 
harbour activities are a growing concern at international 

level and, specifically, in the Mediterranean area. The 
continuous increase of global trade and of harbour services 
made maritime transport a key contributor to atmospheric 
pollution [1]. 

Nearly 70% of the ship emissions occur within 400 km of 
land [2] and in-port ship and harbour-related emissions 
represent only a small fraction of the global emissions 
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associated to shipping. However, they can have important 
impacts on air quality and climate on coastal regions as well as 
on health of local communities [3]-[5]. 

The evaluation of the impact of ship emissions to 
atmospheric particulate concentrations was performed, in 
several harbours using different approaches. The first 
approach is based on model simulations and emission 
inventories, in which the main uncertainty is related to the 
accuracy of emission inventories used [6]-[8]. A second 
approach is based on the application of receptor models for 
source apportionment of atmospheric aerosol looking for the 
markers of primary ship emissions, typically Ni and V [9]-
[14]. The main difficulty with receptor models is the non-
specificity of the markers that could originate also from 
industrial releases or oil combustions [15]. High temporal 
resolution concentrations and size distributions measurements 
have also been used for identification of single ship plumes 
and for quantitative statistical evaluation of primary 
contribution of ship emissions to atmospheric aerosol 
concentrations [16]-[19]. A recent review showed that, in 
European coastal areas, shipping emissions contribute with 1-
7% of ambient air PM10 levels, 1-14% of PM2.5, and at least 
11% of PM1, further emissions from shipping may enhance 
new particle formation processes in urban areas [20]. A gap 
present in available data regards the homogenisation of 
monitoring strategies and the inter-comparability of results 
obtained in different coastal/harbour areas given to the 
heterogeneity of the approaches used and to logistic and 
meteorological specificities of the areas studied.  

The objective of this paper is to give a comparable 
assessment of the impact of ship traffic and harbour activities 
to atmospheric PM2.5 and particle number concentrations 
(PNC) in three important post-cities of the Adriatic/Ionian 
Seas areas: Venice (Italy), Brindisi (Italy), and Patras 
(Greece). The work was developed within the framework of 
the POSEIDON project (Pollution monitoring of ship 
emissions: an integrated approach for harbours of the Adriatic 
basin, MED 2007-2013 Programme). The analysis is based on 
an integrated approach using emission inventories and 
dedicated measurement campaigns. 
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II. THE MEASUREMENT SITES AND THE EMISSION INVENTORIES 

A. Measurement Sites 

 

 

 

 

Fig. 1 From top to bottom: location of the measurement sites, detail 
of Venice site, detail of Brindisi site, detail of Patras site 

The measurement sites are located near three major 
harbours of the Adriatic/Ionian area (Fig. 1). The first site is in 
the Northeastern part of Italy near the Venice tourist harbour 
(Passenger Terminal). The second site is located in 
Southeastern Italy inside the harbor area of Brindisi. The third 
site is located on the North part of the Peloponnese peninsula 
near the new harbour area of Patras (Greece). The three 
harbours have significant differences in the typology of ship 
traffic as well as in the volume of traffic and in the layout and 
logistic organization that could influence the impact of 
pollutant emissions on nearby urban areas.  

The Venice harbour is located in a lagoon and it is divided 
into two parts. Passenger ships dock at the Stazione Marittima 
located near the urban area (specifically studied in this work, 
Fig. 1), instead, commercial ships follows a different path in 
the lagoon and docks at Porto Marghera harbour located in the 
large industrial area of Venice at about 6 km WNW from the 
measurement site. The measurement site is located at about 1 
km S of the passenger terminal, in the Sacca San Biagio island 
(45° 25’ 38.50” N – 12° 18’ 33.86” E), at the end of the 
Giudecca channel, the navigational channel for tourist ships 
moving to and from the Venice cruise ship terminal (Fig. 1). 
On arrival, ships navigate through the Giudecca channel, with 
engines on and accompanied by tugs. Departing ships follow 
the same path out to sea. Prevalent wind direction in the 
Venice area shows a clear daily pattern with winds coming 
from NNE-NE directions, following a circulation from the 
Alps mountains, mainly during the night and winds coming 
from SSE-SE during the day, from the Adriatic Sea, especially 
in spring and summer seasons [21]. This is an important aspect 
in the interpretation of the maritime transport impact because 
the measurement site is downwind of ship and harbour 
emissions only during the night and the first hour of the 
morning, however, it is rarely downwind of the emissions 
between 10am and 10pm. 

The Brindisi area is included in the list of SIN (National 
Sites of Interest) for relevant and potentially dangerous 
pollution, according to Italian Legislation (D.M. 471/99). The 
municipality of Brindisi is characterised by a quite 
complicated scheme of emission sources including urban 
emissions (88500 inhabitants), harbour, airport, petrochemical 
and power-plant emissions (there are three thermo-electric 
power plants in the area), and industrial emissions. Near 
Brindisi is present a large industrial area The Brindisi harbour, 
with commercial and tourist ship traffic, is divided in three 
zones. The internal zone (about 700000 m2 with 2 km of 
docks) could accommodate at the same time up to 8 Ro-Ro 
ships and it is mainly dedicated to tourist activities. The 
intermediate zone (about 1200000 m2 with 3 km of docks) is 
dedicated to commercial ships. The outer zone (Costa Morena) 
is dedicated to the traffic of coal-ships, bulk carriers, and 
small general cargo. Brindisi faces the sea towards E. The 
meteorology of the Brindisi area is characterised by two 
prevalent wind directions: NW-NNW and SSE. However, a 
specific daily pattern in wind direction is not present. The 
highest wind velocities are generally associated to the NW-
NNW directions. The Brindisi measurement site was located 
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selected. Successively,   is evaluated using (1): 
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(1) 

 
where CDP is the average concentrations in the selected wind 
direction sector considering periods potentially influenced by 
ship emissions, CDSP is the average concentrations not 
significantly influenced by ship emissions, CD is the average 
concentration in the specific wind direction sector, and FP is 
the fraction of cases influenced by ship emissions. Results are 
reported in Table II. The direct contribution to PNC is 
significantly larger with respect to the contribution to PM2.5 in 
all the harbours studied. This is in agreement with the 
observation performed in Cork, Ireland [26]. This happens 
because primary particles emitted by ships are predominantly 
in the submicron size fraction and shipping emissions could 
increase particle number concentrations in the ultrafine size 
range [26]-[28]. The relative direct contributions calculated 
for Brindisi are larger than those observed in Venice and 
Patras. This could be due to the different distances of the 
measurement sites from the docks of the harbour (it was larger 
in Venice and Patras). However, it could also reflect the 
different weights in the emissions (Fig. 2) and the effect of 
local meteorology and micrometeorology. For example, in 
Venice the air masses circulation make the measurement site 
influenced by ship only in specific periods in the morning 
(generally associated with ship arrivals) interesting about one 
half of the entire passenger ship traffic. 

 
TABLE II 

DIRECT RELATIVE CONTRIBUTION OF SHIP TRAFFIC TO PM2.5 AND TO 

PARTICLE NUMBER CONCENTRATIONS 

Site PM2.5 PNC 
Venice 3.5% (± 1%) 6% (± 1%) 

Brindisi 7.4% (± 0.5%) 26% (± 1%) 

Patras 3.8% (± 1.4%) 11% (± 3.8%) 
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