
Testing and development of air quality 
mitigation measures in Southern Europe

Layman’s Report LIFE11/ENV/ES/584 - 01/10/2012 - 30/09/2016 - http://airuse.eu

http://airuse.eu


02 03 

PM pollution in urban areas of Southern 
Europe is mainly anthropogenic (traffic, 
domestic, industry, harbour and shipping 
emissions) and a number of problems 
differ from those of Northern and Central 
European cities. Therefore, measures 
to combat air pollution will also need to 
differ to some extent. 

The quality of the air we breathe is integral to a healthy life and 
welfare of all citizens. Without proper control, socio-economic 
urban growth is accompanied by an increase in emissions of at-
mospheric pollutants. These pollutants are emitted as gases and 
particulate matter (PM), which are then breathed, worsening the 
quality of life. In Europe, for example, high levels of particles re-
duce life expectancy on average by nine months. 

Atmospheric PM is complex and comes from many different sourc-
es, deriving from both human activities (anthropogenic sources) and 
natural processes. Specifically, AIRUSE has focused on the study of 
air particles with an aerodynamic diameter of 10 μm or less (the 
so-called PM10) and 2.5 μm or less 
(the so-called PM2.5), because they 
can have a major impact on health, 
since they are related to pulmonary 
and cardiovascular diseases, espe-
cially in asthmatics, the elderly and 
children. In addition, atmospheric 
PM influences climate due to its in-
teraction with solar radiation. 

The lowest concentrations of PM10 
and PM2.5 are generally found in 
Northern Europe and the highest 
in Southern and Eastern Europe. In 
Southern Europe there are various 
factors that favour high concentra-
tions of atmospheric pollutants, 
such as an elevated level of emissions; the high density architec-
ture of many cities, which impedes the dispersion of locally emit-
ted pollutants; low rainfall, weak winds and high solar radiation, 
which all favour the formation and accumulation of pollutants; 
and the proximity to the deserts of North Africa. 

Typical anthropogenic PM contributions in Southern Europe are 
in most cases dominated by vehicle exhaust, domestic and indus-
trial emissions. Additionally, there is an important contribution 
of urban dust (from deposited dust arising from brake, tyre and 
road abrasion, construction/demolition, and to a minor extent 

from regional dust emissions due to the wind). In addition to road 
traffic, important sources are biomass burning from residential 
heating (notably wood-burning stoves); forest fires and the burn-
ing of agricultural wastes; and harbour and shipping emissions. 
Industrial PM emissions arise from both channelled and fugitive 
sources; the latter can be of great relevance, especially in dry 
areas. Finally, the African dust contribution may increase the PM 
load either directly or indirectly, in the latter case by deposition 
on the ground and subsequent resuspension by vehicles or wind. 

The current policy efforts at different levels have not fully de-
livered the expected results, specially regarding attainment of 

WHO (World Health Organization) 
guidelines. In spite of the numer-
ous efforts and significant im-
provements, serious air pollution 
impacts still persist in specific  
areas. Several urban and indus-
trial areas in Europe are not ca-
pable of meeting the current EU 
standards for PM. 

Cities are aware of this situation 
and this is the reason why the  
AIRUSE LIFE+ project (“Testing 
and Development of air quality 
mitigation measures in South-
ern Europe”-LIFE11 ENV/ES/584, 
www.airuse.eu) has been developed. 

AIRUSE‘s big challenge has been to test and adapt, for the special 
geographical and meteorological characteristics and emission 
sources of Southern Europe, specific mitigation measures, some 
of which have already been tested in Northern Europe, in order to 
apply them in an efficient way. In this sense, five Southern Euro-
pean cities (Athens, Barcelona, Florence, Milan and Porto) have 
collaborated closely to abate concentrations of PM10 and PM2.5 
in the air we breathe.

An essential key to improve  
air quality for the citizens

A better understanding of the 
causes of the exceedances of the air 

quality guidelines for PM, and not 
just the monitoring of ambient air 

pollutant concentrations, is needed. 
Competent air quality management 

is required in order to ensure 
compliance with the health-based 

limit values and minimization of the 
consequences of poor air quality.
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AIRUSE LIFE+ has been looking for spe-
cific and realistic solutions. Therefore, 
the main task has been to identify actions 
which can be taken by the authorities and 
citizens to abate air pollution, in order to 
meet air quality standards and to comply 
as far as possible with the WHO guidelines.

So, how does AIRUSE LIFE+ 
assess the emission sources 
in a city that cause poor air 
quality?

To identify the causes of air pollution, 
particles of different sizes were collected 
over a year in 5 cities and their chemical 
composition was analysed. Mathematical 
models were then applied to identify and 
quantify the source contributions to the PM 

concentrations, and ways to improve the 
situation were suggested.

The first action was thus to obtain harmo-
nized source contributions to PM10 and 
PM2.5 for AIRUSE LIFE+ cities in 2013, 
and to identify the contributions responsi-
ble for exceedances of the PM air quality 
standards. 

Another goal has been the assessment 
of the effectiveness of specific measures 
used for air pollution abatement (such as 
street washing and the use of dust binders 
to reduce road dust resuspension, low 
emission zones, operating conditions for 
residential biomass burning, and indus-
trial emissions mitigation policies).

In order to ensure the dissemination of 
the main results to the key stakeholders,  

AIRUSE LIFE+ has generated detailed 
reports and good practice guidelines (re-
porting these in seminars to city councils, 
regional governments, Ministries of Envi-
ronment and the European Commission).                                                                                                         
Furthermore,  AIRUSE LIFE+ has offered 
courses for teachers and students. These 
actions ensure the usefulness of results 
beyond the duration of the project.

Finally, the results have also been disse- 
minated through the media to highlight the 
problems and potential solutions, as well as 
to inform citizens and to guide them on how 
they can contribute individually to improving 
air quality. A number of current air quality 
plans reference to AIRUSE LIFE+ for guiding 
specific implementations of measures. 

Air quality trends and   
source apportionment

The analysis of the PM10 time series of the five AIRUSE cities 
showed that the reduction in PM levels ranged from 32% - 49% 
in the period from 2001 to 2013, indicating a clearly beneficial 
effect of environmental policies on air quality in recent years. 
The major directives on industrial emissions and PM vehicle 
emissions, the EURO directives, had very evident impact on the 
decreasing trends, as did local measures, though these were 
less pronounced. 

However, to meet EU PM standards and WHO guideline levels 
important actions are still required for the future in specific 
regions. During high pollution days, road traffic is the major 
source of PM10 and PM2.5 at most sites, and biomass burning is 
the second largest source in Florence, Milan and Porto. On such 
days, PM contributions from industry, in Barcelona, and local 
dust, in Porto, are also significant. 

It should be highlighted that the origin of PM2.5 was found to be 
mainly secondary (a secondary pollutant is not directly emitted 
as such, but it is formed when other primary pollutants react in 
the atmosphere) of all the urban background sites studied. Thus 
PM abatement should also focus on gaseous NOX, SO2, NH3 and 
VOC pollutants, which are precursors of the secondary PM.    

Road dust and soil  
dust mitigation measures

Road dust resuspension is an important source of PM in Southern 
European cities. AIRUSE LIFE+ provides the first comprehensive 
evaluation of mitigation measures in Southern Europe, where 
peculiar climatic conditions may influence their efficacy. The 
tested measures include street sweeping, street washing with 
water only, and water with specific dust suppressants such as 
Calcium Magnesium Acetate (CMA) and Magnesium Chloride 
(MgCl2). 

Different kinds of environments were evaluated: a typical urban 
road, an industrial paved road, an industrial unpaved road and 
an urban park, where an organic polymer was tested to reduce 
soil/sand resuspension.

AIRUSE LIFE+ demonstrated low effectiveness of dust suppres-
sants in abating PM pollution in these environments. High so-
lar radiation may reduce the efficiency of dust suppressants on 
paved or unpaved roads. 

The results showed positive effects for water flushing but during 
a limited period of time in most cases (up to 8 h after road clean-
ing). Organic polymers proved effective for several days, but on 
unpaved non-road areas.

AIRUSE LIFE+ recommends applying water flushing in urban 
roads of Southern European cities using phreatic urban water a 
few hours before the morning traffic rush hour during extend-
ed dry periods when resuspension is important, and after in-
tensive African dust episodes when dust deposition increases 
resuspension. 

What have been the main tasks 
undertaken by AIRUSE LIFE+ to      

improve air quality?
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Biomass burning

AIRUSE LIFE+ yielded emission factors for PM10 and PM2.5 and 
their components, including benzo[a]pyrene (BaP, a well-known 
carcinogenic compound largely associated with solid fuel com-
bustion) and metals, for a large number of typical Southern EU 
biofuels and different types of combustion appliances, including 
eco-certified and pellet stoves. 

The biofuels studied included different types of wood, agricul-
tural wastes, ENplus (a quality seal for wood pellet) certified and 
non-certified pellets, the latter including in most cases recycled 
wood products, wood waste and industrial wood residues. 

The use of ENplus certified pellets with eco-labelled pellet stoves 
was the only combustion condition allowing current PM pellet 
emission standards applied in Germany (the strictest regulation 
in EU) to be met. 

With regard to BaP emissions, the modern small scale heat-
ing systems with “new” combustion technologies, such as the 
eco-labelled stove, may release elevated concentrations when 
softwood is used. Pellet stoves emitted significantly lower BaP 
levels. 

Accordingly, it is strongly recommended to certify not only com-
bustion appliances but also, in the case of pellets, to allow only 
ENplus certified pellets to be used and to avoid the use of re-
cycled industrial wood (with potentially high metal loads); it is 
also recommended to establish compulsory controls of biomass 
burning, especially in dense urban agglomerations.

Industrial emissions

The identification of emissions-related industrial activities and 
the quantification of primary PM emissions (from channelled and 
fugitive sources) are crucial to identifying how current PM mitiga-
tion measures can be improved. 

In the metropolitan areas of the five AIRUSE cities, the industrial 
sectors emitting most primary PM10 and PM2.5 are: metals pro-
duction and processing, the mineral industry, energy production, 
paper and wood production and processing, and handling and 
transport of bulk dusty materials in ports.

As the origin of PM2.5 was found to be mainly secondary, AIRUSE 
LIFE+ recommends applying strategies to reduce, not only pri-
mary PM, but also the emission of gaseous pollutants (consi- 
dered as precursors of secondary PM) and heavy metals of high 
volatility. With regard to combustion or high-temperature indus-
trial processes, it is also recommended to regulate maximum 
temperatures in exhaust gases to improve control efficiency.

On the other hand, to overcome the common weaknesses found in 
the identification of emissions-related industrial activities and the 
quantification of PM emissions, recommendations include: updat-
ing periodically the list of industrial activities and the Best Availa-
ble Techniques implemented for chanelled and fugitive emissions 
control, improving fugitive emissions data inventories, applying a 
bottom-up approach methodology in the regional inventories of PM 
industrial emissions and harmonising the key control parameters  
(Total Suspended Particulate (TSP), PM10 and PM2.5).

     

Mitigation measures from Northern 
and Central Europe: effectiveness and 
limitations 

The EU air quality standards and WHO guidelines for NO2 and 
PM10 remain difficult to achieve in many cities due to several fac-
tors, most notably the increase in the number of diesel cars.

Scientific reviews of the efficiency of air quality measures ap-
plied by Northern and Central EU Member States have been con-
ducted. These address street cleaning; dust suppressants; low 
emission zones (LEZ); discouraging diesel cars; encouraging use 
of electric vehicles, hybrids and gas vehicles; eco-efficient car 
labelling; traffic NOX abatement measures; measures to reduce  
shipping emissions; measures to reduce biomass burning emis-
sions from residential heating; and air quality/climate policy sy- 
nergies/interferences. AIRUSE LIFE+ produced technical reports 
on each of these topics; a summary of these is presented below.

For LEZ to be efficient, the measures need to be stringent and 
to apply to passenger cars, heavy duty vehicles, light duty vehi-
cles, motorbikes and old and new cars. Other recommendations 
are: producing common EU Ecolabelling of vehicles, promoting 
cleaner vehicle technologies that require consistent long-term 
policies and providing public information on the air quality impli-
cations of fuel choice.

Moreover, controls have started on SOX emissions from shipping 
and there is some evidence that ambient concentrations of SO2 
have consequently been reduced in EU harbours. Low-sulphur 
fuel is currently considered the best short-term solution for mi- 
tigation, with scrubbers being a solution in the medium term, and 
dual-fuel (usually made of natural gas and diesel) and liquefied 
natural gas (LNG) being considered as longer-term solutions.

Natural sources

The major natural PM sources affecting ambient air quality are: 
wind-blown desert dust, wind-blown micro-drops of sea water 
which evaporate in the atmosphere releasing sea salt, volcanic 
activity, wildfires and biogenic sources (such as plants and trees). 
These sources are often underestimated but, depending on the 
geography and climate patterns, they may contribute significant-
ly to increasing ambient air PM concentrations. 

The AIRUSE LIFE+ project has assessed the effect of sea salt, 
desert dust transported to Europe from Africa and forest fires on 
the ambient PM concentrations at the five studied cities. 

AIRUSE LIFE+ has suggested specific measures to reduce the 
population’s exposure to African dust by informing the popu-
lation involved, using forecast systems, in addition to street 
cleaning to abate resuspension of deposited dust by road traffic 
after intensive African dust outbreaks.

AIRUSE LIFE+ AIRUSE LIFE+ 

* NASA image courtesy Jeff Schmaltz, MODIS Rapid Response Team 
at NASA GSFC.
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Source apportioment and proposed 
measures to improve urban air quality 

in Southern European cities

One of the main objectives of the AIRUSE LIFE+ project has been 
to determine the emission sources affecting ambient air PM con-
centrations in cities of Southern Europe and to identify those 
causing exceedances of the EU air quality standards. We show in 
Figure 1 PM10 annual average source contributions for the five  
AIRUSE LIFE+ cities in simplified pie charts.

Figure 1. PM10 annual average source contributions in simplified 
pie charts. Values are in μg/m3 and in % of PM10. 

The measures that can be adopted to reduce ambient air PM 
pollution in the AIRUSE LIFE+ cities are summarized below.  
These measures have been prioritized in Table 1 according to a 

colour scale, from dark blue (highest priority) to white (lowest 
priority) depending on the PM source contribution determined by  
AIRUSE LIFE+ in each city and the efficiency of the measure.

BARCELONA URBAN BACKGROUND

Secondary nitrate; 
2.1; 9%

Secondary sulphate; 
5.9; 26%

Traffic; 
7.1; 31%

Saharan dust;
 0.3; 1%

Sea salt; 
1.5; 7%

Industrial; 
2.5;

 
11%

Heavy oil combustion; 
0.9; 4%

Local dust;
 2.5; 11%

FLORENCE URBAN BACKGROUND

Traffic; 
5.7; 29%

   Unaccounted; 
0.4; 2%

Secondary nitrate; 
1.6; 8%

Local dust;
 2.3; 12%

Biomass burning; 
 3.1; 16%

Sea salt; 
0.6; 3%

Heavy oil combustion; 
0.9; 5%

Secondary sulphate; 
4.0; 21%Saharan dust;

 0.7; 4%

PORTO TRAFFIC SITE

Secondary nitrate; 
1.2; 4%

Secondary sulphate; 
3.5; 10%

Industrial; 
1.2;

 
4%

Traffic; 
12.3; 36%Local dust;

6.4; 19%

Biomass burning; 
 4.7; 14%

Sea salt; 
4.4; 13%

ATHENS SUBURBAN BACKGROUND

Secondary nitrate; 
1.7; 8%

Secondary sulphate; 
4.2; 20%

Traffic; 
4.6; 21%

   Unaccounted; 
1.6; 8%

Local dust;
 2.1; 10%

Biomass burning; 
 1.4; 7%

Sea salt; 
1.6; 8%

Heavy oil combustion; 
0.8; 4%

Saharan dust;
 3.0; 14%

MILAN URBAN BACKGROUND

Secondary sulphate; 
5.5; 14%

Secondary nitrate; 
3.5; 9%

Industrial; 
3.7;

 
10%

Traffic; 
11.5; 29%

   Unaccounted; 
2.1; 5%

Local dust;
2.6; 7%

Biomass burning; 
9.1; 24%

Sea salt; 
0.7; 2%

SECTOR MEASURE ATHENS BARCELONA   FLORENCE MILAN PORTO

Improving public transportation
Low emission zones 
Renewal of car/taxi/motorcycle fleet 
Reducing number of cars in the urban areas
Cycling paths and pedestrian lanes
Lowering traffic speed to reduce resuspension
Park and ride
Parking management for air quality
Promoting low-carbon and low-NOX vehicles and diesel retrofit
Reducing road transportation for goods
Improving public fleet 
Restriction of access to the city centre 
Car-sharing
Street cleaning
BUS-HVO lanes
Reducing pricing of public transport
Vehicle and road maintenance
Random test on vehicle emissions
Mobility card
Combating the illegal trade of adulterated fuel
Stricter legislation for harbour

Stricter legislation for industrial heavy fuel oil users

Abating urban and non-urban NH3 emissions 

Abating urban NOX emissions
Reduction of secondary sulphates precursors (SOX, NH3 and H2S)

Storage and handling  of dusty materials

Water spraying

Paving unpaved areas
Street flushing and washing
Updating industrial activities inventories and to carry out a  
proper quantification (channelled and fugitive emissions)
Imposing high standards for fuels and BATs (channelled and 
fugitive emissions), and  increase inspections to facilities

Promoting the conversion of oil burning power plants to gas 
power plants

Reducing the emissions of precursors of secondary particles

Improving control of urban waste incinerators

Energy and emission classification for burning appliances
Rules for new systems installation
Biomass burning regulations
Biomass combustion use (best practices)
Regulations for open biomass burning
Reduction of low efficiency wood burning for residential heating

Wild fires

Commercial charbroiling

Environmental education and awareness raising

Road traffic

Shipping/Heavy 
oil combustion

Precursors of  
secondary particles

Urban works/
Mineral

Industrial

Biomass burning

Other sources

Inter-sectional

AIRUSE LIFE+ AIRUSE LIFE+ 



The most important socio-economic bene-
fits of the project are:

Policy effectiveness
The AIRUSE LIFE+ project has provided 
knowledge and advice for the air quality 
authorities and stakeholders in order to 
adapt cost-effective air quality measures 
for ad-hoc South European regulation. 
AIRUSE LIFE+ advice has already been 
included in a number of current air qua- 
lity plans.

Air Pollution Management
AIRUSE LIFE+ studies have provided in-
sight into the potentials of source ap-
portionment methodology and the pos-
sibility of its future incorporation into air 
pollution management and the European 
air quality legislation. The collaboration 

between the four countries involved and 
the pooling of findings from all five stu-
died cities have provided added value 
to the project outcomes and yielded re- 
commendations on the adaptation of best 
practices to the specific geographical and 
climate patterns and emission sources 
of Southern Europe. Reports have been 
presented in situ to stakeholders (city 
councils, regional and national admi- 
nistrations) in the four Southern Euro- 
pean countries involved, as well as in the  
UNECE-EMEP and DG Environment of the 
EC, in addition to scientific and techni-
cal AIRUSE-organised and other events.  
Networking activities with a large number 
of other LIFE+ and national and interna-
tional projects have also contributed to 
communicating important results for air 
quality management.

Employment
Air quality measures can affect regional 
employment. Companies and industries 
that need to comply with the new mea-
sures will attract and retain skilled staff. 
Possible job gains might arise from the 
need for additional staff to implement 
new measures.

Public awareness
The importance of all the project actions 
and their effect on air quality has been 
communicated in several media (web-
site, leaflets, presentations at schools 
and other institutions, interviews, mass 
media releases, participation in TV and 
radio programmes) and the response of 
different groups has been remarkable. 

What are the benefits of AIRUSE LIFE+ 
for the socio-economic development?

How can I get more information 
about the AIRUSE LIFE+ project?

The project is coordinated by IDAEA-CSIC, and involves public and private institutions from Spain, United Kingdom, Portugal, Italy and 
Greece. Complete reports on PM source apportionment analysis, effectiveness of measures and recommendations, as well as a summary 
report for stakeholders are available at: http://airuse.eu/es/outreach-dissemination/reports/

Also watch the video
http://airuse.eu/en/outreach-dissemination/media-gallery/video-test/

Contact  Coordinating Beneficiary  

Participants

Italy
Agenzia Regionale per la Protezione 
dell’Ambiente de Lombardia
www.arpalombardia.it

 

Portugal
Universidade de Aveiro
www.ua.pt

 
 

Italy
Università degli Studi de Firenze
www.unifi.it

 

 
 

 
 Spain

ITC- Instituto de Tecnología Cerámica
www.itc.uji.es

Greece
National Center for scientific  
research “Demokritos”
www.demokritos.gr

United Kingdom
University of Birmingham
www.birmingham.ac.uk

Project Manager - Spain
www.idaea.csic.es

xavier.querol@idaea.csic.es
+34 934 006 149 
http://www.airuse.eu  
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This report has been produced by 
the consortium in charge of executing the AIRUSE LIFE+ project.

This publication intends to create awareness among policy makers on best measures               
to improve air quality at European and National levels of European cities.

Start and end project dates: 01/10/2012 - 30/09/2016
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