
 

XXXVIII Meeting of the Italian Section of the Combustion Institute 

ATMOSPHERIC IMPACT OF SHIPS EMISSIONS 

IN TWO ADRIATIC HARBOURS: BRINDISI AND 

VENICE 
 

A. Donateo*, E. Gregoris**, E. Merico*, E. Barbaro**, A. Gambaro**, 

D. Contini* 
a.donateo@isac.cnr.it 

* Istituto di Scienze dell’Atmosfera e del Clima, ISAC-CNR, 73100 Lecce, Italy 

** Istituto per la Dinamica dei Processi Ambientali, IDPA-CNR, 2137, Venezia, Italy 
 

 

Abstract 

Emissions 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. The objective of this work 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 two important 

port-cities of the Adriatic Sea: Venice and Brindisi. In Venice area, measurements 

were taken in 2007, 2009 and 2012 during summer, when the tourist ship traffic is 

at maximum. In Brindisi, measurements were performed in summer 2012 and in 

summer 2014. The two 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. High temporal resolution measurements, both for particle number and mass 

concentrations, were used for identification of single ship plumes and for 

quantitative statistical evaluation of primary contribution of ship emissions to 

atmospheric aerosol concentrations. Results show that, in 2012, the contribution of 

ships emissions to PM2.5 was 7.4 (±0.5) for Brindisi harbour and 3.5 (±1) for 

Venice harbour. The contribution to particle number concentration was 26 (±1) and 

6 (±1), respectively, for Brindisi and Venice harbour. Results show that the ship 

traffic contribution increases when particle size decreases and it is significantly 

larger on particle number concentration with respect to PM2.5. The inter-annual 

trends of the impact of shipping to atmospheric particles concentrations were 

investigated in the two areas showing a decrease in Venice correlated with the use 

of low-sulphur content fuel. 

 

Introduction 

Harbours are important hubs for social and economic development of coastal 

Mediterranean areas. However, ship emissions are also a significant source of 

atmospheric pollution in port-cities with potential effects on both human health and 

climate. A recent review showed that, in European coastal areas, shipping 
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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 [1]. Further, information on impact on ultrafine 

and nanoparticles is still fragmentary and not sufficient to have a global picture on 

this metric. International legislations to reduce ship emissions, both at Worldwide 

and European levels, are mainly based on the use of low-sulphur content fuel that 

is effective also in reducing primary impact of shipping to atmospheric aerosol [2]. 

The evaluation of the impact of ship emissions to atmospheric particulate 

concentrations was performed, in several harbours using different approaches: 

numerical simulations based on emission inventories, application of receptor 

models based on chemical markers of primary ship emissions (V and Ni) and 

statistical analysis of high temporal resolution concentration measurements. High 

temporal resolution measurements could be used for identification of single ship 

plumes and for quantitative statistical evaluation of primary contribution of ship 

emissions to atmospheric aerosol concentrations [3]-[6]. Available studies have 

often limited inter-comparability because of the heterogeneity of the approaches 

applied in different coastal/harbour areas and because of the differences in the 

logistic and meteorological conditions 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 PNC in two important harbours of the Adriatic 

Sea area: Venice and Brindisi. 

 

Description of the Harbours 

The two port cities studied, Brindisi and Venice, 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 two port-cities have a different volume ship traffic, with 

4643 and 2294 ships, respectively for Venice and Brindisi (reference year 2010), 

depending on the different vocation of harbour. Annual shipping emissions of the 

main pollutants are higher in Venice, 536 Mg for SO2 and 175 Mg for PM2.5, 

compared to those in Brindisi (104.8 Mg for SO2 and 111.1 Mg for PM2.5). The 

Venice area is in the Northeastern part of Italy, its 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, while commercial ships follows a different path in the 

lagoon and docks at Porto Marghera harbour located in the large industrial area of 

Venice. In the Venetian area there are significant local anthropogenic emissions 

due to the presence of urban area, to the presence of one of the largest Italian 

industrial zone and the presence of artisan glass factories (Murano island) and to 

the emissions of ship traffic within the lagoon. The measurement site (Fig.1a) 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. On arrival, ships navigate through the Giudecca channel, with engines on 
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and accompanied by tugs. Departing ships follow the same path out to sea. The 

area of Brindisi is located in the South-Eastern part of Italy. The 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, harbour, airport, petrochemical and power-plant 

emissions (there are three thermoelectric power plants in the area), and industrial 

emissions. The urban area of Brindisi is located near an international airport (about 

3 km NNE of the urban area). The measurement site “Terminal Passeggeri” was 

located in the intermediate zone of the harbour near the terminal passengers 

building (40° 38′ 43.32″ N–17° 57′ 36.39″ E) (Fig.1b). 

 

  
Figure 1. The two areas studied and the position of the measurement sites used in 

the analysis. a) Venice harbour and b) Brindisi harbour. 

 

Instruments 

The instruments used in Venice and Brindisi were very similar. A 

micrometeorological station placed at 9.6 m above ground level, based on a three-

dimensional ultrasonic anemometer (R3 Gill Instruments Ltd), operating at 100 Hz 

in calibrated mode, and a slow-response Rotronic MP100A thermo-hygrometer 

(Campbell Scientific). The station was coupled with a fast-response optical 

detector pDR-1200 (Personal Data logging Real time Aerosol Monitor by Thermo 

Electron Corp) used to measure PM2.5 concentrations (1 Hz). A Condensation 

Particle Counter (TSI, 3775 model) was used to measure (1 minute resolution) the 

total particle number concentrations. In Brindisi a mobile laboratory was installed 

inside the harbour area equipped with the same micrometeorological station used in 

Venice, a second optical detector pDR-1200 configured in the same way as in 

Venice and a Condensation Particle Counter (CPC, Grimm Aerosol Model 5.403) 

to measure (1 Hz acquisition frequency) the total particle number concentrations. 

Measurement stations, both in Venice and Brindisi, were equipped with a network 

video camera (AXIS 221) able to operate during night and day collecting photos 

every 30 s of the harbour areas. This was used to monitor departure/arrival of ships 

and to exactly synchronize the database of ship traffic with concentration 

measurements. 

a) b) 
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Contribution of Ships Emissions 

Experimental data in the different areas have been post-processed to evaluate the 

contribution of maritime activities to atmospheric pollutants. The primary 

contribution of shipping to atmospheric pollutants concentration is made of several 

short-term concentration peaks (typically between 10 and 20 minutes long). 

Therefore, high temporal resolution measurements could be used to put in evidence 

this contribution. The methodology used was developed of the Venice harbour in 

[5] and successively extended to Brindisi harbour [6]. An averaging time of 30 

minutes has been chosen as reference for the evaluation of the direct primary 

contribution of ship traffic ε to measured concentrations of the different 

atmospheric pollutants. For this evaluation, the average concentration in periods 

influenced by ship traffic is compared to the average concentrations without the 

influence of shipping using the formula: 

 

 

D

PP

D

PDSPDP

C

F

C

FCC
.   (1) 

 

where CDP is the average concentrations in the sector of wind directions associated 

to the harbour (WNW-ENE for Brindisi and NW-NE for Venice), 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 wind direction sector associated with harbour; FP is the fraction of cases 

influenced by ship emissions. 

 

Results 

The inter-comparison of the impacts to atmospheric particles concentrations, 

obtained from experimental data collected at the two areas, is reported in Table 1. 

In the table, only measurements performed after 01/01/2010 have been included in 

order to consider only periods after the implementation of the European Directive 

2005/33/CE on the use of low-sulphur content fuel in ships in European harbours. 

 

Table 1. Relative contributions of shipping to particulate matter concentrations. (*) 

Indirect calculation obtained considering the same absolute contribution of ships to 

PM2.5 and PM10 and a ratio PM2.5/PM10 equal to 0.78. 

 

Area PM2.5 (%) PM10 (%) * PNC (%) 

Brindisi 7.4 (±0.5) 5.8 (±0.4) 26 (±1) 

Venice 3.5 (±1) 2.7 (±0.8) 6 (±1) 

 

Results show that the ship traffic contribution increases when particle size 

decreases and it is significantly larger on particle number concentration with 
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respect to PM2.5 or PM10. This is similar to what has been observed also in other 

harbours [7][1]. As matter of fact, primary particles emitted by ships are 

predominantly in the submicron size fraction with significant fractions in the 

ultrafine and nanoparticles ranges [7][8]. This suggest that particle number 

concentration could be a more suitable metric to study the impact of ship traffic to 

atmospheric aerosol with respect to PM2.5 and PM10 mass concentrations even if it 

is not included in the European Air Quality Standards. The differences observed in 

the two harbours could be related to the different distances of the measurement site 

from the docking areas of the ships. 

 

Inter-annual trends 

In the studied areas there was an availability of data in different years and this 

allowed to investigate the inter-annual trends of the impact of shipping to 

atmospheric particles concentrations and its correlation with the trends in ship 

traffic. In Venice area, measurements were taken in 2007, 2009 and 2012 during 

summer when the tourist ship traffic is at maximum. Results show that the impact 

of tourist ship traffic to concentrations of fine particles (PM2.5) due to primary 

emissions of ship is decreased from 7% in 2007 to 3.5% in 2012 and, in the same 

period, the maritime ship traffic (in tons) is increased by 47% (Fig.2a). The 

decrease in the contribution was associated to the effect of a voluntary agreement 

(Venice Blue Flag) for the use of low-sulphur content fuel enforced in the area 

between 2007 and 2009 and to the implementation of the 2005/33/CE Directive in 

2010. 

 

  
Figure 2. a) Trends of ships traffic and primary contribution to PM2.5, PM10 and 

particle number concentration (PNC) at Venice tourist harbour, and b) Brindisi 

harbour. The average daily ship traffic in gross tonnage is also reported. 

 

In Brindisi, measurements were performed in summer 2012 and in summer 2014 

and allowed to investigate the trends in PM2.5 and PNC even if both years were 

after the implementation of the 2005/33/CE Directive. Results are reported in 

Fig.2b. There has been a slight increment on the average daily ship traffic (in gross 

tonnage) between 2012 and 2014 accompanied to a small decrease of the estimated 

direct contribution to PNC. In general terms, results show that the use of low-

sulphur fuels could be an efficient method also to reduce the impact of shipping on 

a) b) 
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primary aerosol concentration at local scale and not only to reduce gaseous SO2 

concentrations or particulate phase sulphate of secondary origin. 
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