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1. SUMMARY  

AIRUSE created the first harmonized PM dataset of five European cities for PM10 and 

PM2.5 levels and chemical composition, following the same sampling protocol for 1 year 

period in Barcelona (Spain), Porto (Portugal), Florence and Milan (Italy) and Athens 

(Greece). All sites met EU annual limit value for PM10 (40 µg/m
3
). However, the annual EU 

target value for PM2.5 (25 µg/m
3
) was exceeded in Porto (26 µg/m

3
), Milan (31 µg/m

3
), and 

in Barcelona during a short campaign (26 µg/m
3
). The main aerosol components were 

carbonaceous matter, sulphate and ammonium mostly found in the fine fraction, and nitrate 

that was prevalent in the coarse fraction. Mineral dust also had high mass contribution in 

coarse particles. Mean levels of elemental carbon, EC ranged from 0.4 µg/m
3
 to 1.9 µg/m

3
. 

Levels of EC at traffic sites were 4 to 5 times higher than at urban background sites. The 

highest mean levels of organic matter, OM (15.7 µg/m
3
) were found in Milan. High sulfate 

levels were registered in Athens (3.8 µg/m
3
 in PM10 and 3.0 µg/m

3
 in PM2.5). This was 

probably due to the use of coal and petroleum coke/fuel oil for power generation and also due 

to the oil emissions from the petrochemical plants. Nitrate mean levels were in the range of 1 

to 2 µg/m
3 

with the exception of
 
Milan that reached 6.0 µg/m

3 
due to the specific 

meteorological conditions and emission patterns of the Po Valley. Mineral dust at urban 

background sites were 2.6 µg/m
3
 in Florence and 4.0-4.8 µg/m

3 
in Barcelona, Milan and 

Athens. These levels accounted for 18% and 25% of the PM10 mass at Barcelona and Athens 

and 12 and 14% at Florence and Milan, respectively. At the traffic sites levels of mineral dust 

increased by 10 to 70% with respect to urban background sites as a consequence of the road 

dust emissions.  

2. INTRODUCTION  

The AIRUSE LIFE project created the first harmonized PM dataset of five European cities for 

PM10 and PM2.5 levels and composition, following the same sampling protocol and 1 year 

period in Barcelona (Spain), Porto (Portugal), Florence and Milan (Italy) and Athens 

(Greece). The goal is to characterize the similarities and heterogeneities in PM sources and 

contributions across the Mediterranean region (Figure 1).  Originally AIRUSE focused on 4 

cities but Milan was added to the list given the high interest and the offer of ARPA 

Lombardia in collaborating in the project.  

 

Figure 1. Map of AIRUSE cities 
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3. METHODS 

3.1. PM Sampling and measurements 

PM measurements were carried out from January 2013 to February 2014, simultaneously at 

five stations in Barcelona urban background (BCN-UB), Porto traffic site (POR-TR), 

Florence urban background (FI-UB), Milan urban background (MLN-UB) and Athens 

suburban site (ATH-SUB). PM10 and PM2.5 samples were collected simultaneously over 24 

hours, every third day, on quartz microfiber and/or Teflon filters. In addition, in order to 

evaluate chemical fingerprint of Saharan dust, additional PM10 samplings were also 

performed at each city under selected Saharan dust intrusions forecast. The forecast was based 

on the interpretation of: i) air masses back trajectory calculated with the HYSPLIT4 model 

from NOAA (Draxler and Rolph, 2003); ii) additional information from SKIRON-University 

of Athens (http://forecast.uoa.gr.html) and Barcelona Supercomputing Center (NMMB/BSC-

Dust forecasts) predicting models. 

For shorter periods, aerosol was sampled also with the Streaker sampler (Figure 2), which 

allows the collection of the coarse and fine aerosol (i.e. PM2.5-10 and PM2.5, respectively) 

with 1-hour time resolution. With this sampler, the aerosol coarse and fine fractions are 

collected, respectively, on a Kapton foil and a Nuclepore filter, which are paired on a 

cartridge that rotates at constant speed for a week so that a circular continuous deposit of 

particular matter (“streak”) is produced on both the stages. 

 

Figure 2. The streaker sampler with collection foils (left) and their PIXE analysis (right). 

The details of each monitoring site and instrumentation used are described below: 

BCN-UB: Barcelona (Spain). PM10 and PM2.5 were collected by means of sequential 

DIGITEL DH1080 high volume samplers (30 m
3
 h

-1
) on 150 mm diameter quartz fiber filters 

(Pall) at the Palau Reial station (41º23´14´´N, 2º6´56´´E, Figure 3). This is an urban 

background (UB) site located within the University Campus (South West part of the city) and 

part of the local air quality network. The nearest trafficked road (Diagonal Avenue, 90,000 

vehicles day
-1

) is located 200 m away (Figure 3). 

 

http://forecast.uoa.gr.html/
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Figure 3. Location and picture of the Barcelona monitoring site (BCN-UB). 

 

- POR-TR: Porto (Portugal). The urban traffic station is located in Praça Francisco Sá 

Carneiro (41º09´46.10´´ N; 8º35´26.95´´ W, Figure 4) and part of the National Air 

Quality Network, QualAr. It is located in the eastern side of the Porto city, next to the 

Fernão de Magalhães Avenue and at 600 meters from the Inner Circular Motorway. 

Two low volume samplers (TECORA) operating at 2.3 m
3
 h

-1
 were collecting PM10 

and PM2.5 onto 47 mm diameter Teflon filters.  

Ancillary measurements:  

o A parallel PM2.5 and PM2.5-10 sampling was carried out by a high-volume 

sampler operating at 66.8 m
3
 h

-1
 with an Anderson PM10 sampling head and 

Sierra impaction plates, enabling the sequential collection of PM2.5-10 and 

PM2.5 samples onto quartz micro-fiber filters (Whatman was used from the 

beginning until 7 July 2013. After this date, filters from Pall were used).  

o Hourly samplings of PM2.5 and PM2.5-10 were carried out by means of the 

STREAKER sampler during 3 weeks in June-July 2013 and during 4 weeks 

from the end of January to the beginning of March 2013 and analyzed for 

elemental composition by means of PIXE. 
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Figure 4. Location and picture of the Porto monitoring site (POR-TR). 

 

- FI-UB: Florence (Italy). The urban site Bassi is an air quality UB monitoring station 

(43°47'8.33"N, 11°17'13.19"E, Figure 5) of the Environmental Protection Agency of 

Tuscany. PM10 and PM2.5 samples were collected by means of two low volume (2.3 

m
3
 h

-1
) CEN equivalent sequential samplers (HYDRA Dual Sampler); each sampler is 

equipped with two inlets so that aerosol can be simultaneously collected on Teflon and 

quartz microfiber filters (47 mm diameter, Pall and Aquaria respectively) 

Ancillary measurements:  

o Hourly samplings of PM2.5 and PM2.5-10 were carried out by means of the 

STREAKER sampler for 4 winter weeks (January-February 2013) and 3 

summer weeks (June-July 2013) and analyzed for elemental composition by 

means of PIXE. 
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Figure 5. Location and picture of the Florence monitoring site (FI-UB). 

 

- ATH-SUB: Athens (Greece). The Demokritos Urban Background station has been 

selected for the 1-year measurement campaign in Athens. The station is located at 

NCSR “Demokritos” (37°.99’50’’°N 23°.81’60’’°E, Figure 6), in the North East 

corner of the Greater Athens Metropolitan Area and at an altitude of 270 m.a.s.l. The 

sub-urban site is away from direct emission sources in a vegetated area (pine).  

PM10 and PM2.5 samples were collected on Teflon filters (Pall, Teflon and Whatman, 

PTFE) by means of low volume (2.3 m
3 

h
-1

) samplers (Sequential 47/50-CD with 

Peltier cooler, Sven Leckel GmbH, Tecora Echo PM sampler and Demokritos 

EN12341 sampler).  

PM10 and PM2.5 were also collected on quartz microfiber filters (MCV, QF1) by 

means of High Volume Samplers (Sequential High-Volume Sampler CAV-A/MSb, 

MCV, SA) 

Ancillary measurements:  

o PM10 and PM2.5 quartz microfiber filters were also analyzed by means of 

ICP. These samples were used for intercomparison between different filter 

types. 

o Hourly samplings of PM2.5 and PM2.5-10 were carried out by means of the 

STREAKER sampler for 3 summer weeks (June-July 2013) and 3 winter 

weeks (January-March 2014) and analyzed for elemental composition by 

means of PIXE. 
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Figure 6. Location and picture of the Athens monitoring site (ATH-TR). 

 

 

- MLN-UB: Milan (Italy). The MI-Pascal urban background station is part of the ARPA 

Lombardia Air Quality Network, and it is one of the Italian Supersite for the D. Lgs. 

155/2010 (Italian transposition of 2008/50/CE). It is located in the eastern side of 

Milan, the University area called “Città Studi” (45º28´44́´ N, 9º14´07́´ E; Figure 7), 

in a playground about 130 m far from the road traffic.  In this site are working for 

years different measurements: gaseous pollutants (SO2, NOx, O3, NH3), number size 

distribution with OPC Grimm (31 size classes), PM10 and PM2.5 with beta-analyzers 

and gravimetric systems (for QA/QC measurements and for analysis for chemical 

composition) with low volume samplers, PM1 with gravimetric system, Optic Black 

Carbon with a Multi Angle technique. 

Ancillary measurements:  

o PM10 and PM2.5 were also collected on quartz microfiber filters (PallFlex 

QAT-UP) by means of High Volume Samplers (Sequential High-Volume 

Sampler Digitel DH80) for temporary campaigns.  
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Figure 7. Location and picture of the Milan monitoring site (MLN-UB). 

 

 

In addition to these fixed sampling long term campaigns, shorter sampling campaigns were 

performed at traffic sites from Barcelona (BCN-TR) and Athens (ATH-TR). 

- BCN-TR: Barcelona (Spain). The traffic site was installed during April -May 2013 in 

Valencia road (typically 11,000 vehicles day
-1

, 41°24'11.08"N, 2°10'37.60"E, Figure 

8). This is a preferred one-way route from the city center to the northern exit of the 

city. Valencia road is a 19 m wide five-lane road, being the rightest lane exclusive for 

buses and taxi and one additional parking lane on the left side. The orientation (45º-

225º) of the road and the 7-store buildings may generate street canyon effect during 

first afternoon hours. PM10 samples were collected on quartz fiber filters (Pall) by 

means of a high volume (MCV, 30 m
3
 h

-1
) sampler. Samples of PM2.5 from BCN-TR 

were only used for the determination of the mass PM concentrations and were not 

processed for chemical analysis as it was done with PM10. 

Ancillary measurements:  

o Hourly samplings of PM2.5 and PM2.5-10 were carried out by means of the 

two stage low volume sampler STREAKER (Formenti et al., 1996) during 5 

weeks (April-May 2013) and analyzed for elemental composition by means of 

PIXE. 
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Figure 8. Location and picture of the Barcelona traffic monitoring site (BCN-TR). 

 

- ATH-TR: Athens (Greece). The Aristotelous Monitoring station of the National Air 

Quality Network was selected as a typical traffic impacted site. The station is located 

at the 1st floor open balcony of the Ministry of Health facing a busy crossroad 

(37.99°N 23.72°E, Figure 9 at an altitude of 64 m.a.s.l. The urban traffic site is located 

at the Athens commercial centre and it is mainly affected by vehicle emissions. PM10 

and PM2.5 samples were collected on Teflon filters (Pall, Teflon and Whatman, PTFE) 

by means of low volume (2.3 m
3
 h

-1
) samplers (2 Sequential 47/50-CD, Sven Leckel 

GmbH). PM10 were also collected on quartz microfiber filters (Pall Tissuequartz) by 

means of low Volume Samplers (Sequential Low-Volume Sampler, MCZ, GmbH or 

Derenda PNS 16-3.1) Due to lack of resources quartz filters for PM2.5 were not 

collected until the end of the campaign (see ancillary measurements) for the 

PM10/PM2.5 indicative ratio to be derived for the traffic site 

Ancillary measurements:  

o Hourly samplings of PM2.5 and PM2.5-10 were carried out by means of the 

STREAKER sampler for 4 summer weeks (July-August 2013) and 6 winter 

weeks (January-March 2014) and analyzed for elemental composition by 

means of PIXE. 

o 14 days of parallel sampling by means of low volume (2.3 m
3
 h

-1
) samplers (2 

Sequential 47/50-CD, Sven Leckel GmbH) of PM2.5 and PM10 quartz fiber 

filters for EC/OC analysis. Mean PM2.5/PM10 ratios were obtained for 

elemental and organic carbon. 
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Figure 9. Location and picture of the Athens traffic monitoring site (ATH-TR). 

 

3.2. Sample treatment and analysis 

Before sampling, quartz microfiber filters were dried at 205 or 500 ºC during 5 h and 

conditioned for 48 h at 20 ºC and 50% of relative humidity. Teflon filters were conditioned 

under the same conditions but without previous drying. Weights of blank filters were 

measured three times every 24 h by means of a microbalance (1 µg sensitivity). After 

weighing, Ø47mm filters were kept in PETRI holders, while Ø15cm and large rectangular 

filters were kept in aluminum foils. After sampling, filters were brought back to laboratory to 

be weighted two more times every 24 hours of conditioning at the same temperature and 

relative humidity of first weighing.   

Once the weights of samples were determined, filters were destined to several analytical 

determinations (Tables 1 and 2). These procedures are briefly listed below, according to the 

different species analyzed: 

- Major elements and trace elements were determined: 

- In Teflon filters by different techniques: PIXE (Particle Induced X-Ray 

o Emission), without any pretreatment (Lucarelli et al., 2014);after acid digestion 

(5 ml HF, 2.5 ml HNO3, 2.5 ml HClO4) of 1/2 of each filter, consecutively by 

ICP-MS (Inductively Coupled Plasma Mass Spectrometry) and ICP-AES 

(Inductively Coupled Plasma Atomic Emission Spectroscopy) (Querol et al., 

2001) to assure comparability between the two techniques (only for Porto 

samples); by ICP-AES after digestion with HNO3-H2O2 in a microwave oven 

according to the EU method EN14902:2005 (Traversi et al., 2014), only for 

Florence samples; 
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o In quartz filters by ICP-MS (Inductively Coupled Plasma Mass Spectrometry) 

and ICP-AES (Inductively Coupled Plasma Atomic Emission Spectroscopy) 

after acid digestion (5 ml HF, 2.5 ml HNO3, 2.5 ml HClO4) of 1/4 of each filter 

(Querol et al., 2001);  

o In Teflon and MCE filters by XRF (X-ray Fluorescence), only for Milan 

samples. 

- Water soluble ions by IC (Ion Chromatography), after extraction in 20 ml of MilliQ 

water (with ultrasonic bath for 30 min) of ½ or ¼ of filter; 

- On quartz filters Organic carbon (OC) and elemental carbon (EC) by thermal/optical 

analysis with the EUSAAR2 temperature program by means of Sunset analyzers; 

Filters from POR-TR were analyzed in a thermo-optical transmission system 

described in detail elsewhere (Pio et al., 1998, 2011). 

- On the PM10 quartz microfiber filters Carbonate Carbon (CC), by means of the 

procedure described by Pio et al., (1994), briefly the carbonate measurement setup 

comprises basically four components: a mass flow meter, a reaction cell, an infrared 

CO2 analyser, and a computer terminal for data acquisition. A portion of each filter (9 

mm punches) is acidified with orthophosphoric acid (20%) in a free CO2 gas stream to 

covert the carbon carbonate to CO2, which is then detected by the infrared analyser. 

- On the PM2.5 quartz filters Levoglucosan, by means of Ion Cromatography after 

extraction in 10 ml of MilliQ water (with ultrasonic bath for 30 min)- on 1.5 cm² 

punch from quartz filter. 

Samples of PM2.5 from BCN-TR were only used for the determination of the mass PM 

concentrations and were not processed for chemical analysis as done for PM10 in this site. 

PM10 and PM2.5 samples collected during Saharan dust episodes were also analyzed for 

elemental composition by means of PIXE/ICP techniques (Table 1). 

As concerns the samples with hourly resolution, collected with the streaker sampler, they 

were analyzed by PIXE at the LABEC laboratory of Florence (Italy), using a beam spot (2 

mm
2
) corresponding to one hour of aerosol sampling on the streak. 

Some elements were detected by different techniques; this guaranteed a quality assurance 

check of the obtained data. A summary of the performed analyses is reported in Table 2. 
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Table 1: Summary of the number and type of samples collected for each city and analytical 

technique in colors, during the long term measurements.  

Long term measurements BCN-UB FI-UB 

MLN -

UB 

POR-

TR ATH -SUB 

 

Daily 

PM10 

Mass 122 226 379 123 197 

Elements 122 226
*
 241

§
 123

*
 197ǂ 

 

PIXE 

Ions 122 226 337 123 197 

 

ICP 

ECOC 122 226 348 123 197 

 

SUNSET 

CC 122 226 89 123 197  XRF 

Levoglucosan   324   

 

Infrared 

PM2.5 

Mass 126 243 378 126 243 

 

IC 

Elements 126 243
*
 361 126

*
 243

*
 

 

GC 

Ions 126 243 374 126 243 

  ECOC 126 243 370 126 243 

  Levoglucosan 126 243 356 126 243 

  
Hourly 

PM2.5-10 Elements  640  800 480 

  PM2.5 Elements  640  800 480 

  * intercomparison between PIXE and ICP on Teflon filters 

ǂ intercomparison between Teflon (PIXE) and quartz (ICP) filters 

§ intercomparison between PIXE and XRF on Teflon and MCE filters 

 

Table 2: Summary of the number and type of samples collected for each city and analytical 

technique in color during the short time campaigns focusing on traffic sites. 

Traffic site campaigns BCN-TR ATH -TR 

 

Daily 

PM10 

Mass 59 64 

Elements 59 64 

 

PIXE 

Ions 59 64 

 

ICP 

ECOC 31 78 

 

SUNSET 

PM2.5 

Mass 59 64 

 

IC 

Elements  64 

 

GC 

Ions  64 

  ECOC  64 

  Levoglucosan  14 

  
Hourly 

PM2.5-10 Elements 210 480 

  PM2.5 Elements 210 480 
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4. RESULTS 

The chemical databases of PM10 and PM2.5 are attached as different sheets of the “AIRUSE 

PM speciation database.xls” excel file. 

PM10 and PM2.5 levels 

As shown in Figure 10, the observed mean PMx levels during the study period (January 2013 

to Feb 

¶ ruary 2014) were as follows:PM10 in the urban background (UB) reached 19-22 

µg/m
3
 in FI and BCN, and 39 µg/m

3
 in MLN. In the suburban background (SUB) site 

in ATH levels reached 20 µg/m
3
, whereas at the traffic (TR) sites of POR, BCN and 

ATH concentrations reached 34 µg/m
3
. 

¶ For PM2.5, levels reached 13-15 µg/m
3 

at the UB sites of FI and BCN, 31 µg/m
3 

in 

MLN, 11 µg/m
3 

in SUB site of Athens, 20 µg/m
3
 in TR site of ATH and 26 µg/m

3
 in 

POR-TR and BCN-TR. 

All sites meet EU legal requirements (2008/50/EC) for the annual limit value of PM10 (40 

µg/m
3
). However, the legal requirement of not exceeding 50 µg/m

3
 for the percentile 90.4 of 

the annual values (daily limit value) was exceeded at MLN-UB (72 µg/m
3
), POR-TR (52 

µg/m
3
) and ATH-TR (52 µg/m

3
). The annual EU target value of PM2.5 (25 µg/m

3
, 

2008/50/EC) was exceeded at POR-TR (26 µg/m
3
) and MLN-UB (31 µg/m

3
), as well as in the 

short measurement campaign of BCN-TR (26 µg/m
3
). 

For the UB sites mean levels are similar in the cities with the exception of MLN with 

relatively higher levels, due to intense local and regional PM source contributions and to the 

specific meteorology of the Po Valley, with frequent and intensive atmospheric thermal 

inversions that induce regional accumulation of pollutants. For the TR sites very similar mean 

PM10 levels were recorded at ATH, BCN and POR (µg/m
3
), and in the first two cities these 

exceeded by around 55% the PM10 levels measured at SUB and UB sites, respectively. This 

highlights the relevance of traffic emissions on PM10 levels at the study cities. For PM2.5, 

similar and relatively lower values (as compared with PM10) were recorded at UB and SUB 

sites (11-15 µg/m
3
), with the exception of MLN (31 µg/m

3
). In the case of the TR sites, mean 

levels reached 26 and 20 µg/m
3
 for BCN and ATH, respectively, whereas for POR these 

reached 27 µg/m
3
. Since levels of PM10 were very similar in the three TR sites (34 µg/m

3
 in 

all cases), it is expected to have additional non-traffic related source contributions that 

account for the POR and BCN PM2.5 increase with respect to ATH-TR. UB and SUB 

PM2.5/PM10 ratios were close to 0.7 in the case of FI and BCN, 0.5 for ATH and 0.8 for 

MLN (Figure 10). At TR sites these ratios increased up to 0.8 in BCN and POR and 0.6 in 

ATH (Figure 10). Although at TR sites levels of resuspension of road dust are expected to be 

higher than at UB sites (and consequently the PM2.5/PM10 to decrease), the proximity to the 

exhaust emissions (dominated by fine PM) causes a shift of the PM load to the fine fraction.  

When considering the stricter WHO guidelines, all cities exceeded both the PM10 and PM2.5 

annual mean thresholds, with the exception of PM10 in FI. It is worth noting that the 

sampling year was particularly rainy in most of the study sites, including Florence. The daily 

PM2.5 WHO threshold was not attained only in POR. 
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Figure 10. PM10 90.4
th
 percentile value and mean annual levels of PM10, PM2.5 and ratios 

PM2.5/PM10 for the study period at the five AIRUSE cities compared with the 

2008/50/EC limit values and the WHO guidelines. Blue bars: Urban background sites, 

Dark grey: Traffic sites; Grey: Sub-urban background sites. DLV: daily limit value; 

ALV: annual limit value; ATV: annual target value. 
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Levels of Elemental Carbon, EC, and Organic Matter , OM  

Mean levels of EC reached 1.1 µg/m
3
 in PM10 at the UB sites of BCN and FI and 1.9 µg/m

3
 

at the UB site of MLN (Figure 11). At the SUB site of ATH, EC levels were lower (0.4 µg/m
3
 

in PM10, Figure 11) due to the higher distance from traffic ways, but also due to the lower 

proportion of diesel vehicles in the fleet of ATH compared to the other 3 cities. Until recently 

(2012), use of diesel for private cars was not allowed in this city. 

As expected, levels of EC at traffic sites were higher than at UB sites by a factor ranging from 

3.6 to 4.9. EC levels recorded for PM10 are very close to those of PM2.5 (PM2.5/PM10 ratios 

for EC levels from 0.9 to 1.0) pointing to the very fine size of the EC-bearing diesel soot 

particles. The results revealed thus that EC (mostly from diesel soot) levels are increased by a 

factor from 4 to 5 in the TR sites with respect to the UB and SUB sites. 

Mean levels of organic matter (OM, Figure 11) reached 5.0 and 5.5 µg/m
3
 in PM10 at the UB 

and SUB sites of BCN and ATH, but increased up to 9.8 and 15.7 µg/m
3
 at the UB sites of FI 

and MLN. At traffic sites, levels of OM also increased with respect to the UB sites up to 

values of 9.0 to 13.6 µg/m
3
 at BCN, POR and ATH.  

Sea salt 

Mean levels of sea salt (Figure 11) in PM10 reached 0.6-0.7 µg/m
3
at the inland Italian cities 

(FI and MLN, 2-3% of the PM10 load) and between 1.5 and 2.3 µg/m
3
 (6-7% of the PM10 

load) at the Mediterranean coastal sites. However, at the Atlantic site (POR) much higher 

levels were recorded (4.4 µg/m
3 
in PM10, 13% of the PM10 load at the TR site). As expected, 

due to the coarse mass size distribution of sea salt, levels were reduced by a 71-86% in PM2.5 

with respect to PM10, with the exception of MLN, where levels of sea salt were only reduced 

by around 38% in PM2.5. 

Mineral dust 

Mineral dust at UB sites reached around 2.2 µg/m
3
 as annual mean in FI-UB and 3.8-4.8 

µg/m
3 
at the UB and SUB sites of BCN, MLN and ATH (Figure 11). These levels account for 

18% and 25% of the PM10 mass at BCN and ATH and 12 and 10% at FI and MLN, 

respectively. At the TR sites levels of mineral dust increased by around 10 to 70% with 

respect to UB sites as a consequence of the road dust emissions. At TR sites mineral dust 

accounts for 10-20% of the PM10. 

As also expected from the coarse mode of occurrence of mineral dust, levels of this PM 

component were much lower in PM2.5, down to 20-49% of the PM10 levels. The contribution 

of dust reached from 4 to 10 % of PM2.5 for all sites. 

Sulfate and nitrate 

There is a clear trend to markedly increase levels of sulfate from FI-BCN to POR-MLN to 

ATH (1.7-1.9 to 2.4 to 3.8 µg/m
3
 in PM10 and 1.5-1.7 to 1.9-2.0 to 3.0 µg/m

3
 in PM2.5, 

Figure 11). This is probably due to the influence of the use of coal and petroleum coke/fuel oil 

for power generation in or/and around the high sulfate regions of this study, but also it may be 

caused by the influence of oil emissions from petrochemical plants. As expected from the fine 

mode of occurrence of ammonium sulfate ((NH4)2SO4 or NH4HSO4), 76% to 85% of sulfate 

in PM10 is present in PM2.5. 
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Levels of nitrate in PM10 show a less marked spatial variability, with the exception of MLN, 

with mean annual levels reaching 1.2-1.3 (FI-ATH) to 2.0 (BCN-POR) µg/m
3 

and 6.0 µg/m
3
 

in MLN. This marked difference between MLN and the rest of the other AIRUSE regions is 

mainly due to the specific meteorological and emission patterns of the Po Valley. The 

contribution of sulfate, nitrate and ammonium (secondary inorganic aerosols, SIA) to the 

PM10 load reaches 15-21% of PM10 in BCN-UB, BCN-TR, POR-TR, ATH-TR and FI-UB, 

but 31% at both MLN-UB and ATH-SUB sites. In spite of the prevailing fine mode of these 

PM components, the contribution of SIA to the PM2.5 load is kept similar to the one of 

PM10, with 14-22% and 32-37% for the above groups of sites. The latter two cities (MLN 

and ATH) are both characterized by similarly high SIA loads, but due to different causes, 

whereas at MLN SIA is dominated by ammonium nitrate, and at ATH ammonium sulfate 

prevails. 

 

 

 

 

Figure 11. Levels of PM components in PM10 and PM2.5 in the 5 AIRUSE cities. 
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