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Deliverable B2.2: Updated PM database for Southern Europe

1. SUMMARY

AIRUSE created the first harmonized PM dataset of five European cities for PM10 and
PM2.5 levels andthemicalcomposition, following the same sampling prototmi 1 year
period in Barcelona (Spain), Porto (Portugal), Florence and Milan (ltaly) and Athens
(Greece)All sites metEU annual limitvaluefor PM10 (40ug/m®). However, he annuaEU
targetvaluefor PM2.5 (25ug/m®) was exceedeih Porto(26 pg/m’), Milan (31 pg/m®), and

in Barcelonaduring a short campaig26 pg/m°). The main aerosol components were
carbonaceoumatter,sulphate and ammonium mostly found in the fine fraction, and nitrate
that was prevalent in the coarse fractidineral dust also had high mass contribution in
coarse particlesVlean kvels ofelementalcarbon, EC ranged fromDpg/m® to 1.9 pg/m.
Levels of EC at traffic sites weketo 5 timeshigher than aurban backgroundites.The
highest nean kvels of organic matte©M (15.7 pg/m®) were found in MilanHigh suffate
levels were registereih Athens 8.8 ug/m® in PM10 and 3.0ug/m® in PM2.5). Thiswas
probablydue tothe use of coal and petroleum coke/fuel oil for power generatidalsodue

to theoil emissions fronthe petrochemical planidNitrate mearevelswere in the range of 1

to 2 pg/m® with the exception ofMilan that reached .6 pg/m*® due to the specific
meteorologicalconditionsand emission patterns of the Po Vall@jineral dustat urban
backgroundsites were 2.6 pg/m® in Florenceand 4.0-4.8 pug/m® in Barcelona, Milanand
Athens These levels accousd for 18% and 25% of the PM10 massBatrcelonaand Ahens

and 12 and 14% &lorenceand Milan, respectivelyAt thetraffic sites levels of mineral dust
increased by 10 to 70% witlespect taurban backgroundites as a consequenakthe road
dust emissions

2. INTRODUCTION

The AIRUSE LIFE projectreated the first harmoniz€tM 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 (ltaly) 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 foounséd

cities but Milan was added to the list given the high interest and the offer of ARPA
Lombardia in collaborating in the project.
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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 (BGB)), Porto traffic site (PORR),
Florence urban background {BB), Milan urban background (MLNUB) and Athens
suburbarsite (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 selecteaharan dust intrusiomsrecast. The forecast was based

on the interpretation of: iair masses back trajectory calculateith the HYSPLIT4 model

from NOAA (Draxler and Rolph, 2003)) additional informatiorfrom SKIRON-University

of Athens(http://forecast.uoa.gr.htinbind BarcelonaSuperomputing CenterNMMB/BSC-

Dust forecasispredicting models

For shorter periods, aerosol was sampled also with the Streaker s@figlze 2) which

allows the collection of the coarse and fine aerosol (i.e. P¥2.8nd 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 Nuctepfilter, 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

“Streaker”
sampler PM2.5:10

Figure 2. The streaker sampler with collection foils (left) ahdit PIXE analysis (right)
The details of each monitoring site and instrumentation used are described below:

BCN-UB: BarcelongSpain) PM10 and PM2.5 were collected by means of sequential
DIGITEL DH1080 high volume samplers (30°m®) on 150 mm diameteguartz fiber filters
(Pall) at the Palau Reial station (41°23°14°N, 2°6"56Figure 3. Thisis 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 nearesffickéd road (Diagonal Avenue, 90,000
vehicles day) is located 200 m away (Figure 3).
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Figure 3. Location and picture of the Barcelona monitoring $B€N-UB).

- PORTR: Porto (Portugal). The urbanaffic station is located in Pragca Francisco Sa
Carneiro 41°09°46.10"" N; 8°326.95" W Figure 4 and part of the Natimal Air
Quality Network, QualArlt is located in the eastern side of the Porto city, next to the
Ferndo de Magalhdes Avenue and at 600 meters from the Inner Circular Motorway.
Two low volume samplers (TECORA) operating2aB m® h™ were collecting PM10
and PM2.5 onto 47 mm diameterflba filters.

Ancillary measurements:

0 A parallel PM2.5 and PM2:50 sampling was carried out by a higblume
sampleroperating at 66.8 frh™ with an Anderson PM10 sampling head and
Sierra impaction plates, enabling the sequential collection of RM2.&nd
PM2.5 samples onto quartz miefiber filters (Whatman was used from the
beginning until 7 July 2013fter this date, filters from Pall were uged

o Hourly samplings of PM2.5 and PM21® were carried out by means of the
STREAKER sampler during 3 weelks JuneJuly 2013and during4 weeks
from the end of January to the beginning of March 2848 analyzed for
elemental composition by means of PIXE.
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Flgure4 Location and picture of the Porto monltorlng JRORTR).

FI-UB: Florence(ltaly). The urban site Bassi is an air qualitf8 monitoring station
(43°47'8.33"N, 11°17'13.19'H-igure 5) of the Environmental Protection Agency of
Tuscany. PM10 and PM2.5 samples were collected by means of two low volume (2.3
m® hY) CEN equivalent sequential samplers (HYDRA Dual Sampler); each sampler is
equipped with two inlets so that aerosol can be simultaneously collectedlam ared
quartzmicrdfiber filters (47 mm diametePall and Aquaria respectively

Ancillary measurements:

0 Hourly samplings of PM2.5 and PM21® were carried out by means of the
STREAKER samplerfor 4 winter weeks (Januaffyebruary 2013)and 3
summerweeks (Junduly 2013 and analyzed for elemental composition by
means of PIXE.
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Figure 5. Location and picture of thElorencemonitoring site(FI-UB).

- ATH-SUB: Athens (Greece)The DemokritosUrban Backgroundstation has been
selected for the -year measurement campaign in Athens. The station is located at
NCSR “ De m(@kR.B950 &Ns23*.8160 °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-urbansite is away from direct emission sources in a vegetated area (pine).

PMjo and PM s samples were collected onflom filters (Pall, Télon and Whatman,
PTFE) by means of low volume (2.3°m™) samplers (Sequential 47/8D 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 Fghume Sampler CAVA/MSD,
MCV, SA)

Ancillary measurements:

o PM10 and PM2.5 quartz microfiber filtevgere also analyzed by means of
ICP. These samples were used for intercomparison between different filter
types.

o Hourly samplings of PM2.5 and PM21® were carried out by means of the
STREAKER samplerfor 3 summer weeks (Jwdmily 2013) and 3 winter
weeks (JanuariMarch 2014 and analyzed for elemeit composition by
means of PIXE
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Figure 6. Location and picture of the Athens monitoring $f&H-TR).

MLN-UB: Milan (Italy). The MFPasal urban background stationpart of the ARPA
LombardiaAir Quality Network, and it is one of the Italian Supersite for the D. Lgs.
155/2010 (ltalian transposition of 2008/50/CE). It is located in the eastern side of
Milan, the Univet ai Ap°R8ad#d &,LULE | EL Fegdre 7Y, Ci

in a playground about 130 m far from the road traffic. In this site are working for
years different measurements: gaseous pollutants, ($Q,, Oz, NHz), number size
distribution wth OPC Grimm (31 sizelasses), PM10 and PM2.5 with betaalyzers

and gravimetric systems (for QA/QC measurements and for analysis for chemical
composition) with low volume sample®M1 with gravimetric systepOptic Black
Carbon witha Multi Angle technique.

Ancillary measuements:

o PM10 and PM2.5 were also collected on quartz microfiber filtBedlKlex
QAT-UP) by means of High Volume Samplers (Sequential Highume
SampleDigitel DH80) for temporary campaigns
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Figure 7. Location and picture of the Milamonitoring site (MLNUB).

In addition to these fixed sampling long term campaigns, shorter sampling campaigns were
performed at traffic sites from Barcelona (BAR) and Athens (ATHIR).

BCN-TR: Barcelona (Spain). The traffic site was installed duringlAgay 2013 in
Valencia road (typically 1000 vehiclesdday', 41°24'11.08"N 2°10'37.60"E Figure
8). This is a preferredneway route from the citycenterto the northern exit of the
city. Valencia road is a 19 m wide fhlane roadbeingthe rightest lane exclusive for
buses and taxi and one additional parking lane on the left side. The oried&ton
2259 of the road and the-§tore buildings may generate street canyon effect during
first afternoon hours. PM10 samples were collectedqoart fiber filters (Pall) by
means of high volume (MCV 30 nt h™) sampler Samples of PM2.5 from BGNIR
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:
0o Hourly samplings of PM2.5 and PM21® were carried out by means of the
two stage low volume sampler STREAKER (Formenti et al., 1996hg 5
weeks (ApritMay 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 (BUR).

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 1stfloor open balcony of the Ministry of Health facing a busy crossroad
(37.99°N 23.72°E, Figre9 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. PM
and PM ssamples were collected on flen filters (Pall, THon and Whatman, PTFE)

by means of low volume (2.3%h™) samplers (2 Sequential 47/6D, Sven Leckel
GmbH).PM10 were also collected on quartz microfiber filters (Pall Tissuequartz) by
means of low Volura Samplers (Sequential LeMolume Sampler, MCZ, GmbH or
Derenda PNS 18.1) 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 the traffic site

Ancillary measurements:

o Hourly samplings of PM2.5 and PM21® were carried out by means of the
STREAKER sampler for 4 summer weeks (JAlygust 2013) and 6 winter
weeks (Januariarch 2014)and analyzed for elemental composition by
means of PIXE.

o 14 days of parallel sampling by means of low volume (@3) samplers (2
Sequential 47/5@D, 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 d¢am.
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Figure 9. Location and picture of the Athens traffic monitoring site (AITR).

3.2. Sample treatment and analysis

Before sampling, quartmicrdfiber filters were dried at 20%r 500 °C during 5 h and
conditioned for 48 h at 20 °C and 50% of relativenidity. Tdlon 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 pg sensitivity). After
weighing, @47mm filters were kept in PETRolders, while @15cnand large rectangular
filters were keptm aluminum foils After sampling, filters were brought back to laboratory to

be weighted two more times every 24 hours of conditioning at the sammerature and
relative humidityof first weighing.

Once the weights of samples were determined, filters were destined to several analytical
determinations (Tables 1 and Zhese proceduseare briefly listed belowaccording to the
different species analyzed:

- Major elements and trace elemeweredetermined:
- In Teflon filters by different techniques: PIXE (Particle Induce&ay
o Emission), without any pretreatment (Lucarelli et al., 2014);after acid digestion

(5 ml HF, 2.5 ml HNO3, 2.5 ml HCIO4) of 1/2 of each filter, consecutively by
ICP-MS (Indudively Coupled Plasma Mass Spectrometry) and -KES
(Inductively Coupled Plasma Atomic Emission Spectroscopy) (Querol et al.,
2001) to assure comparability between the two techniques (only for Porto
samples); by ICFAES after digestion with HNOB1202 in amicrowave oven
according to the EU method EN14902:2005 (Traversi et al., 2014), only for
Florence samples

AIRUSE LIFE 11 ENV/ES/584
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o In quartz filters byilCP-MS (Inductively Coupled Plasma Mass Spectrometry)
and ICRAES (Inductively Coupled Plasma Atomic EmissiSpectroscopy)
after acid digestios ml HF, 2.5 ml HNQ, 2.5 ml HCIQ) of 1/4 of each filter
(Querol et al., 2001);

o In Teflon and MCE filters by XRF (ay Fluorescence), only for Milan
samples.

- Water soluble ions by IC (lon Chromatography), aéetradion in 20 ml of MilliQ
water (with ultrasonidath for 30 minpf %2 or ¥4 offilter;

- On quartz filters Organic carbon (OC) and elemental carbon (E@)dosnal/optical
analysiswith the EUSAAR2 temperature program by means of Sunset analyzers;
Filters from PORTR were analyzed in a therruptical 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 tarbonate measurement setup
comprises basically four components: a mié®s meter, a reaction cell, an infrared
CO, analyser, and a computer terminal for data acquisition. A portion of each filter (9
mm punches) is acidified with orthophosphoric a@@%) in a free C@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 lon Cromatography after
extraction in 10 ml of MilliQ water (with ulasonic bath fo 30 min} on 1.5 cmz?
punchfrom quartzfilter.

Samples of PM2.5 from BGYR 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 PM2.5samples collected dimg 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 laboratoryFddrence(ltaly), using a beam spot (2
mn¥) 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 dat&.summary of the performed analyseseéported in Table 2.

AIRUSE LIFE 11 ENV/ES/584
12/18



Deliverable B2.2: Updated PM database for Southern Euro

pe

Table 1: Summary of the number and type of samples collected for each city and analytical
technique in colors, during the long term measurements.

MLN - |POR-
Long term measurements BCN-UB FI-UB uUB TR ATH-SUB
Mass 122 226 379 123 197
Elements 122 226 - 123 197 PIXE
lons 122 226 337 123 197 ICP
PM10
ECOC 122 226 348 123 197 SUNSET
cc 122 226 89 123 197 -
Daily Levoglucosan 324 Infrared
Mass 126 243 378 126 243 IC
Elements 126 243 - 126 243 GC
PM2.5 ||ons 126 243 374 126 243
ECOC 126 243 370 126 243
Levoglucosan 126 243 356 126 243
PM2.510 |Elements 640 800 480
Hourly
PM25 Elements 640 800 480

* intercomparison between PIXE and ICP on Teflon filters

Fintercomparison between Teflon (PIXE) and quartz (ICP) filters

§ intercomparison between PIXE and XRF on Teflon and MCE filters

Table 2:Summay ofthe number and typef 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
Mass 59 64
Elements 59 64 PIXE
PM10
lons 59 64 ICP
ECOC 31 78 SUNSET
Daily Mass 59 64 IC
Elements 64 GC
PM2.5 lons 64
ECOC 64
Levoglucosan 14
PM2.510 Elements 210 480
Hourly
PM2.5 Elements 210 480

AIRUSE LIFE 11 ENV/ES/584
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4. RESULTS

The chemical databases of PM10 and PM2e&5arat t ached as di fferent
PM speciation database. x|l s” excel file.

PM10 and PM2.5 levels

As shownin Figure 10, the observedeanPMx levelsduring the study period (January 2013
to Feb

1 ruary 2014) were as follonBM10 in the urban backgund (UB) reached 192
ng/m®in Fl and BCN, and 39 pg/fin MLN. In the suburban backgrouti8UB) site
in ATH levels reached @pg/m®, whereas at the traffic (TR) sites of POR, BCN and
ATH concentrations reach@d pg/nt.

1 For PM2.5 levels reached 315 pg/n? at the UB sites ofl and BCN, 31 pg/rhin
MLN, 11 pg/nT in SUB site of Athens, 2Qug/m® in TR site of ATH and 26 pug/m?® in
PORTR and BCNTR.

All sites meetEU legal requirement$2008/50/EC)for the annual limitvalue of PM10 (40
ng/m®). However, the legal requirementf not exceeihg 50 pg/m® for the percentd 90.4 of
the annual values (daily limit value) was exceeded at NUBN(72 ug/m’), PORTR (52
pg/m®) and ATHTR (52 pg/m®). The annualEU targetvalue of PM2.5 (25 pg/m®,
2008/50/EC) wasxceeded #ORTR (26ug/m’) and MLN-UB (31 ug/m®), as well as in the
short measurement campaign of BCR (26 pg/m°).

For the UB sitesmeanlevels are similar in the cities with the exception of MLN with
relatively higher levels, due fatense local ahregionalPM sourcecontributionsand to the
specific meteorology of the Po Valley, with frequent and intensive atmosptherical
inversions that induceegional accumulation of pollutantSor the TR sites very similamean
PM10 levels were recorded ATH, BCN and POR{g/m°), and in the firstwo cities these
exceededby 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 Eitie®M2.5,
similar andrelatively lower valuegas compared with PM1@yere recorded at UB and SUB
sites (1115 ug/m®), with the exception of MLN (3fug/m®). In the case of the TR sitasean
levels reache®6 and 20pg/m® for BCN and ATH, respectively, whereas for POR these
reacted Z pug/m’. Since levels of PM10 were very similar in tieee TR sites (3fig/m® in

all cases), it is expected to have additionahtraffic related source comtbutions that
account for thePOR and BCN PM2.5 increasewith respect to ATHTR. UB and SUB
PM2.5/PM10 rabs wereclose to 0.7 in the case dfl and BCN, 0.5 for ATH and 0.8 for
MLN (Figure 10) At TR sites these ratios inceea upto 0.8 in BCN ad POR and 0.6 in
ATH (Figure 10) Although at TR sites levels of resuspension of road dest)gected to be
higher than at UB sites (and consequently the PM2.5/PM10 to degtbaspjoximity to the
exhaust emissions (dominated by fine PM) caasdsft of the PM load to the fine fraction.

When considering the stricter WHO guidelines, aikesitexceeded both the PM10 and PM2.5
annual mearthresholds, with the exception of PM10 in. | is worth noting that the
sampling year was particularly rainy in most of the study sites, including FlorEheeadaily
PM2.5 WHO threshold was hattained aly in POR.
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Figure 10. PM10 904 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 backgraesd s
Dark grey: Traffic sites; Grey: Subrban background sites. DLV: daily limit value;
ALV: annual limit value; ATV: annual target value.
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Levels of Elemental Carbon, EC, and Organidatter, OM

Mean kvels ofEC reached 1.Jug/m® in PM10 at the UB sits of BCN andFl and 1.9ug/m’

at the UB site of MLN(Figure 11). At the SUB site of ATHEC levels were lowe{0.4 ug/m®

in PM1Q, Figure 1) due to the higher distandeom traffic ways but alsodueto the lower
proportionof diesel vehiclein the fleetof ATH compared to thether 3 cities. Until reenty

(2012),use of dieselor privatecarswas not allowed in this city.

As expectedlevels of EC at traffic sites were higher than at UB sites by a factor ranging from
3.6 to 4.9EC levels recorded fd?M10 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 thebE&ring diesel soot
particles The results revealed thttzat EC (mostly from diesel sQdevels are increased by a
factor fran 4 to 5 in the TR sites with respect to the UB and SUB.sites

Mean kvels of organic matter (OMFigure 1) reached 5.0 andBpg/m® in PM10 at the UB
and SUB sites of BCN and ATH, but increased up to 9.8 andut#n® at the UB sites of IF

and MLN. At traffic sites levels of OM also increased with respect to the UB sites up to
values of 0to 13.6pg/m’ at BCN, POR and ATH

Sea salt

Mean kvels of sea salFigure 11)in PM10 reached 0-6.7 pg/m’at the inland ltalian cities

(Fl and MLN, 23% of thePM10 load) and between 1.5 an® Rg/m® (6-7% of the PM10
load) at theMediterranearcoastalsites. Howeverat the Atlantic site (POR) much higher
levels were recorded (4/m*in PM10, 13% of the PM10 load tite TR site).As expected

due tothe coase mass size distribution of sea dakels were reduced by7d-86% in PM2.5

with respect to PM10with the exception of MLN, where levels of sea salt were only reduced
by around 38% in PM2.5.

Mineral dust

Mineral dustat UB sitesreachedaround 2 pg/m® as annual meam FI-UB and3.8-4.8
ng/m*at the UB and SUB sites of BCIMLN and ATH(Figure 11) These levels account for
18% and 25% of the PM10 mass at BCN and ATH and 12 &6l 4t FI and MLN,
respectively.At the TR sites levels of mineral dusicreased by around 10 to 70% with
respect to UB sites as a consequence of the road dust emigsiorR sites mineral dust
accounts for @-20% of the PM10.

As also expected from the coarse mode of occurrence of mineral dust, levels of this PM
component wes much lower in PM2.5, down &0-49% of the PM10 levelsThe 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 dateufromFI-BCN to PORMLN to
ATH (1.7-1.9 to 2.4 to 3.8ug/m’ in PM10 and 1.51.7 to 1.92.0 to 3.0ug/m® in PM2.5
Figure 1). This is probablylue tothe influence of the use of coal and petroleum coke/fuel oil
for power generation inr/and aroundhte high sufiate regions fothis study but also it may be
caused by the influence of oil emissions from petrochemical plaatexpected from the fine
mode ofoccurrenceof ammonium sudbte ((NH)>.SO, or NH;HSQy), 76%to 85% of sulate

in PM10 is present in PM2.5

AIRUSE LIFE 11 ENV/ES/584
16/18



Deliverable B2.2: Updated PM database for Southern Europe

Levels of nitrée in PM10show a less marked spatial variability, with the exception of MLN,
with mean annual levels reaching -IL3 (FI-ATH) to 20 (BCN-POR) pg/m®and 60 pg/m®

in MLN. This marked difference between MLN and the rest ofater AIRUSE regions is
mainly due to the specific meteorological and emission patterns of the Po Valey.
contribution of sulfate, nitrate and ammonium (secondary inorganic aerosols, SIA) to the
PM10 load reaches 151% of PM10 in BCNUB, BCN-TR, PORTR, ATH-TR and FUB,

but 31%at both MLN-UB and ATHSUB 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 1422% and 327% 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.
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Figure 11. Levels of PM components in PM10 and PM2.5 instWdRUSE cities.
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