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Chapter 1

CHAPTER 1

| ntroduction

he Mediterranean Basin still does suffer from timpact of anthropogenic
pressures which lead to environmental degradati@imemical pollution,
maritime transport and climate change are key factausing air quality
degradation at both regional and local scales.h@rother hand, air pollutant
dynamics and distribution in the Mediterranean aagare closely related to its unique
geographical characteristics and specific weatbeditions that favour the enhancement of
air pollutant photochemical production and accuriotte Poor air quality within the
Mediterranean Basin has effects on human healtbsystem conditions and economic
resources. Already existing measures to manageyress have been proven inadequate and
the EC proposed new policies and environmentaslagon, both currently close to adoption.
Owing to this context, the work developed during tAhD focuses over the Mediterranean
region in order to investigate key pressure affiectMediterranean regional air quality, to
gain further insight into the atmospheric mechasiderading to high air pollutant levels
across the Mediterranean Basin and to describeethdting trade-offs that will have to be
dealt by management and policy. These overall gbale been achieved through the
application of innovative modelling techniques adlvas the assimilation and integration of
monitoring-based data, with the supporting fa@stiof both ENEA (National Agency for
New Technologies, Energy and Environment) — CaasaB&®@search Centre and CNR-IIA
(Institute of Atmospheric Pollution Research of thalian National Research Council) -
Division of Rende (CS). The DPSIRD((iver-Pressure-Sate-lmpacts-Response) conceptual
framework has been followed in the PhD dissertationhighlight the several factors
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influencing this complex study. The DPSIR modeb@ted by the European Environmental

Agency, is in fact useful in describing the relaships between the origins and consequences
of environmental problems; furthermore, in orderuraderstand their dynamics, it is also
useful to focus on the links between DPSIR elemdntshis way, the relationship between
the Driving forces and thePressure from the Italian economic activities as well a® th
effectiveness of somigesponses, like the measures taken into account in thealtaRegional
Air Quality Management Plans (AQMPs), were investiggl through the RAINS-Italy model
and within the convention between the Ministryle# Environment, Land and Sea (MATTM)
and ENEA. As reported i@hapter 2, the application of the RAINS-Italy model, stagifitom
the Italian official energy and production actig&i scenario and transmitted to the EU
Commission for the Emission Trading National Allbea Plans, provided the related Current
Legislation (CLE) emission scenarios of SONO;, PMo, PMys5, VOC and NH. The
effectiveness in air pollution emission reductiontlae target year, 2010, of the Iltalian
Regional AQMPs was then assessed comparing thee@utregislation (CLE) and an
alternative scenario, which contains all the meastinat the Regional administrations intend
to adopt to preserve air quality within their teary. The efficacy of all AQMPs measures at
2010 was shown in terms of ONO, and PM, emissions avoided and Rijtoncentration
reductions together with the improvements of thalthempact indicator, the Life Expectancy
Reduction (LER), defined as months lost attribwgebl PM s concentrations. The carried out
analyses show that the Italian Regional AQMPs c¢oniechnical and Non-Technical
Measures especially in the energy, domestic am$p@t sectors both having a crucial role,
although the normative compliance is not assuredryghere. The identification and
guantification of the main natural and anthropogesaurces@rivers) affecting air pollutant
levels in the Southern ltaly were, otherwise, eatrout by refining a range of multivariate
and linear modelling techniques for covariance tame series analysi€hapter 3). Principal
Component Analysis (PCA) statistical method wase algplied to the available air pollutant
levels in order to decouple the sample amounts @stimated source profiles and source
contributions to each sample. The air quality assest, representing thiaate of the air
matrix within the DPSIR framework, was then carriedit through observational
measurements obtained from both land-based and-veater monitoring campaigns
(Chapters 4, 5 and6). The PhD dissertation specifically focuses omehpriority pollutants:
Particulate Matter (PM), Ozone {Ophoto-chemically produced and Mercury (Hg) theat i
long-lived in the atmosphere (from 6 months to aryen average) and thus representative of
hemispheric/global pollutants which are subjectaimg-range transport. The air quality, in

term of variations of the above mentioned air galta levels was furthermore evaluated in
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relation to both natural and anthropogenic sour@etral-Southern Mediterranean Basin,

especially in summertime, is heavily affected byura sources, like Saharan dust outbreaks
and wildfire events, therefore a focus on theitu@fce on both oxidizing capacity of the
atmosphere and air quality over Calabria regiontsgrn Italy was addressed and presented
in Chapter 4. During summer 2007 an intensive sampling camign PMy and Q
concentrations have been simultaneously performéaee monitoring stations of the CNR-
[IA - Division of Rende, the Marine, Urban and Higititude monitoring sites. The results
obtained were then coupled with both backward ¢taejges analysis and satellite derived
products which were useful to understand the aksmsoces and transport pathways. These
crossed analysis permitted to register some Saldarsinintrusion, highlighting that a huge
rise in PMy levels with a concurrent decrease i3 @lues usually characterized these
transport events. According to the Air Quality Riige 2008/50/EC and skipping the
obtained net dust load from the measured FBVels, a notably reduction in the number of
daily excedancees was observed highlighting thgelanfluence of this natural source over
the air quality in the southern Mediterranean regioMoreover, even if further analysis
should be conducted to better evaluate the speamfiount of @ and PM, concentrations
directly due to wildfire emissions, the observasi@arried out suggest that during favourable
weather conditions, the contribution of biomasgdion both tropospherics@nd aerosol
concentrations cannot be neglected during spegdrods of summertime. The influence of
anthropogenic sources was otherwise asses<gubpter 5 focusing on the “ Large Industrial
Point Sources” (regulated by the IPPC Directive MEC) that refer to the major
combustion plants, including chemicals productiond asteel plants, refineries and
incinerators. Atmospheric mercury emissions froilRPC activities located in Italy were
checked on the INES (Inventario Nazionale delle $smoni e delle loro Sorgenti) register.
The results showed that the highest value of mgrearissions in air, ranging from 1062 to
1385 Kg yf, refers to the largest pig iron and steel facilit Europe (ILVA S.p.a) located in
the city of Taranto, whereas the second contribytio terms of absolute mercury emission
values, comes from the refinery (SYNDIAL S.p.AxEniChem S.p.A.) located at Augusta-
Priolo city in Sicily. Moreover, it could be obsexd/that within the mercury emissions related
to all IPPC activity, the largest part (about 74%9me from those IPPC facilities whose
involved area has been defined as a National sttd&ehabilitation Site (Law n. 426/1998
and Ministerial Decree 468/2001). Measurementstmoapheric mercury species were also
performed across both the Tyrrhenian and the Adrgsa aboard the Research VesB¥) (
Urania of the Italian CNR during three oceanogmamampaigns within MEDOCEANOR
project, in order to assess the spatial distrilbutiad temporal variation of mercury species
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concentrations in Marine Boundary Layer close tustrial contaminated sites. Two of these
three cruise campaigns were performed across thatAdsea following the same route in
different meteorological conditions during two sm@s autumn 2004 (37f October to 12nd

of November) and summer 2005 {1 29" of June) whereas the third one took place across
the Tyrrhenian sea during 2007 (12nd of Septembdr' iof October). Furthermore, to gain
more insight into the atmospheric mechanisms Igatbnhigh air pollutant levels across the
Mediterranean Basin, the measurements performadgiix cruise campaigns on board the
CNR RV URANIA, from 2003 to 2009 and within the CNR MEDSBANOR programme,
were synthesized, integrated and then analysed doharent way QChapter 6). Sampling
periods of each of this six cruise campaigns refesummer 2003 (6 to 27 August); autumn
2004 (27 October to 12 November); summer 2005 ¢12% June); summer 2006 (5 to 20
July); autumn 2007 (12 September to 1 October)amdmer 2009 (5 to 30 June). In the
Mediterranean marine environment the maritime artsbecame a “hot” issue in the past
decade for atmospheric research and air pollutiehciimate policy. Despite implications on
both human health and radiative budget involve rameiasing interest, data referring to air
pollutants directly measured on the sea are yatively scarce. Owing to this context, the
overview reported ifChapter 6 holds a relevant interest in that it fills in p#re observation
gaps over the Mediterranean basin. Specifically,elach oceanographic cruise campaigns
performed on board the CNRV URANIA, temporal and spatial variations of bothdin
(PMz5s) and coarse (Pbk.19 particles concentrations along with ozone andeorelogical
parameters were examined. Elemental compositionbath PMs and PMs.i0 were
furthermore determined in order to identify specifiacers for different classes of particles
that can be found in the Mediterranean atmospl&hgping emissions, representing both
local harbours and maritime traffic across therhasere also tested using the marker ratio of
V and Ni, showing a quite large contribution to toéal aerosol load. Variations of the two
size range of inhalable particulate matter ¢BN, PM; 5) over the eastern and western sector
of the Mediterranean basin were also investigate@spect to source-receptor relationships.
Finally, in Chapter 7, the role of atmospheric pollution on harmful hleaffects (mpacts)

are investigated. Within the CNR Environment anélHelnter-departmental (PIAS) Project,
recent findings on toxicity routes attributable particulate and gaseous pollutants are
reviewed. Toxicity routes are discussed as evidemchypothetical relationships between
sources, diffusion paths, receptor sites and stibbepopulationsThe body of knowledge
which has received during the whole PhD activitysvtlaus necessary and essential for the
acquisition of a methodology which proved to bdlyesuitable for the evaluation of complex

problems relating to air pollution in the Mediteremn Basin. The results obtained during this
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study give a valuable contribution to our currentlerstanding of how and why regional air

guality may change in the Mediterranean region @ndd provide important information for

scientists and policy implications.
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CHAPTER 2

Theintegrated assessment of the regional Air
Quality Management Plans through the Italian
national model

he Italian Air Quality legislation underwent sweagpichanges with the
implementation of the 1996 European Air Quality rReavork Directive
when the ltalian administrative Regions were emédiswith air quality
management tasks. The most recent Regional Air itQuanagement
Plans (AQMPs) highlighted the importance of NonHir@cal Measures (NTMs), in addition
to Technical Measures (TMs), in meeting environraktargets. The aim of the present work
is to compile a list of all the TMs and NTMs takemo account in the Italian Regional
AQMPs and give in the target year, 2010, an estomadf SQ, NO, and PM, emission
reductions, of PN} concentration and of the health impact of ZRbncentrations in terms of
Life Expectancy Reduction. In order to achieve tihgective the RAINS-Italy, as part of the
National Integrated Modeling system for InternatibNegotiation on atmospheric pollution
(MINNI), has been applied. The management of TMd BiTMs inside RAINS have often
obliged both the introduction of exogenous driviogce scenarios and the control strategy
modification. This condition has inspired a revisiaf the many NTM definitions and a clear
choice of the definition adopted. It was finallyghiighted that only few TMs and NTMs
implemented in the AQMPs represent effective messun reaching the environmental

targets.
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2.1 Introduction

A new approach to air quality assessment was inted in 1996 with the publication of the
European Air Quality Framework Directive (EC,1998)hich defined for the first time
howair quality should be assessed and managedeirM#gmber States. Together with the
subsequently issued four daughter directives (E€R9,1 2000, 2002, 2004), a common
framework for the assessment and reporting of @ity was set, the pollutants for which air
guality standards and objectives were to be corsidi the legislation were specified. The
new Directive 2008/50/EC on ambient air quality asidaner air for Europe (EC, 2008)
confirms substantially the planning and managerapptoach to air quality, even introducing
new limit values for PMs, the assessment of the contribution of naturatcasuand other
new features. The Italian Air Quality legislationderwent sweeping changes through the
Italian Government Decree no. 351 issued undeliddaehtary Delegation on 1999 (ltalian
Government, 1999) to implement the European Dwect®6/62/EC. The air pollution
prevention, improvement and preservation have lassigned to the 20 Italian administrative
Regions while the European Directive implementatiemains at a national level. This
institutional division implies the elaboration oiffdrent Regional Air Quality Management
Plans (AQMPs), a fundamental phase of the entisesssnent process, planning and
management where air quality measures should heedefind adopted in order to meet
established air quality targets. The most powetdol to verify the compliance with those
targets seems to be the integrated assessmentsnaddl among them the RAINS model,
already applied in many negotiation processes (FBAIRD07). Many options are available to
reduce emissions from the different sources ang ¢he be generally divided into technical
(e.g. end-of-pipe measures), structural (e.g. mwitch) and behavioural measures. The
RAINS-Italy model in its current version is restead to the analysis of end-of-pipe measures,
while behavioural measure evaluation is reflectedugh alternative exogenous scenarios of
the driving forces (Amann et al., 2004). The ItalRegional AQMPs include both Technical
and Non- Technical Measures and in this work thesessment have been carried out with
the RAINS-Italy model comparing the Current LEgigla (CLE) and an alternative scenario,
which contains all the measures the Regional adtnations intend to adopt to preserve air
quality in their territory. The CLE scenario is bdson the assumptions that at the target year
the air pollution laws and directives at Europeaatjonal and local level have been applied.
Translated into the RAINS model language, this mggion means that the CLE trends reflect
an energy and non-energy activity level scenarid ancontrol strategy which takes into
account the technological abatement evolution esga@ for each fuel/sector/technology as
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implementation rate of the abatement technolodiés. alternative scenario (AQP scenario)

considers in addition the TMs and NTMs adopted bg Regions in the Air Quality
Management Plan. To take into account the singlesome, both TM and NTM, modification
of energy/activity levels and control strategy wafien made at the same time, not
representing these two clusters of RAINS model trgata a clear boundary line between
TMs and NTMs. The cost analysis is thus not feasibla direct way at this stage and it has
been put off to future works. The aim of this wagko draw up a reasoned list about all the
Technical and Non-Technical Measures assessedhatdtalian Regional AQMPs revising
critically the more spread classification systemd & give an estimation of the emissions
saved at the target year, 2010, using RAINS-ltadyaapart of the National Integrated
Modeling system for International Negotiation ormaspheric pollution (MINNI). The
efficacy of all AQMPs measures at 2010 is showterms of S@, NOx and PMg emissions
avoided and PM concentration reductions together with the improgets of the health
impact indicator, the Life Expectancy Reduction R)Edefined as months lost attributable to

PM, sconcentrations.

2.1 National modeling system: the MINNI proj ect

Integrated Assessment Models (IAMs) have been widpplied since the first Regional Air
Pollution Information and Simulation (RAINS) modaedrsion (Alcamo et al., 1990) has been
used as reference tool for policy makers in devetprost-effective solution to complex
problems (Warren and ApSimon, 1999). IAMs are tdiswplinary tools in combining the
scientific research results in different field likatmospheric chemistry, meteorology,
economy, abatement technologies, policies andanfias on human health. The most used
IAM tool in Europe is the RAINS model (Amann et,d999), developed at the International
Institute for Applied Systems Analysis (IIASA),whigrovides a framework for the analysis
of emission reduction strategies, focusing on &cation, eutrophication and tropospheric
ozone. The RAINSmodel considers emissions of, SGD,, PM;ys, PMys5, VOC and NH
(Amann et al., 2001), provides deposition and cotreéion maps and addresses threats to
human health posed by fine particulates and grdewel-ozone (Amann et al., 2004). It has
now been extended to greenhouse gases (Klaaseh, €2085; Ho glund-lsaksson and
Mechler, 2005; Winiwarter, 2005) evolving to the B model (GAINS, 2009). The same
approach has been adopted in Italy where ENEAesi#if2 and on behalf of the ltalian
Ministry of the Environment, the Land and the Seas been leading the National Integrated

Modeling system for International Negotiation omaspheric pollution (MINNI) project.
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The MINNI project consists of two different but cected models (Fig. 2.1):

the Atmospheric Modeling System (AMS-Italy), sintidg air pollution dynamics
and multiphase chemical transformations;
the RAINS-Italy model, calculating emission sceasyicost curves, impact analysis

on environment and health.

The AMS-Italy (Zanini et al., 2005) consists ofgarmain components:

RAMS (Regional Atmospheric Modeling System), a fyarostatic meteorological
model (Pielke et al., 1992; Cotton et al., 2008)yvples the hourly 3D meteorological
fields using a 2- way nested grid system, the ooter covering large part of central
Europe and the Mediterranean Sea with a 60 kmuggnland the inner one being the
target area. Input data come from the ECMWF (Ewmop€entre forMedium
rangeWeather Forecast) analyses and surface synopservations, assimilated
during the whole model simulation using nudgindhteque. Planetary boundary layer
scaling parameters, diffusivities and depositiofoeidies of the chemical species of
interest have been then computed with a diagnpsstprocessing module;

an emissions processing system prepares hourdgayti emissions for air quality
simulations starting from yearly inventory dataingssets of activity-specific thematic
layers, time modulation and speciation profilesfeRence data employed are the
province-based lItalian inventory and the EMEP (Gwafive Programme for
Monitoring and Evaluation of the Long-range Transsion of Air Pollutants in
Europe) inventory for surrounding European coust(EMEP, 2003). Emissions from
maritime activities included are also consideredwall as volcanoes, whereas some
almost 300 large point sources are treated explidaking directly into account
plume rise effect;

the Flexible Air quality Regional Model (FARM) (ARNET, 2004), derived from
STEM (Carmichael et al.,, 1998), a threedimensioBalerian chemical-transport
model modelling advection—diffusion and multiphaskemistry of atmospheric
pollutants, and including different chemical schenad aerosol modules. Time-
varying chemical boundary conditions have beergassi from the three-dimensional

fields produced by the EMEP Eulerian model forghme period.
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Figure 2.1: The simplified flow-chart of the MINNI national modelling system.

In order to better capture sub-national charadtesise.g. stagnation inside the Po Valley, a
large plane downwind the Alps, the local circulatimduced by the complex coastal
peculiarities of the Italian Peninsula, both afi@gtpollutant dispersion and transformation,
and to consider a higher resolution land-use defmiand consequently a more precise
reconstruction of deposition processes, the spagsalution ranges between 20 km _ 20 km
for preparing the Atmospheric Transfer Matrices KAsl) to 4 km_ 4 km for more detailed
calculation. The ATMs provide the link between S and RAINS-Italy. RAINS-Italy
(Vialetto et al., 2005) is the national versiontisé RAINS-Europe model, and considers as
emission source areas either the nation as a wboléhe 20 administrative Regions;
moreover, it considers the national sea traffice Blatonomy of the Regions in defining air
quality reduction measures, together with the hoghgraphic and meteorological regional
variability requires an administrative regional eggrh. So 20 km _ 20 km ATMs have been
calculated by AMS-Italy (compared to GAINS-Europ@ km _ 50 km ATMs calculated by
EMEP). By means of these transfer matrices, for @nthe calculated emission projection,
RAINS-Italy quickly generates ambient concentratideposition and impact maps, allowing
the assessment of fine particle health impactsutirothe Life Expectancy Reduction
indicator. These evaluations are obviously affected simplified assumptions about
emission—concentration relations. In RAINS-Italfjie tEnergy and Production Activities
Scenarios, which drive the emission projectionthantarget years (every 5 years up to 2030)
starting from the base year (2000), are develogelBRA and ENEA with the optimization
model MARKAL (MARKet ALlocation) (Gracceva and Catdi, 2005). The energy scenario

10



Chapter 2

(Contaldi, 2005) represents the Italian officialesgy scenario transmitted to the EU

Commission for the Emission Trading National Allboa Plans (2005), with updated
assumptions on the development of natural gas ogptson. Both scenarios were downscaled
to a regional level and then compared with the @&ges developed by Regional
Administrations themselves. In this way, the RAIN®del attempts to develop a holistic

understanding of a complex reality through a vgregtreductionistic steps.

2.3 Definition of Technical and Non-Technical M easures

An emerging issue in meeting policy targets for @oflution is the need to consider Non-
Technical Measures (NTMs) for pollution abatememtaiddition to Technical Measures
(TMs) (Oxley and ApSimon, 2007). In spite of thicreasing importance, no comprehensive
and often contrasting definitions are given inrhatere as underlined by the UNECE
workshop (ASTA, 2005; UNECE, 2006). In the MERLINXofect TM and NTM definition is
based respectively on emission factor and actigdata changes (Reis, 2005),while in the
RAINS perspective, Technical Measures are seenlyrasnend of- pipe while Non-Technical
Measures as structural and behavioural changesu¢Bth2005). It is, however, more
complicated than this. The NTMs, often supportedifgal/economic incentives, are actually
not completely independent from technology charees if they are rather geared towards
changing the behaviour of technology users (Stdwuiguet al., 2006). Therefore, the
definition itself and the assumptions used for NTAdsessment could result in an evaluation
process lacking in transparency. An initial attertgpt‘translate” NTMs both for transport
and energy sectors has been implemented in the Ay model. In order to do this, the
classification followed in the present study desivicom Barrett who defines NTMs as
measures where the behaviour of people changesasuth reduce a given environmental
impact (Barrett, 2005). This means that consumptieduction, substitution, but also
technology choice and technology use could be ifledsas NTMs, while in RAINS view
these measures are strictly treated as TMs. Inpeispective, although technology changes
occurred and, in RAINS language, a control strategglification was introduced (see Fig.
2.1), measures like the purchase of photovoltaliargmanel to produce electricity instead of
fossil fuels or the purchase of high efficiency amtic boilers have been classified as NTMs.
The assessment of some NTMs in RAINS-Italy requi@ssequently modifications of both
control strategy and energy consumption, the lassdo take into account different people
behaviours towards technology uptake rates withithrout regional incentives, so implying a
different emission reduction for the same measilihe methodology followed to translate
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these measures in RAINS-Italy is further explaired the results of the classification

adopted in the present work are reported in Taldle 2

SECTOR TYPE of MEASURES
Photovoltaic NTM
Wind ™
Hydroelectric ™
ENERGY Geothermic Well ™
Urban Waste incineration with heat recovery ™
District heating Plant ™
Biogas recovery in agricultural and in farming sest ™
High efficiency domestic boilers NTM
Energy efficiency in building NTM
Residential heating accountability NTM
Heat pumps NTM
DOMESTIC Regulation of some fuel use NTM
Efficiency improvements in fireplaces and stoves ™
Solar heating systems NTM
Incentives for shift to natural gas in domestidérsi NTM
Low emission zones NTM
Road traffic restriction NTM
Pollution charge NTM
Car sharing NTM
Motorway speed limits NTM
Bike sharing NTM
Incentives for new cars ™
Incentives for new diesel heavy duty ™
Antiparticulate filter ™
ROAD Incerr)nive for hydrogen cars ™
TRANSPORT . .
New methane service stations ™
Incentives for biofuel public transport ™
Opening new rail lines NTM
Opening new underground lines NTM
Cycle paths NTM
Sea motorway NTM
Bus investment (new buses, service extension, émguincrease) NTM
Rationalising load transport in urban area NTM

Table 2.1: Technical and Non-Technical Measures adopted in the Italian Regional AQMPs.

12



Chapter 2
24 RAINSand NTMsin theltalian experience with Regional Air Quality Plans

The aim of the activities undertaken in 2008 irsel@ooperation with all the Italian Regions
was to support their institutional functions in pollution assessment and management by
means of a model able to create multiple emisseanarios starting from a coherent and
shared input data assessment. The central tasktheasnalysis of emission reduction
strategies followed in the Regional Air Quality ”da&o meet environmental quality targets by
means of Technical and Non-Technical Measuresattiqular, the PNpemission reductions
achieved at 2010 will be hereby the focus of thalyems being this pollutant still a challenge
for air quality policies; furthermore results foOSand NQ will be shown. The TM and
NTM effect on air quality will be shown as RMconcentrations and losses in Life
Expectancy attributable to exposure to fine paldieumatter, the health impact indicator in
RAINS for anthropogenic Pp4(Mechler et al., 2002).

2.4.1 Scenario analysis

The activity premise was an acceptable harmonizatiba given base year, between regional
emission inventories, set up with a bottom—up apgno and RAINS-Italy emissions,
estimated with a top—down approach. When the traiksion difference between the two
estimations was around 5%, the harmonization pso(fegnatelli et al., 2007) stopped. The
RAINS-Italy regional emission reference scenaricgenso developed for the future years
downscaling on Regions the baseline national enangynon-energy activity level scenarios
with proxy variables and the CLE control strate@nce defined the regional baseline
scenarios, the regional air quality scenarios teBom the assessment of the additional
measures both technical and non-technical implegdeint the Regional AQMPs. At national
level, the 2010 CLE total emission scenario shot& k& of PMy, 376 kt of S@ and 1057 kt

of NOy with reductions, respect to 2000, the referenae,yespectively of 7.9%, 50.1% and
24.0% (D’Elia et al., 2007). The resulting PjWearly average concentrations (Fig. 2.2a)
show exceedances of 4Qug( m?), the standard value, at the most important halia
metropolitan areas. Furthermore, the whole Po Yadlgows critical conditions considering
that in the first runs of AMS model, from which aispheric transfer matrices were calculated
(see Paragraph 2.2), the organic component of pyirA was not considered. Regarding
health impacts (Fig. 2.3a), the most importanidtaimetropolitan and industrial areas have a
loss of average Life Expectancy in a range of 12+2Biths in 2010. These first evidences
highlight the need to implement air quality plaageduce the PM and PM sconcentrations

in urban agglomerations where the greatest pgyoptilation lives and to preliminarily assess
the efficacies of the reduction measures. The AQERpted by 15 of the 20 Italian Regions
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were so analysed and assessed (see Paragraph 2.do®)pared to the 2010 CLE scenario,
the 2010 AQMP scenario reduces BMNO, and SQ emission of respectively 2.8%, 2.4%
and 0.5% and both the variables mapped in Figs.aB® 2.3 do not show significant

improvements. Regions with a more effective AQMRcte higher PNy yearly average
concentrations reductions, with peaks of 7.5% imthesn and central Italy, even if not
sufficient to assure the compliance at 2010 withgaality standard (Fig. 2.2b). Similarly the
improvement in losses of average Life Expectandjicator achieves 1 month only in
Lombardy Region (Fig. 2.3b).
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Figure 2.2: PM;, mass concentration (ug m>) at target year 2010: a) CLE scenario; b) difference (ug
m®) between Air Quality Management Plan scenario and CLE scenario.

14



Chapter 2
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Figure 2.3: Losses in average Life Expectancy (months) attributable to PM, s concentrations at 2010:
a) CLE scenario; b) difference (months) between Air Quality Management Plan
scenario and CLE scenario.

2.4.2 Measures analysis

The complete list of the measures adopted in thtMRQis presented in Table 2.1. A first
level of classification is used to refer to the noasectors of the activities involved in the
adopted measures: Energy, Domestic and TransporthEse macro-sectors, according to the
definition used in this work (see Paragraph 2.3phemeasure is firstly defined as TM or
NTM (see Table 2.1) and then analysed in terms@f 8SIO, and PMo emission reductions
(Fig. 2.4). In Fig. 2.4, the adoption frequencyRagions, shown by the bars, is overlaid with
three plot lines, which report the percentage doution by measure to SONO, and PM
emission reductions. The figure highlights how thest common measures not always allow
the higher emission reductions. In the energy seatost of the regional AQMPs measures

consist of the promotion of renewable energy saynceluding electricity and heat generated
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from solar, wind, hydropower, geothermal resourtésmass and biofuels. These measures

do not alter the energy services for consumer®rmg of a “technical” change in energy
supply structures. The energy policy assumptionthhénAQMPs support power and/or heat
regional-based Plant installation. Therefore, #lated incentives have not a consequence on
consumer behaviour. The “Photovoltaic” measurevmles instead domestic building-
integrated photovoltaic systems whose installatiepends directly on people’s agreement
with the measure and, as already said in Paragzd&hthe behaviour could be affected by
regional incentives. For this reason, accordingh® definition adopted in this study, the
“Photovoltaic” measure is NTM whereas the otheergy measures are TMs. In comparison
to the other sectors, the energy measures hawe adoption frequency, varying from 1 to 3
times and their total contribution to §ONO, and PMg emission reductions is respectively
6.3%, 1.5% and 8.0%. In the domestic sector almbisieasures have been classified as
NTMs, concerning prevalently energy conservatiditieincy strategies with or without the
support of command and control policies or econamgentives. The total domestic measure
contribution to emission reductions is 17.4% for \N@3.0% for S@ and 63.6% for Pi.
Among all these measures, the “Regulation of residl biomass, oil and coal use” reaches
the highest contribution to the reduction of ;Sénissions (36.4%) and contributes to the
15.8% of PM, emission reduction. This measure, together wighntiost effective measure in
reducing PMp emissions (23.8%), the “Efficiency improvementsfireplaces and stoves”,
highlight another important problem concerning {gMmissions: the biomass burning for
heating, a measure sustained by greenhouse gastioedpolicies that originates trade-off
with air quality policies. Regarding the road tpamg sector, the predominant measures are
NTMs, whose contribution is strongly needed to echia notable NOemission reduction.
All transport measures achieve a total contributmremission reductions of 0.7% for O
28.3% for PMp and 81.1% for NQ of this last reduction, 31.4% was reached throtingh
implementation of “Incentives for new diesel headyty”. Although its high efficacy, only
one ltalian Region adopted it, while the contribatof the “Low emission zones”, one of the
most common measures adopted by 7 regions, is ZBesefore, modeling NTMs, but also
TMs, with RAINS-Italy has not always been a simpdsk because some measures act in
different ways for different pollutants (e.g. mat@y speed limits) and others require
guantitative assumptions to translate the givewtirgata (e.g. km of new cycle paths) in a
suitable RAINS-Italy input data (e.g. energy conption of cars). These quantitative
assumptions often deal with a behavioural componegdsure and their local applicability;

transparency is then required when related imgasthown.
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!:D Energy, Domestic and Transport measure adoption frequency in regions

—r—Contribution (%) by measure to SO2 emission reductions

- =& - Contribution (%) by measure to NOx emission reductions

M Contribution (%) by measure to PM10 emission reductions

10

no.regions

1 = Urban Waste incineration with heat recovery;
2 = Biogas recovery in agricultural and in farming
sectors;
3 = District heating Plant ;
4 = Photovoltaic;
5= Wind;
B = Hydroelectric;
7 = Geothemnic Well,
8 = High efficiency domestic bailers;
9 = Energy efficiency in building;
10 = Residertial heat meter,
11 = Heat pumps;

1 2 3 45 6 7 8 9 1011 1213 14 1516 17 18 19 20 21 22 23 2
Measures

12 = Solar heating systems;

13 = Regulation of residential biomass, oil and coal
use;

14 = Incentives for shift to natural gas in domestic
boilers;

15 = Efficiency improvements in fireplaces and
stoves;

16 = Low emission zones;

17 = Road traffic restriction;

18 = Pollution charge;

19 = Car sharing;

20 = Motorway speed limits;

s
N
9]
N
o)}

27 28 29 30 31 32 33

23 = Incentives for new diesel heavy duty;

24 = Opening new rail lines;

25 = Opening new underground lines;

26 = Cycle paths;

27 = Modal shifts from carsAorries to ships;

28 = Bus investment (new buses, service
extension, frequency increase);

29 = Particulate filter;

30 = Incentives for biofuel public transport;

31 = New methane serice stations;

32 = Incentive for hydrogen cars;

33 = Rationalising load transport in urban area.

21 = Bike sharing;

Figure 2.4: AQMP measure adoption frequency in regions, shown by the bars, and percentage
contribution by measure to SO,, NO, and PM,, emission reductions, reported by the three
plot lines.

To cope with the complexity of the subject and w&ttdr point out the methodological
approach, a focus on only 6 of all the AQMP measigeeported. The choice arises from the
remarkable relevance of these 6 measures in tefrbstb their results and their modeling
through RAINS-Italy. Two measures have been chdserach macro-sector and reported
(Fig. 2.5) in terms of S§ NOy and PM, sectorial emission reductions respect to the 2010
regional CLE scenario. In this graph (Fig. 2.5) sitecked bars, whose patterns represent a
different administrative region, showthe differesgctorial emission reduction for each
Region where the AQ measures were applied. BeingldNdependent on people’s behaviour
and varying the hypotheses about measure impletmntamong Regions, different
responses to the same measures have been observedghbut the country with a broad
variation of each single measure effect on, 300, and PM, sectorial emissions, as shown
in Fig. 2.5. In the energy sector, the 2 selectedsures are “Urban Waste incineration with
17
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heat recovery” and “District heating Plant” whi¢ involving a district heating distribution

network, are both combined heat and power generatieasures. Their modeling through
RAINS-Italy produces an increase in renewable gneapsumptions (waste and biomass) in
the Power Plant sector with an equivalent reductibfossil fuel consumptions both in the
Power Plant and the Domestic sector. The translatidhese measures in a suitable RAINS-
Italy input has required the definition and quaaéfion of some parameters, as for example,
the estimation of biomass increase and fossil di@ekease, type of new waste incineration
plant (in terms of emission factors and efficiendggsil fuel power plant and domestic boiler
efficiency, and spatial application of the measufes the “Urban Waste incineration with
heat recovery”, adopted by two Italian Regiong thlative bars reported in the graph show
only one contribution since the regional CLE scersaoften contain preliminary hypotheses
about some of the AQMP measures therefore infligntheir assessment. However, this
measure shows a nearly null S@mission reduction and a slight decrease, 2.9%129fh
respectively, for N@ and PMg emissions in the two involved sectors. For the sthct
heating Plant”, a remarkable sectorial emissianease for S©(13.7%) and NQ(6.5%) has
been highlighted. This occurred because the palgsumptions for “District heating Plant”
capacity are very powerful and the involved exigtilistrict heating plant technologies do not
ensure an efficient SOand NQ emission abatements. Contrarily, the jgMbatement
technologies and the related emission factor ach $o make an effective Plylemission
reduction (6.6%). It could be expected that the rkstrict heating plant generation will
improve its technological structure allowing to mame the trade-off above described. For
the domestic sector, “High efficiency domesticlbos” and “Energy efficiency in building”
are selected. The first measure is reported in FBAHdly variables as decrease of fossil fuel
consumptions and an increase of technology diffusio Domestic sector. Moreover, the
following parameters have to be quantify: the stitsdn rate and the efficiency of domestic
boiler, the new domestic boiler emission factoe #ilocation of domestic fuel reduction
through the different fuels and the spatial appilicaof the measure. This measures show a
wide range of domestic emission reduction, fron®®t06 11.9% for S@ from 0.0% to 10.0%
for NOy and from0.0% to 10.0% for Pl The other measure required the quantification of
the fossil fuel consumption decrease and its alloeahrough the different fuels, an accurate
evaluation of the buildings involved in the measdigded in old and new and the spatial
application of the measure. In this case, it hanlaso verified the energy requirement to
reach in new and old buildings in comparison withse assumed in the CLE scenario. Also
in this case a wide emission reduction range has beticed: from 0.0% to 11.4% for §0
from0.0% to 5.4% for NQ@and from 0.0% to 9.9% for Py
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Urban Waste District Heating Plant
incheration with heat with waste and High effidency Energy efficiency in
recovery biomass dormestic boilers buildng Low emission zones
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Figure 2.5: SO,, NO, and PM;, emission reductions (in %) on regional sector emissions calculated
respect to the 2010 CLE scenario for the 6 selected measures. The stacked bars, whose
patterns represent a different administrative Region, show the sector emission reductions for each
Region where the AQ measures were applied.

Referring to the transport sector, the 2 chosensarea are the “Low emission zones” and
the “Incentives for new cars”. A wide range of §ONO, and PM, transport emission
variation resulted for these measures due to difteevidences: first of all the mandatory
level in applying the same measure among the Regamidl then the different regional car
fleet involved. Where a higher reduction has begmated an older car fleet was involved.
The aim of these types of measures was sometimesike easier the car substitution and it
has so been detected by people. The translatithredirst transport measure through RAINS-
Italy model consists in a modification of eithentwl strategy and energy scenario, involving
the quantification of a large numbers of parametech as: the low emission zone extension,
the fleet involved by the measure, the urban spgedmeasure spatial application, the car
substitution and/or a modal shift. Being the “Intiges for new cars” measure modelled as
anticipation of future European car standard Divest hypotheses only on control strategy
have been formulated, taking into account the fleeblved, the spatial application of the
measure and the car replaced by the incentiveso@dth being two of the most adopted AQ
measures, the results achieved are not much e#esince the higher transport emission
reductions for S@ NOy and PM, are respectively 0.1%, 0.5% and 0.9% for the forome
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and 0.0%, 2.3% and 0.7% for the latter one. Sinaitaalysis have been carried out in terms of

SO, NO; and PMp total regional emission whose results globallyveHower values in

comparison to those reported above which are idstfarred to the sector.

2.5 Conclusions and futuredirections

In implementing the European Air Quality Directi96/62/EC, the Italian Regions have been
entrusted with air pollution prevention, improvern@md preservation tasks. The Regional
Air Quality Management Plans formally adopt air kijyameasures to meet environmental
targets. The adoptable measures can be eitheri¢cattand non-technical, but no more
Technical Measures alone are enough to meet targetsges are also required in our
behaviours both as individuals and societies (Ox#yd ApSimon, 2007). All the
uncertainties in the NTMs definition, as seen ictle@ 3, may influence the results of inter-
comparison studies and introduce a lack of tramsyarin their efficacy assessment making
complex the desirable realization of a unique dindewhere it is possible to find their air
pollution impact, their market and non-market cogte possible implementation instruments,
their social effects and so on. In this sense,ibegrated assessment models represent a
powerful tool but it is necessary to pay attentionNon-Technical Measures approach, in
particular when treating cost analysis (UNECE, 208&any efforts are already going in that
direction (UCL, 2009) and the scientist debatetib gpen. The Italian Regional AQMPs
contain Technical and Non-Technical Measures esfpgcin the energy, domestic and
transport sector and the analyses carried out shewcrucial role of both, although the
normative compliance is not assured everywhetedtto be noticed that the measures mostly
adopted in the AQMPs do not always represent thet eftective measures in reducing M
concentrations and improving the loss in averade Expectancy at 2010. Furthermore, some
climate change policies (like the use of biomastuel are likely to produce trade-offs on air
quality and vice versa (AQEG, 2007) and the nesllehge is to use integrated assessment
modeling to explore the synergies and trade-offsragrdifferent groupings of pollutants. A
step ahead will be possible with the Italian versaf the GAINS (Greenhouse gas Air
pollution INteractions and Synergies) model, butHear analysis still need to be carried out

especially about costs.
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CHAPTER 3

Source ldentification through Multivariate
Receptor Modeling

ntegrated analytical approaches have been caruedh @rder to assess the
Saharan dust contributions to RMevels in southern Italy. Aerosol mass
concentrations and aerosol chemical compositioargehations have been
performed at an urban, suburban and rural backdrauonitoring sites
between July and August 2007. Ridamples were collected using a dual channel p&ateu
matter sampler and analysed using ICP-MS to deteriinace elements (Al, As, Ca, Cd, Co,
Cr, Cu, Fe, K, Mg, Mn, Ni, Pb, Sb, V and Na) cortcations. In order to identify the source-
receptor relationships, a multivariate statistitethnique, Principal Component Analysis
(PCA), was used. Four PMsource categories for the urban site [crustal gag] traffic-
related particles, agricultural practices and glase production]; five main sources at the
suburban site [crustal particles, traffic-relateditigles, agricultural practice, boat oil burning
and sea salt] and, four source categories at tiaésite [crustal particles, rust proofing, textile
manufacturing and farming] were identified. The lgsia, coupled with computation of back
trajectories, complemented with satellite imagéswsed that 23% of the Piidata collected
at the urban, 16% at the suburban and 5% at tlaésite exceeded the EU daily limit value in
conjunction with Saharan dust outbreaks. The releaf this source category, impacting at
all sampling sites, highlighted the need of mortaited measurements than just RBivhass
concentration to implement an appropriate air qualntrol strategy in this area, and also to
prevent apparent air quality parameter exceedaresdting from high levels of crustal

material in routine sampling.
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3.1 Introduction

The European Commission covered PM management ssessment in the Air Quality
Framework Directive (EC, 1996) and in the first Dater Directive (EC, 1999) establishing
for PMy an annual limit value of 4Qig m* and a daily limit value of 5Qig m® with a
maximum allowed number of exceedances of 35 tineesypar. This directive included the
possibility to skip exceedances due to natural &svemhich result in concentrations
significantly in excess of normal background levieten natural sources. In the new Directive
2008/50/EC, that substantially confirms the plagrand management approach to air quality,
PM;o limit values have been retained, however, fewghihave changed which relate to their
application (Brunekreef and Maynard, 2008). The aipdgives indeed the possibility of
skipping exceedances due to natural sources regardif the amount of their contribution;
therefore assessment of natural contributions & PRIV concentration, even for small
additions causing the daily limit value exceedaritgs become a primary task for both
scientists and policy makers. Multivariate recepbmdels have been developed and improved
in order to identify and quantify the contributiaf both natural and anthropogenic PM
sources (Marcazzan et al., 2003). These methods imafact, the great advantage that there
IS no need for a priori knowledge of emission ineeiles and are based on the measured
ambient concentrations of different PM fractionsl @omponents (Chio et al., 2004). Among
natural sources, the sporadic but intense outbrizaks Saharan dry regions have a strong
impact on the Mediterranean region (Sprovieri amtbRe, 2008). Many authors studied the
influence of Saharan dust in different part ofyitdRogora et al., 2004) and in cities such as
Rome (Gobbi et al., 2007) and Naples (Pisani et 2805). Their analysis pointed out,
besides, that the Saharan dust intrusions intdVibditerranean area occurs more often in
summer and with an increasing influence as theulii decreases (Meloni et al., 2007;
Matassoni et al., 2009). As reported in the Ital@overnment Decree no. 351 (ltalian
Government, 1999), the air pollution preventionpiovement and preservation have been
assigned to the 20 Italian administrative regionglying the elaboration of different
Regional Air Quality Management Plans (D’Elia et, &009). Therefore, to efficiently
implement the entire process of regional air quaianning and management, an appropriate
emission sources assessment that fill the gap emaltural sources burden at regional and
local scale is needed as well. Pertaining to thigext, our work have been carried out during
summer 2007 to assess the Saharan dust burdeniraff@Vvh, levels in Calabria region,
Southern ltaly. Three sampling campaigns have Ipegiormed simultaneously at an urban,
suburban and rural background monitoring sites eetwduly and August 2007. RMmnass

concentrations and elemental chemical compositierevanalysed. In order to identify the
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potential natural and anthropogenic sources impgaotiach monitoring site, a multivariate

statistical technique such as PCA was applied. R&@Abeen also coupled with Multi-Linear
Regression Analysis (MLRA) for the quantificationf gource contributions at each
monitoring site. These statistical analysis wemngi@mented with satellite derived products
of global dust distributions that were useful toderstand the dust source regions and

transport pathways.

3.2 Methodology

3.2.1 Sampling and Analytical Methods

PM;o sampling was performed simultaneously at threeitoong sites located in selected
areas of Calabria region characterized by diffenergvailing meteorological conditions.
According to Decision 2001/752/EC and the “Critdoa EUROAIRNET” document, the air
quality monitoring stations involved in this workeve classified as Urban, Suburband
Rural BackgroundStations with regard to the site of Rende (N39°2&Q6°11'0"), San
Lucido (N39°19'22" E16°02'44") and Longobucco (NZ®39" E16°36'49"), respectively.
PMj samples were collected on pre-weighed and prettondd 47-mm Teflon filters, over a
24h sampling period from 18th of July to 30th afgist 2007 using an EN 12341 reference
high volume sampler with a flow rate of 38 L ffin

During the sampling, conventional meteorologicalapaeters were routinely recorded. After
the sampling, P filters were hot digested with 5 mL of a 10% HN&lution and analyzed
for their elemental content using an Inductivelyu@led Plasma Mass Spectrometer (ICP-
MS, Agilent Technologies, model 7500 CE). Concdiurs of Al, As, Ca, Cd, Cr, Co, Cu,
Fe, K, Mg, Mn, Pb, Sb, Ni, V were determined in admples. Since the Suburban
Backgroundstation, due to its coastal location, is very hkeifluenced by natural marine
aerosols, the Na concentrations were also detedniméhe samples collected at this site. A
parallel analysis of blanks was carried out to dif\arpossible contamination. As a first
indication of the relative contribution of crustald non-crustal sources, the enrichment factor
method was applied. The Enrichment Factors (EFgg feeen calculated for each detected
element, considering Al as the reference elemedtusimg the crustal composition given by
Greenwood and Earnshaim. order to investigate the relationships amongvigaetals in
both fine and coars#&actions, the Principal Component Analysis (PCAgsvihen performed
utilizing the orthogonal transformation method wittarimax rotation and retention of
principal components. This technique is used tdaexpghe statistical variance of a given data

set in terms of a minimum number of significant aments. Factor loadings indicate the
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correlation of each pollutant species with each moment and are related to the source

emission composition. PCA was applied to each dataistained from the three monitoring
sites to identify and estimate the strength of jds$ Mo sources. The accuracy of the PCA
technique was tested plotting the model-predictady dPM;o concentrations with the

experimental values.

3.2.2 Multivariate Receptor Modeling

3.2.2.1 Principal Component Analysis (PCA)

Source categories for Rylwere identified by Principal Component Analysis<C&) using
SYSTAT® version 10. PCA is a statistical technique whiah be applied to a set of variables
in order to reduce their dimensionality (Hopke, 200 The orthogonal transformation
method with Varimax rotation and retention of pipad components whose eigenvalues were
greater than unity (Kaisariterion) was used. Careful selection of modellpaggameters and
the number of factors is essential in obtainingsdde results from PCA (Liu et al., 2003b;
Huang et al., 2005). In this analysis, approprisis of selected elements were included in all
source apportionment models. It should be pointgdtitat Henry (2003) suggested that the
minimum number of samples (n) to obtain appreciatselts by PCA should be:

n>30+(m+3)/2 (1)

wheremis the number of chemical species analysed.

The matrix principal component model is represeitgthe following equation:
X=GF +E (2)

whereX (n x m) is the measured composition matrix andchrarare the number of samples
and species, respectively.(n x p) is the source contribution matrix wheres phie number of
source factors extracted, aRdm x p) is the source profile matrix which is traased in this
analysisE (n x m) is the unexplained part ¥f The objective of PCA analysis is to minimize

the value okij which is defined as:

Xij:Zp: gik fik + &j (3)

K=1
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wherexi is thej™ species concentration measured initheampleg"is the particulate mass

concentration from thé&" source contributing to th&" sample,fi is thej" species mass
fraction from thek" source, ej is residual associated with th& species concentration

measured in thd" sample, ang is the total number of independent sources (HopB&3b).

3.3 Results and discussion

3.3.1 Chemical composition

Time series of the recorded RMlevels are shown Figure 3.1 whereas in Table 3.1 a
statistical analysis of the detected element canagons in PMo are reported for the urban,
suburban and rural sites, respectively. The da#amPMolevels were 35.41g m?, 38.4ug

m and 24.6ug9 m? at the urban, suburban and rural sites, respegtiidie average PM
concentration at the suburban site was 1.1 andirh&s higher than those observed at the
urban and rural site respectively. Pertaining tthemental composition, the Al mean
concentration was highest at urban and rural giteke at the suburban the Na contribute was
considerable. The Al percentage contribution taltetemental mass concentration, as sum of
only elements detected in this study, was 86% &i%9d 8t urban and rural site, respectively.
At suburban site, where Na contribution was 69%, Ah content accounted for 28% of the
total. All other metals showed a trace contentti®aarly the As, Cd and Ni concentrations
were lower than the target values reported in tii@jean Directive 2004/107/EC (EC, 2004)
and the Pb levels lesser than the relative limitevaestablished in the European directive
1999/30/EC (EC,1999). The concentration range oh edement was very wide resulting in
high standard deviations from the mean concentragaich high standard deviations are not
unusual for the data obtained in the Mediterranaanosphere (Rodriguez et al., 2002;
Rodriguez et al., 2004; Querol et al., 2004a). figh variability of each element and the
large standard deviation observed at each mongosite, suggests that the ambient air
concentrations varied depending on non-local seusteh as for instance Saharian dust,
whose sporadic but intense occurrences have agsingoact on the Mediterranean aerosol
(Sprovieri and Pirrone, 2008). The African dust weences was firstly evaluated by
comparing crustal derived metals such as Al, CaKrévig and Mn time series with Pyl
levels. During these events the concentrationd@fctustal elements, as it can see in Figure
4.1, reached levels in excess respect to the bagkdrconcentrations by up to one or two
orders of magnitude (Kubilay and Saydam, 1995; iGétl al., 1998; Kubilay et al., 2000;
Herut et al., 2001; Herut, 2001). Back trajectobased analysis complemented with the

NAAPs based dust concentration maps (see Figuresti@gested that the observed high
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mineral dust concentrations were reached at eacBitguduring African dust outbreaks with

a concurrent raising in PMlevels.

PM1o [ug m'3]
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Figure 3.1 Time series of PMyq levels recorded at a Suburban, Urban and Rural Background sites

Parameter  Unit Urban Background Suburban Background Rural Background
n=37 n=3¢ n=4(
Mean Max  min SD Mean Max  min SD Mean Max  min Si
PMy pgm® 3538 9930 110 2273 3843 13400 11.80 25.10 2464 86.3670 7 16.61
Al ngn® 347.92 145146 8.87 391.80 586.53 2439.14 102.86 566.80 .1B33@102.01 18.38 452.46
As ngm® 020 094 000 021 014 118 000 029 000 0.00 000 do00
Cd ngm® 020 760 000 120 000 000 0.00 0.00 000 000 000 Q00
Co ngm* 010 090 000 020 002 080 000 013 000 0.00 000 do00
Cr ngn® 883 1222 265 206 556 13.63 218  2.18 312 731 149 146
Cu ngm® 1402 4171 213 728 19.99 15876 6.86 27.15 37.13 400.1988 1. 87.17
Mn ngn® 12.08 4177 0.00 10.67 1575 5274 235 11.89 853 4139  0.00.02
Ni  ngnm® 475 1770 0.69 1092 6.66 1749 164 377 116 350 000 {87
Pb ngn® 1299 4605 162 11.06 1540 207.36 4.76  32.17 17.56  61.7890 3. 15.50
Sb  ngn® 167 370 016 075 134 421 026 065 094 164 054 026
\ ngni® 297 645 000 1.88 573 2118 157 358 122 366 010 1oe
Na ngm? - - - - 1450.71 4367.13 383.22 947.48 - - - -

Table 3.1 Statistical summary of PM,, and trace element mass concentrations at the three sampling sites
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Figure 3.3 Saharan dust outbreaks occurred over the southern Italy. On the left panels
shows 5-days HYSPLIT backward trajectories are reported for the: a) 24™ of July; c) 24™ of
August and €) 30" of August. On the right panels NAAPs based dust concentration maps for

the: b) 24™ of July; d) 24™ of August and f) 30" of August are reported
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3.3.2 Meteorological influence

Average PM, concentrations as function of wind direction arewven in Figure 4.3. The Pl
concentrations were observed to be high when thd wias blowing from the southeast over
the urban site, from the Northeast at suburbanNorthwest at the rural site. Because of the
predominant wind direction the contribution of pbllutants from this specific direction at
each measuring site is significant compared torodirections. Statistical analysis of daily
mass concentration and relevant meteorologicalnpetiers such as daily mean values of
temperature, relative humidity, precipitation, apleeric pressure, wind speed and direction,
were performed (Figure 4.4). Negative correlatiathwind speed was observed giving the
prominence to the efficiency of the atmospheridzuntal mixing as a dilution mechanism.
This was most evident at the suburban site wheeeviind speed values were highest
compared to those recorded at the urban and ritiesl #\ positive correlation was, indeed,
found for the temperature parameter. The;fPddak concentrations occurred correspondingly
with high temperature values. No significant catiein was found between Riand relative

humidity and between P}dand pressure.

Figure 3.4 Sampling sitesin Calabria region; inset wind direction distribution of PMyq
average concentration at: a) Urban, b) Suburban and ¢) Rural Background sites
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Figure 3.5 a)Temperature, b) Wind Speed, ¢) Pressure and d) Relative Humidity behaviour observed
at the Urban, Suburban and Rural Background monitoring stations

3.3.3 Enrichment Factor analysis

The degree to which trace elements in the aeram@senriched or depleted relatively to
specific sources can be assessed using the EnmtHraetor (EF) analysis (Chester et al.,
1999).The content of trace elements in crude soillcc arise from the geochemical
background of the soil or from anthropogenic cdmttions. According to crude soil values of
EF<10 indicate that local resuspension of crudks s®ithe origin of elements. Values of EF
in the range of 10-5000 indicate that the elemanésmostly emitted from anthropogenic
emission sources (Hlavay et al., 1996). The EFaufet elements was calculated according to

the formula:

_ CXa/ CRa

3)
CX c/ CRC

where,

Cx 2 = trace metaK concentration in the aerosol;
Cra= reference elemem concentration in the aerosol;
Cx = trace metaK concentration in average crustal material;

Cr.= reference elemeiir concentration in average crustal material.

34



Chapter 3
As the reference element must be abundant in théecsoil, the choice of the reference

element R is limited (Si, Al or Fe). To have affirsdication on the extent of the contribution
of anthropogenic emissions to atmospheric eleméstals, the enrichment factor (EF) in this
study has been calculated for each detected elem&ng Al as reference element and the
crustal composition given by Mason (1966). In gahean internationally accepted average
crustal composition is used to calculate trace elgnikEFs for ambient aerosols (Odabasi et
al., 2002). By convention, the average elementacentration of the natural crust is used
instead of the continental crust composition of$pecific area, as detailed data for different
areas are not easily available. Moreover, partialessubject to transport phenomena and the
definition of a specific area is quite difficult.

In Figure 4.5 mean enrichment factors are represleitlements with EF next to unity have a
strong natural component while elements with higilichment factors have mainly an
anthropogenic origin. In PM fraction Mn has EF next to 1 whereas Pb, Cd andi&wv
elevated values of enrichment; As, Cr, Ni and Veothse appear to be enriched even if to a
lesser extent. The resuspension of previouslyesketlarticles of anthropogenic origin can
increase the EF values. In this study, the EF walyeto 10 and below 100 were considered
as contributors to resuspention. In this way, is\aacertained that local resuspension had no
influence on the content of Pb and Sb in the atimexsp aerosol, whereas dust originating
through long-range transport and through resuspensi settled dust particles, significantly
contributes to the content of As, Cr, Ni and V imetatmospheric aerosol. The other
investigated elements originated partly from crsdd but also from some other emission

sources in the region.

@ Rural Background (RB)
B Suburban Background (SB)
Al : : B Urban Background (UB)

’ ’ ’

=
=

100 1000 10000
Log (EP)

Figure 3.6 Enrichment factors (EF) of trace elements detected at SB, UB and RB site locations
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3.3.4 Source identification and apportionment

Principal component analysis was performedUsban, Suburban and Rural data sets. The
results, in term of loadings, as well as the paroérhe explained variance are presented in
Tables 4.2, 4.3 and 4.4, respectively. To deterrtiieenumber of sources, it was reasonable
to test different numbers of sources and use tletbat both adequately fits the data and
provides the most physically meaningful results. tést the accuracy of the applied PCA
technique, the model-predicted daily RMconcentrations were correlated with the
experimental values. The?RBuite high values for urban, suburban and rural €t72, 0.81
and 0.87 respectively) show a good agreement batmeaitored and modelled data.

Trough the PCA five independent factors for 8uburban site and four independent factor
for the Urban andRural site were extracted. The crustal factor was comtooany of the
three monitoring locations. Other two sources likaffic and agricultural practice, were
common to botiJrban and Suburban sites. The sources labelled as oil burning andnaar
were only found in the San Lucido site. Glasswamalpction were only found to contribute
to the Rende PM levels, whereas rustproofing, textile manufactirend farming were
indentified to be the fingerprint sources in thengobucco site. The source profiles of the
PMjpsources are shown in Figures. 3Jflfan site) 3.9 @uburban site) and 3.11 Rural site).
Estimated mass contributions from each identifiedrse category obtained by Multiple
Regression Linear Analysis are moreover shown gutéis 3.8, 3.10 and 3.12. Due to the
limitation in analysed sources species, 22.8 %haturban site, 18.6% at the suburban and
17.8% at the rural site, respectively, could noapportioned to any possible sources by this
technique.

The crustal source with Al and Mn as main tracees wommon to either of the three
monitoring site involved in this work. This sourpepresents inputs of mineral particulate
matter of local origin (local/regional dust resusgien) but also of African origin resulting
from the incidence of African dust outbreaks in stiedy area. The other sources are detailed,
for each monitoring site, in the further paragraphs

3.3.4.1 Case Study #1: Rende (Urban site)

Four factors were determined in RJMwhich explained 75.3% of the variance (see Talf¢

The first component (PCU1) extracted for the Urbae data set is represented by the crustal
source which accounted for 28.9% of the total veméa, consisted of Al and Mn with high
loading levels. The second component (PCU2) expthiz3.1% of the variance with major
contributions from Pb, Cu, Ni, Cr and V in descewdbrder of their loading levels. This

factor was selected as a traffic-related sourceesponding to the re-suspension of road dust
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generated by abrasion of vehicle-parts and roafdses as tyre and brake wear (Kummer et
al., 2009; Sternbeck et al., 2002; Adachi and Tstiwo 2004). The source identified as
agricultural practice represents the third factB'C(U3) which explained 14.6% of the

variance. It was associated with As whose loadatheé only one with a high value in this
principal component. The As was assumed to be cerraf various insecticides used for
agricultural practices (Peryea, 1998; Zang and SPA@1; Otero et al., 2005). Although this
inorganic arsenic compound is nowadays banned dianam health damage caused by its
toxicity, in the last half century, Mono Sodium Mgk Arsenate (MSMA) and Di-Sodium
Methyl Arsenate (DSMA), a less toxic organic formamsenic, has replaced lead arsenate's
role in agriculture. The fourth and last compon@&@€U4) extracted for the Urbaite data set
explained 8.8% of the variance. It was primarilgasated with Sb that in mixtures of its
sulphide and oxide, is used as pigment in glassgsing. Since many factories involved in
the glass manufacturing are located near the Urbanitoring site, this component was

confidently identified as related to glassware piciabn.

3.3.4.2 Case Study #2: San Lucido (Suburban site)

Five principal components were extracted accouniimgB2.3% of the cumulative variance
(Table 3.3). The first three components PCS1 (ildgffPCS2 (Crustal) and PCS3
(Agricultural Practice), with 26.0%, 23.8% and 18.8f the explained variance, are common

to those identified in the Urbagsite with similar tracers. In the Traffic compongthie loading
values are high for the tracers (Pb, Cu, Sb andviigh are related to the abrasion of vehicle
parts. Several studies have shown that Pb, Cun8kCa are indicator elements for traffic
emissions (Querol et al.,, 2001; Manoli et al., 200khe fourth component (PCS4) was
associated with V and Ni tracers and representssom from oil combustion since nearby
there is a small harbour and motor-boat trafficstibutes a constant source of oil combustion
emissions. The fifth component (PCS5) was assatiatth the marine salt element, Na with
a high loading (0.95) that can be considered a®itraf marine aerosol, transported from the

coast towards the study area.
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3.3.4.3 Case Study #3: Longobucco (Rural site)

Four factors were determined in R\t the rural site (Table 3.4). Besides the fimhponent

identified as crustal source (PCR1) with 24.6% ofplained variance, three others
components were extracted for the Longobucco data vghose interpretation was not
straightforward. The second principal componentRR); shows high loading only for Pb and
probably identifies the red lead (Pb304) that red crystalline dust used as pigment in the
rustproofing paint for iron and steel. The thirdnpipal component (PCR3) was associated
with Sb, Ni and Cr, whose inorganic salts are us®anordants in the textile industry to fix
dyes. Since the traditional textile manufacturiagsiill an important part of the Longobucco
economy, this component could be solely interpretedextile manufacturing. Finally, the
major contributor to the fourth principal componéACR4) was Cu. Copper sulphate is used
as a fungicide and bactericide on plants, famogsfpes in “Bordeaux mixture”, (artisanal
wine making is still common in the area), and italso used as disinfectant for livestock.
Therefore, since the Longobucco economy is alsedas cattle-farming with a small scale
agricultural component, Cu was identified as mamurand farming source. For V any

relevant correlations, with the identified souragere founded.
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PC, PC, PC, PC, PG,
Pb 0.96 0.04 007 -001 0.09
Cu 0.89 0.2 002 030 0.1f
Sb 0.87 -0.06 -0.28 -0.08 -0.06
cr 050 0.26 025 028 026
Al -0.03 094 -003 026 -0.0p
Mn -0.03 094 -0.13 018 -0.00
As 0.02 0.5 094 -007 -0.1B
Ni 002 025 032 078 0.18
v 021 035 -021 075 -0.28
Na 0.12 -0.04 018 0.00 095

Eigenvalues 457 3.00 210 170 1.1
Variance (%)  26.00 23.80 13.30 10.50 8.
Cumulative (%) 26.00 49.80 63.10 73.60 82.30

Table 3.3 Varimax rotated factor matrix
for Suburban site

Agricultural
Practice
2.0% ) )
Crustal Oil burning
A7 1% T ] Yo, 13.1%
PC,: Oil burning TR CTL e 1T A 2R
1.00 Marine
4.0%
0.80 1
0.60 1 Undetected
) 18.6%
0.40 Traffic °
o 15.2%

0.20 -

0.00

PCs: Marine

Figure 3.9 Source profile for PMyg collected at the Suburban site

Figure 3.10 Source apportionment of
PM,, at the Suburban site
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PC;: Crustal

PC,: Rustproofing
1.00

0.80

0.60

0.40 1

0.20

0.00 + |
Al Mn \ Pb Sb Ni Cr Cu

PC, PC, PC, PC,

Al 0.96 -0.01 0.10 0.1§
Mn 096 0.05 0.16 0.11
\Y 0.84 0.05 0.28 0.0
Pb -0.02 0.93 0.05 0.14
Sb 0.11 -0.23 0.75 0.3§
Ni 0.18 0.18 0.73 -0.0Y
Cr 0.38 047 0.61 0.03
Cu 0.17 0.16 0.09 0.93

Eigenvalues 353 1.28 0.94 0.86
Variance (%)  34.64 15.76 19.88 13.0
Cumulative (%) 34.64 50.40 70.28 83.3

o))

4

PC3: Textile Manufacturing
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PC,: Farming
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Figure 3.11 Source profile for PMyq collected at the Rural

site

Table 3.4 Varimax rotated factor matrix
for Rural site

Undetected
17.8%

Crusta
38.5%

Textile Rustprofing
Manufacturing 10.7%
17.9%

Figure 3.12 Source apportionment of
PM,, at the Rural site
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3.4 Conclusions

This study provided a detailed analysis of the;fP&lemental composition affecting an urban,
suburban, and rural area in Calabria and evaluAge@tmospheric transport patterns as well
as the potential source regions affecting;PMvels. The PCA application showed that few
number of principal components is enough to expieier than 75% of the total variance for
each dataset. The analysis indicated the existehammplex processes of emission and
transport of trace elements from local, natural anthropogenic sources, but also from
remote sources. The RMevels at the three monitoring sites were affectedifferent ways,

by transport, agricultural, marine and manufacwractivities source emissions, but the
common source impacting largely at each site, wlas $Saharan dust. The RM
concentrations in each monitoring site were noyvegh, though, some exceedances, related
just to Saharan dust outbreaks have been detelitede events were identified combining
the information from the PCA procedure with thainfr other independent tools. Satellite data
and results of HYSPLIT Model, specifically develdp® simulate dust mobilization and
transport, were used. The identified Saharan dutiireaks showed in each sites a relevant
contribution with a sharp raising in RM Al, Mg, K, Ca, Fe and Mn levels. This
consideration highlighted the importance of the ;fPMource apportionment jointly with
others integrated analytical approaches that cansee in long-term health-impact based
studies and can support policy making in order thieve an effective air quality
management. The extent to which exposure to ‘natBM itself is harmful to health is, in
fact, still a matter of debate (Brunekreef and Magh) 2005). In the absence of a single,
recognised standard procedure, more studies wié H@ conducted to assess the correct
Saharan dust impact on Rjvtoncentrations in the Mediterranean area withexigp regard

to the southern regions.
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CHAPTER 4

Natural Sources. Aerosol-Ozone variability at a
Marine, Urban and High Altitude monitoring
stationsin Southern Italy during summer 2007

entral-Southern Mediterranean basin, especiallgummertime, is heavily
affected by Saharan dust outbreaks and wildfirenesveA focus on their
significant influence on either oxidizing capacdf/the atmosphere and air
quality over Calabria region, southern lItaly, wasehpresented. Since the
frequency of these events is expected to increasdalclimate change, similar studies could
even be a valid effort to better understand andadherise such atmospheric variations. In
particular, during summer 2007, the south of Italyd largely the Calabria region was
affected by a quite severe fire season with théndsg total area burned (estimated for
Calabria at 9 608 ha) occurred in Italy. In orderevaluate the spatial variation of aerosol
(PMy0) and ozone (€) concentrations under the influence of both amgbgenic and natural
sources and characterize the atmospheric conditi@idead both @and PMq-rich episodes
in southern ltaly, an intensive sampling campaigrs Wimultaneously performed from the
middle of July to the end of August 2007 at a Maribrban and High Altitude monitoring
stations in Calabria region. Among natural sourc@sharan dust intrusion and Biomass
Burning, have shown to involve a marked impacttendata recorded. Typical fair weather of
Mediterranean summer and persisting anticyclongesysat synoptic scale, were indeed
favourable conditions to the arrival of heavily tisaded air masses over three period of
consecutive days. A cluster analysis, based ormpteeailing air mass backward trajectories
was performed allowing to discriminate the conttitwu of different air masses origin and
paths. Results have shown that both;P&hd Q levels reached similar high values when air
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masses coming from the industrialized and densapulated continental Europe as well as
under the influence of wildfire emissions. Duritng tindentified dust outbreaks a huge rise in
PMyo levels with a concurrent decrease ig ¥@lues was otherwise observed. Spatial and
meteorological variability between observationsf@ened at the three sampling locations
were furthermore presented highlighting the cohezemvith measurements previously

recorded around the Mediterranean Basin.

4.1 Introduction

During the last decade, the long-range transpgobdfitants across the Mediterranean sea has
received considerable attention due to the highllet’industrialization and dense population
around the basin which provide a significant eBemt pollution of this area (Lelieveld et al.,
2002; Millan et al., 2006). Research studies cdroet in the Mediterranean region have
shown that the Mediterranean atmosphere consisasnukture of anthropogenic and natural
contributions thus confirming this region to be ajon crossroad of different air mass
transport processes (Duncan et al., 2008). Theaibatibns of these two components within
the region depend on different factors such asréfetive distance between sources and
receptor sites and the meteorological conditions.

Different classes of particles can be found inNtesliterranean atmosphere due to the variety
of the regions around the basin: desert dust, ratgd from North Africa (Saharan dust) and
from the arid regions of the Iberian Peninsulajuyiet particles, produced mainly in urban
and industrial areas of Continental and Easternof&r marine aerosol, continuously
originated over the Mediterranean itself or tramtgmb from the North Atlantic; and biomass
burning particles, often produced from forest firé2ace et al.,, 2006) Moreover, the
Mediterranean basin is a unique area with the Isigherosol optical depths in the world
(Ichoku et al., 2002; Husar et al., 1997) and maxmdirect radiative forcing values due to
the accumulation of aerosols favoured by meteorcédgconditions, small cloudiness and
prolonged exposure to solar radiations (Hatziasagia et al., 2004) Similarly, ozoneGs

of particular interest in the Mediterranean regibnfact, compared to Central Europe; O
concentrations over the Mediterranean are up tel@-(10-12 ppb) higher (Kalabokas et
al., 2007) Increasing ozone concentrations hawbdubeen observed from North to Central-
South Europe (Lelieveld et al., 2002)

The high levels of solar radiation observed in Mediterranean in combination with several
factors such as, anthropogenic and biogenipr®cursor emissions, trans-frontier transport of
pollutants, frequent biomass fires and thermallguted recirculation near the densely

populated coast, favor intense photochemicapf@duction (Millanet al., 2006;Pace et al.,
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2006; Rodriguez et al., 2001; Auvray et al., 200autard et al., 2003; Gerasopoulos et al.,
2005; EEA, 2005-2007). Results observed in previiugies highlighted the importance in

the Southern Mediterranean Basin of BMnd Q pollution events occurring in summertime

(April-October)?**! These episodes, related with meteorological camit that favour
enhanced photochemicak @roduction and aerosol accumulation, have showoattse an
additional violations per year of both the Européealth standard for {8-h average < 60
ppbvy*® and the European daily Rytarget value (< 5Qig m®)."> Moreover, an increase in
mortality, often registered during summertime, sesso to be related to these worse air
guality conditions other than to the highest terapee of the typical Mediterranean summer
season. Particularly, during the three heat wavisodps occurred in summer 2007,
significant excess in mortality was observed maimythe south of Italy with a percent
increase between 11-56%0Owing to this context, during summer 2007 in Ceibegion,
Southern ltaly, properly sampling campaigns conoeriPMy, tropospheric @ along with
selected parameters were simultaneously perforrhedMarine, Urban and High Altitude
monitoring stations. The results obtained were tbaupled with both backward trajectories
analysis and satellite derived products which weseful to understand the aerosol sources
and transport pathways. These crossed analysisitpEinio assess some Saharan dust
intrusion, highlighting that low ©concentrations usually accompany these transperits.
These findings were confirmed by soundings @f Rumidity and temperature recorded at
other existing monitoring stations over Calabri@aarbesides ours. Fire hot-spots were
identified by the MODIS Rapid Response Systdrip(//rapidfire.sci.gsfc.nasa.gdwvhich

provides for specific locations and daily frequerafybiomass burning. Finally, a cluster
analysis based on the prevailing air mass influemes performed allowing to discriminate
the contribution of different air mass origin araths and to better characterize the correlation
between @ and PMo concentrations. In order to assess the Saharancduagibution in
exceeding PN target values a statistical based methodology apgdied to the three Pl
data set obtained. Spatial and meteorological b#itia between observations performed at
our three sampling locations and their comparistth wreviously measurements performed
across the Mediterranean Basin were furthermorgepted.

4.2 Materialsand Methodologies

4.2.1 Monitoring Sites
From 18 of July to 38 of August 2007, ground-based air measurements were

simultaneously performed at three sampling statiocated in Calabria region, Southern Italy
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(Figure 4.1). Main characteristics of each samplsig are summarized in Table 4.1.

According to (18) the air quality monitoring stat®involved in this work were classified as
Urban (UB), Suburban (SBand Rural BackgroundRB) Stations with regard to Rende
(N39°20'0" E16°11'0"), San Lucido (N39°19'22" E1843") and Longobucco (N39°23'39"
E16°36'49") sites, respectively.

Figure 4.1: Monitoring site locations: Suburban Background (SBban
Background (UB) and Rural Background (RB) sites.
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i Monitoring Station
Site Town Altitude Latitude Longitude ) .g o,
[masl] Classification
SB San Lucido 49 39° 19' 22" 16° 02' 44" Suburban
Background
uB Rende 250 39° 2@" 16° 110" Urban
Background
RB Longobucco 1379 39° 23' 39" 16° 36' 49" Rural
Background

* according to Decision 2001/752/CE

Table 4.1: Coordinates and monitoring station classification €éach sampling site

Urban Background (UB) station is located inside ¢ampus of the University of Calabria in
Rende. This town is about 4 kilometres far from itieggor urban area of Cosenza even if the
two conurbations now effectively run into each othenstituting one continuous urbanised
area of roughly 100 000 inhabitants. The increasirganisation of the area led to a 4%
increase in fuel consumption between 2002 and 20@6the traffic flow is the major local
source of air pollutiod? The A3 motorway crosses the area at about 1km afashe
measurement site with a considerable traffic flmeluding heavy-duty vehicles.

Suburban Background (SB) station is located onTimgrenian coast of Calabria on a small
headland 49 m asl, near San Lucido, a village wigopulation of 5 906 inhabitants. During
the summer season, particularly in July and Augtisis seaside area attracts a large number
of tourists with a resulting rapid increase in plagion and traffic flow. The nearest major
road, the SS 18, located at about 600 m east thplisey site, follows the coast line and has
a traffic count in the summer season of approxitp@®00 cars per d&f.

Rural Background (RB) site is at a relatively higiitude (1379 m asl), situated near the
village of Longobucco in the Sila Massif, betwele Tyrrhenian and lonian seas. The area
surrounding the sampling station is a mixture afssmal pasture and woodland. Longobucco
has a population of about 4 000 inhabitants, buitisated in a valley some km away. The

local economy is based particularly on cattle-fangréind on textile manufacturing.

4.2.2 Sampling and Analysis Procedures
PM;o samples were collected on pre-weighed and pretondd 47-mm Teflon filters, over a
24h sampling period from ¥8of July to 38" of August 2007 using a dual channel high

50



Chapter 4
volume particulate matter sampler with a flow rat&8 L miri*. A total of 44 samples were

obtained at each monitoring siteg @easurements, available for UB and RB sites, were
performed by an automatic Teledyne UV absorpticonezanalyser (Model 400E). The ozone
analysers were calibrated every 24 h by routineraated additions of known concentrations
of gaseous ozone supplied by an internal permeatoince. A sampling flow rate of 0.8 L
min® was used to measure the ozone concentration évenjn. At only SB site CO
measurements were carried out by an automatic C&yser Teledyne (Model 300E).

Meteorological parameters were continuously measateall three monitoring stations.

4.2.3 Data Analysis Treatment

For each monitoring sites the data set consisBMaf daily mass concentrationsg mi®) and
daily meteorological parameters average valuesnffegature T (°C); relative humidity RH
(%); precipitation (mm); daily mean wind vector mdpwith component wind speeds WS (m
s%) and wind direction | (deg)]. In addition, 5-minute £average values were available for
UB and RB stations whereas 5-minute carbon mono{@{®@) levels were recorded only at
the SB site. For each measured variable, the expler statistical parameters of data
distribution have been performed. To investigat different source regions of air masses
reaching the study area and to better understam@dburrence of specific events affecting
PM;o and Q levels at each monitoring site, 5-days backwaagbttories at different altitudes
(500, 1 000 and 1 500 m a.g.l.) for each samplieng were calculated using the HYSPLIT4
model?* Several tools, such meteorological maps, numeritadlels and satellite images,
were also analyzed as useful sources of informatiomarticular, the influence of African
dust transport was investigated following the mdtiogy described in the next section. The
sulphate concentration maps provided by NAAPs model

(http://www.nrimry.navy.mil/aerosdl/were instead used to identify events of transdaon

transport of pollutants from the European contin@therwise, for fire events identification

the MODIS true-colour imageshtfp://rapidfire.sci.gsfc.nasa.ggvand the NAAPs based
smoke concentration maps were in addition useddatify the origins and the extension of
fire plumes. Specific locations and daily totakfinot-spots over the Cosenza province were
then obtained from the Fire Information for Reseur®lanagement System (FIRMS)
(http://maps.geog.umd.edu/firjngrhich integrates remote sensing and GIS techmedotp
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deliver global MODIS hotspot/fire locations to nau resource managers and other

stakeholders around the world.

4.2.4 Methods applied for the identification of Saharan dust outbreaksin Calabria Region

The identification of Saharan Dust Outbreaks (SD@Was performed applying the
methodology well described in (22). Five-day ba@jectories ending at each of our
sampling location at 2000 and 4000 m a.g.l. alétueere thus calculated by HYbrid Single-

Particle Lagrangian Integrated Trajectory (HYSPLMddel?*

including the vertical wind.
As stated by the used methodology, the air massedoaded with Saharan dust through
entrainment in the mixed layer or through permaremeer the Sahara for a long fraction of
time. The entrainment condition requires that thgettory approaches the mixed layer within
500 m of the layer top or enters the mixed layethis case the most probable loading area is
located where the distance between the trajectudytlae mixed layer is the lowest, or where
the intrusion into the mixed layer is the deep@s$tereby, the entrainment condition was
checked for the trajectory ending at 4000 m firsdl #hen for that ending at 2000 m. If the
entrainment condition was never met along bothettayies, the permanence condition was
checked for the trajectory at 2000 m. In order twoant wet deposition events, the
entrainment and the permanence conditions weregtetenly if it did not rain after the dust
loading; this condition should be eliminate asextdty the followed methodology. Otherwise,
in order to corroborate the identified dust eveatyitional information was obtained from
satellite observations reporting Aerosol Index, fgened by Earth Probe/Total Ozone
Mapping Spectrometer (EP/TOMS),and from model results of dust optical depth from
NAAPS -  Navy  Aerosol  Analysis  and Prediction System

(http://www.nrimry.navy.mil/aerosdl/ Furthermore, specific SDO events were analyzed i

relation to the NCEP based 700 mbar level geopalertieight and temperature
(http://www.cdc.noaa.goy/in order to assess their seasonal differences thrd main

circulation patterns driving these events through €entral Mediterranean basin to our three
sites. All the NCEP maps have been taken consiglenmnarea of 10°-60° N and 30° W-40°
E. Finally, for the quantification of the daily Adan PM load during dust outbreaks, the
method based on the statistical data treatmenbaf Rvels time serié§ was used. The daily
dust load was obtained by applying a monthly modal percentile to the P time series

at a reference rural station, located at Firmo9QM3'22” E16°10’15”, 370 m a.s.l.), in
Cosenza province, after a prior extraction of tlaysdwith Saharan dust influence. The
recorded PN time series at the rural station considered is #tudy, are indeed available
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since 2004 and can be easily downloaded by the HBRAQataset

(http://www.brace.sinanet.apat.it/web/struttura.hitnithen, for a given day under Sahara

influence, the net dust was obtained by subtradtiegcalculated value from B@ercentile to
the measured P} concentration. The thus calculated net Africantdoad, valid for the
whole region, as stated by the used methodology,thereby subtracted from the daily RM
levels recorded at each of our sampling statiomg @m days when the occurrence of African

dust outbreaks was observed.

4.3 Results and Discussion

4.3.1 Overview on PM 1o and O levels recorded during summer 2007

Sampling campaigns were performed fronf' 18 July to 38" of August, when typical fair
weather conditions of the Mediterranean summeragiey. No precipitations were generally
recorded (only an exception occurred at RB, duting 23 of August) and the hourly
maximum of air temperature reached values of 3204 and 31.7 °C at SB, UB and RB
sites, respectively. Local winds were quite weaklevh persisting anticyclone system often
occurred at synoptic scale. Temporal series ofRMncentrations recorded at the three sites
are reported in Figure 4.2. A common pattern canlserved with particular evidence in the
raising values, even though the second and thiedk palues, reached at both SB and UB
sites, did not appeared at RB. At each samplitey si total of 44 values of PiMdaily
concentrations were determined, ranging from 14.834.0ug m °, from 1.1 to 99.31g m >
and from 7.7 to 86.4g m > at SB, UB and RB site, respectively. Roncentrations ranged
very wide resulting also in high standard deviati¢®3.8ug m*at SB, 22.7ug m* at UB and
16.0pug m*> at RB) from the mean concentrations that were 8§.#°, 35.5ug m* and 24.7

ng m°at the SB, UB and RB site. Such high standard tievis are not unusual for data
obtained in the Mediterranean atmosphefesuggesting that ambient air concentrations
varied depending on non-local souré&sleasured Py mean values were both lower than
the yearly limit value of 4Qug m> while a number of 9, 10 and 2 days exceeding tiky d
PMy limit value®® were recorded at SB, UB and RB sites, respectivalyrder to discuss
these observations, the PMlata presented in this study were compared withoRMaSS-
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levels previously recorded across the Mediterrarigasin (MB). In this area, as reported in

(15), PMy concentrations reach the maximum values duringnsemime as result of the
higher frequency of African dust outbreaks, loweaegipitation, higher (local/regional)
resuspention owing to the dryness of soils, in@édsrmation of secondary aerosols caused
by the maximum solar radiation and recirculatioramfmasses that prevent air renovation. In
(15) summer mean Piyimass-levels across the MB are reported. Thesevatvealed clear
W-E and N-S increasing trends ranging from Lﬁg?n'3 in the Northern to 28.8g m?in the
Southern Italy and from about 15:6 mi®in the Western to 34.1lg m*in the Eastern Basin.

A larger summer period (from April to Septemberwtbich the above reported RhpNalues
are referred in respect to our summer referenciegéirom 18" of July to 3¢ of August)
could explain the slightly lower values of litereguOtherwise, the above reported ZMean
values agree rather well with our results moreavign regard to the site location. In fact, in
terms of mean concentration, PMrend observed at our sampling stations (SB > UBB}
was in line with PMy values measured across the MB that are usuallgri@w the high
mountain areas and higher at island and coasts itlue to the sea spray contributith).
Pertaining Q levels the results obtained during the samplingpagns are summarized in
Table 4.2 which reports daily s0maximum, mean and standard deviation values beside
maximum 1 h mean and maximum daily 8-hour means Hiter parameter, over 15 days at
UB and 31 days at RB site, exceeded the ozone tknng-objective for the protection of
human health (i.e., a daily maximum 8-hour avereggcentrations higher than 12§ m~)
whereas hourly mean values were at both statioesless than the information threshdtd.
These @ concentrations during summer, were quite highan tthose recorded, at the same
site locations during wintertimé, thus corroborating the tropospheric seasonal cpéle
background @ In fact, over the Mediterranean region and intlsexn Europe, @levels are
usually dominated by the presence of a broad sgsimgmer peaf’>33***%due to the
superposition of the hemispheric-scale spring marim(Apri-May) and the increased
photochemical production ofQhat characterises the lower troposphere durimgnser>’
Similar O; behaviours were pointed out by (38) for two measwent sites located in the
southern ltalian Alps and Pre-Alps (Alpe Motta, @88 and Passo S. Marco, 1900 m), where
a winter minimum (from 26 to 32 ppbv) was followbyg a spring peak (46—49 ppbv) and
subsequent summer peak (47-55 ppbv). Measuremerftarped at Mt. Cimone (northern
ltalian Apennines; 2165 m), during the period 1988343 have also revealed the presence
of a seasonal £cycle (yearly mean value: 54 ppbv) with two peakspring (average 59
ppbv) and in summer (average 63 ppbv). Thesealues agree notably with those observed
at our sampling stations considering that troposph®; concentrations increase with
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altitude?® This phenomenon, owing to the influence og @ncentrations of air mass

transport from the stratosphere and to the higkieffcy of Q dry deposition and removal at
the surfacé! could also partially explain the difference in peolevels observed at our
sampling stations (RB > UB). The relative vicindythe UB to the motorway leads otherwise
to lower measured ozone concentrations, most likgylained due to titration by N8, in
respect to those observed at the RB site. The tsesabitained during our sampling
measurements, whose an overview has been abovenfgdswere further investigated and
discussed in the following sections, in respecsgecific events that produced a noticeable
influence on PMp and Q levels.

55



Chapter 4

# Suburbon Ste

2)

- BE dailyl im it Walue:

il

# Urban Site

Gy

L5 4
LU
B
L ¢
Eng-g5
Enyg
Brry-,
Brry-g
Enyg
[T
B
B2
Fpeg
[l
neE
oV T4
(D14
ne-iE
[ M l'd
nrGz
2
nr€z
nrez
nez
nC-e
nL6t
nrat

@ FE 80 & 85 <

[ wb 1o'wyd

b)

WD

Limid Vale

EC daiy

-
Gy
gz
EUr
-
B gz
ez
Enpggz
-z
B g
By (g
Ey-g
By At
Byt
Py g
Py
B 4T

Brp-gr
By gr
B gy
LR S
By g
Byg

B 1
By
Ery -5

Bty e
Bnyg

Bz

Bty g

it
nr=E
ne=g2
ne-gz
nr=12
neoae
np=Gz
1
€L
PL=cé
L=k
-
et
-1

mmzmﬂﬁmﬁﬁmtxznﬂ

LB 1w

c)

- B daily Limit Vs

&

T T T
[ = =
= - &

LuG] "wd
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O3
[ppb]
Max Mean S.D. Max Max
24 h 24 h 24h 1h 8h
SB - - - - -
UB 57.5 43.8 6.8 82.3 71.2
RB 63.6 50.9 6.2 82.9 80.4

Table 4.2: Descriptive statistics for ozone levels.

4.3.2 Saharan Dust Outbreak influence on PM 1o and O levels

Saharan storms export more mineral dust than dmr @trea of the world, injecting into the
atmosphere amount of desert particles as 130-76% Tgto about 1 600 Tg Jr**whose a
non negligible part is transported by synoptic wliation across the Mediterranean Basin. At
ground level, dust outbreaks are well known for diust load magnitude they generate and
their implication to current and future Europeanidsndirectives on air qualit}® The
presence of mineral dust in the atmosphere mayibate to climatic variations and influence
the behaviour of some tropospheric trace gasesigoi@ the oxidizing capacity of the
atmospheré? In particular, those mineral aerosol particlesjolvtare characterised by very
large surface area, can strongly absorb the sheetsalar radiation, influencing the radiative
forcing of climate’® or causing a photolysis rate reduction, thus itinip ozone production.
Mineral dust injected in the troposphere can atsdiréctly influence the tropospheric;O
concentrations. In fact, aerosols can either irsea decrease the actinic flux (depending on
scattering and absorption properties at UV wavdle)gaffecting the photochemical ozone
change$® In addition, through surface processes, minenalsaé may influence tropospheric
O; formation by affecting @precursors and the tropospheric oxidation capACity
particular, HNQ and NQ depletion on dust particulate can remove a fractdnOs;
precursors (i.e., NOx) favouring a reduction of foiecbemical Q@ production efficiency®
Owing to these meaningful implications and in ortteassess the impact strength of Saharan
Dust Outbreaks on our ground-based air samplingsareenents a thorough investigation on
their dynamic evolution has been carried out.

The intrusion of SDO during the sampling campaigheur monitoring stations occurred for
a period of three consecutive days. Periods ofyé @aom 229 to 25" of July), 5 (from 2%
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to 26" of August) and 2 days (from 930 30" of August) have been recorded. For each of
these SDO event (which will be referred to & 2 and & event) the back-trajectory

analysis allowed to locate over the Saharan ddéisertnost probable loading regions which
are highlighted as black circles in the Hysplitddhsnaps (Figure 4.3, left panels). These
maps show the loading areas for both three SDOteVecated above 30° N and specifically
at the border line between Marocco and NortherreAdg in North-Western of Lybia and in
Northern Algeria in respect to th& 2" and & period of the identified SDOs. These specific
cases were analysed in relation to the NCEP baBédribar level geopotential height and
temperature (this latter not presented), in ordendentify the main circulation patterns
driving SDOs through the Mediterranean until theaBda region. The °1 episode, was
particularly governed by a trough extending over @reat Britain and a high pressure system
present in North Africa above 35 °N (Figure 4.38lis configuration, characterized by a
warm kernel in North-Western Sahara with a tongueraling north-eastward towards Sicily,
caused strong south-westerly flows from the Sabaneards Sourthern Italy (Figure 4.3b).
The synoptic situation characterizing instead tHeSDO event was a well defined low over
the Iberian peninsula descending through the Wegt&ica, and a high pressure that moved
from the Northern Lybia with a ridge extending fr@outhern Italy to South-Eastern Europe
(Figure 4c). The air masses resulting from thesepressure systems (Figure 4.3d), travelled
along S - N stream flows. During th& DO event, indentified at the end of August 2007,
dust transport was driven otherwise by a persistmg-cyclonic circulation over the
Mediterranean Basin (Figure 4.3e). This synoptiedition was favourable for the clockwise
motion of the air masses that moved through Turesid Algeria prior to ending at our
sampling stations in Calabria region (Figure 4.&pncerning PNp concentrations, the
strength impact of these characterised SDO evehtsyed some differences between the
ground-based air measurements performed at the gampling sites. The'1SDO episode
was the single one that caused at each of the asiggsilar raising in Pl levels reaching
peak values between the"24nd 2% of July. A common pattern in Pilevels can be
observed also during thé®2and & SDO episodes even though the following g eak
values, reached at both SB and UB site, did noeaqmal at RB (see Figure 4.2). Regarding
the 29 SDO, a rainfall checked along the trajectory fakal by the air masses prior to ending
at RB (at 00:00 of the #30of August) was the most likely reason causing difeerence
between PN levels at SB and UB and those measured at theTR8 related outcome was
just a slight increase in PiMmass-levels (15.Ag m®) at RB station in contrast to the huge
raises that reached peak values of 134.0 and |99.8i° at SB and UB site, respectively.

During 3% SDO episode some differences occurred in the assnpading with Saharan dust.
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Figure 4.3: Saharan dust outbreaks occurred over the southtain. IOn the left panels-days
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As assumed in (22), air masses are loaded withr&ahdust through entrainment in the

mixed layer, requiring that the trajectory apprazcihe mixed layer within 500 m of the
layer top or enters the mixed layer. Regarding sampling stations, during thé?3SDO
period the entrainment condition, with trajectontezing the mixing layer, was met along
both trajectories ending at SB and UB sites (sepirBi 4.4a-b). Conversely, according to
Figure 4.4c, the entrainment of the trajectory rgdit RB, that followed a slightly different
pathway (see Figure 4.3c), did not occur and thditgy with Saharan dust did not take place.
Thereby, it could be confidently held th&f and 3 SDO did not affect RB measurements. In
order to assess the influence of the above desc@2D episodes over both Rivand Q
levels a graph reporting both their time series masle. Figure 4.5 (left panels) shows at both
the sampling stations a decrease mnl&vels in conjunction with a huge increase in M
values for each identified SDO event (highlighteithvgray bars). Similar trends were also
detected in RH [%] and T [°C] values, whose timeeseare even reported in Figure 4.5 (right
panels). A selection of the days with and witholtCsinfluence has been then performed
obtaining an explorative statistical analysis sumsea in Table 4.3. The identified SDO
days, in terms of percentage variatiax®%{) over days without SDO influence, showed an
average increase in Rylconcentrations of 135.5% at the SB, 167.4% atuBe 103.6% at
the RB site and an opposite trend isl€Yels with an average decrease of 17.7% and 18t9%
the UB and the RB site, respectively. These outcoamgee quite well with previously both
laboratory and modelling studf@s®**as well as observations focused directly on this
issue’®*****> pM,, and Q levels recorded in others existing monitoring ietat over
Calabria area, besides ours, were furthermore egeduring the same sampling period, two
stations, both defined as rural, one located ad®ana (N39°46'44” E16°09'28”, 606 m asl)
and the other one at Firmo (N39°43'22” E16°10’15370 m asl), 68 km and 61 km NNE
respectively far from our site in Rende (UB), penfied ground-based air measurements

available at the BRACE databadatp://www.brace.sinanet.apat.it/web/struttura.htnilhe

reported values in Figure 4.6 show a clear inceasd’My in conjunction with @ levels
decreasing during the same SDO events detectarifasampling stations. These occurrence
corroborate that Saharan dust transport is a lagde phenomena that could modify

significantly both PMp and Q concentrations.
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Figure 4.6: Time series of PM and Q levels recorded at: a) Firmo and b) Saracena rigiss.
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SB

UB

RB
Firmo
Saracena

SB

UB

RB
Firmo
Saracenad

SB
uB
RB

SB
uB

RB

During SDO
min Max mean
29.0 134.0 69.8
42.9 99.3 66.9
29.6 86.4 55.1
28.6 57.6 41.8
14.1 334 25.4
During SDO
min Max mean
23.0 51.5 36.9
37.9 54.4 44.4
33.4 51.3 42.0
38.7 55.2 46.(
During SDO
min Max mean
26.0 31.3 28.5
29.0 33.8 30.8
19.8 22.9 21.6
During SDO
min Max mean
325 72.9 51.9
20.7 44.6 32.9
32.4 40.2 36.1

PM;,
[ng m]

Without SDO
min Max
11.8 64.6
1.1 45.6
8.6 86.4
6.3 35.5

1.5 21.6
O3
[Ppb]

Without SDO
min Max
37.0 57.5
35.1 63.6
37.5 58.3

37.9 62.7
T
[°C]

Without SDO
min Max
23.0 26.4
21.9 30.7
11.9 23.0

RH
[%0]

Without SDO
min Max
36.5 70.2
30.9 59.8
38.4 77.1

mear
29.6
25.0
27.G
16.7
9.p

mear
44 9
51.5
45.4
978

mea

24.
25.
16.

mea

60.
47.
S7.

A%

135.59
167.4%
103.6%
151.1%

170.1

A%

-17.7%
-13.9%
-7.5%
-5.9%]

A%
14.9%

19.0%
28.9%

A%

-13.9%
-30.3%
-36.8%

Table 4.3: Comparison of PM, O;, T and RH explorative statistic values recordedruy
days with and without SDO. Percent variatiat¥4) between mean values calculated over
days with and without SDO is also reported.
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4.3.3 Biomass Burning events

In the troposphere, among the major sources of gih@yic pollutants and climate altering
species, an important role is played by Biomassnibgr (BB) events®®’ Elevated
concentrations of trace gases (i.es, GO) and aerosol particles have been observed in

d 56,58,59,60,61,62,63,614|-he dominant

connection with BB events in various regions of tierl
fraction of BB emissions is released as carbon @ith and CO being responsible for about
90-95% of the total carbon emitt&tMost of the remaining carbon is composed of,@Hd
other volatile organic carbon compounds while |#en 5% of the carbon is emitted as
particulate matte?> Previous studies have shown that the atmospheripounds directly
emitted by BB or produced by photochemical procesgéhin BB plumes can be transported
over long distances, thus affecting both air quadihd climate on the regional and global
scales® In Europe, the Mediterranean Basin is affectedange wildfire events, especially
during summer. As an example, during the extrenyeadld hot summer of 2003, the large
forest fires in Spain, Portugal, Greece and Itsignificantly influenced trace gas composition
and aerosol properties both in the boundary lagdrthe free troposphef&® In Italy, from

the F' of January to ¥ of September 2007, as presented in the annuatatcof the State
Forestal Body, Calabria region reported the largesxided area (as well as 9 608 ha) affected
by BB with a total number of 1 614 fires. Duringraampling period and specifically for
Cosenza province a high number of fires was resbridy the MODIS Rapid Response

System [ittp://rapidfire.sci.gsfc.nasa.gdvivhich provides for specific locations the daily

frequency of biomass burning (see Figure 4.7). @iagh reported in Figure 4.7 highlights
that the frequency of the daily total fire hot-spatver Cosenza province shows a striking
similarity with PMyo time series observed at our sampling sites. Ahlyugpportionment of
the number of fire hot-spots affecting singularlgiclke of our station has been further
performed taking into account only those fallingain area extending less than 5 km from
each sampling location. The outcomes, reportedtssid Figure 4.7, showed that the highest
frequency of the daily fire hot-spots occurred amjcinction with PMp peak values recorded
at each sampling site. Thus it was likely to supptheit a fraction of the high Riywalues
showed in this study could originate also from ael® production related to biomass burning
effluents emitted by the identified fires in Cosanm@ovince. Biomass Burning occurrence in
Calabria region was furthermore confirmed by thevéllaResearch Laboratory Aerosol

Analysis and Prediction System-NAAPSitto://www.nrinmry.navy.-mil/aerosoffj which

provides for simulations of emission and transgdrémoke plumes in the atmosphere. The
NAAPS-based maps (not shown) referring to the spetyod showed a plume characterized
by an aerosol optical depth of 0.1-0.2 suggestngel smoke emissions from Calabria region
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during 23° — 28" July and 2% — 30" August. The effective influence of Biomass Bumnin

over measurements performed at SB site was comtdzbiby CO levels that reached two
peak values, both of about 180 ppb, on th® @July and 2% of August. Values of 45 ppb
in CO concentrations were instead recorded durag dvith a lower frequency in fire hot-
spots. At UB and RB sites, for which CO measuresjamtfortunately, were not available, a
throughout investigation in the daily prevalencdamial winds was carried out. In this way it
was possible to check if the local circulation fakex air masses, prior to ending at UB and
SB site, to pass over the identified fire hot-spaith a likely entrainment of Biomass
Burning products.
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Figure 4.7: Daily total hot-spots fire (HSF) over Cosenza Pré (Calabria Region), from
the MODIS Rapid Response System-Web Fire Mapiter/(maps.geog.umd.efdiDots

represent the number of hot-spots fire singulaffgeting each sampling site.
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4.3.4 Air mass back-trajectory analysis

In order to evaluate the contribution of differemt mass origins and paths on RMnd Q

levels recorded at the three sampling stationsxduthie study period, back-trajectory analysis

was carried out. Sampling days were classifiedxméferent clusters:

1. WMED - Western MEDiterranean basin: air mass@gmating and/or passing over West
Mediterranean,;

2. NATL - Nord ATLantic: air masses having 5-daygo over the Nord Altantic at altitudes
above 3 000 m a.s.l. and descending lower befaehieg the measurement sites;

3. CEU - Continental EUrope: air masses passing the highly industrialized and densely
populated area (Central - Eastern Europe);

4. SDO - Saharan Dust Outbreak: air masses showibg loaded with Saharan dust over
Nord Africa prior to arriving at the sampling sites

5. BB - Biomass Burning: air masses travellingthe lower troposphere over the areas
where, as observed by MODIS, widespread foresbamsh fires occurred;

6. SDO&BB - Saharan Dust Outbreaks and Biomas®iBgr air masses being affected by
both this events.

The occurrence frequencies of the above describbedass classes at our sampling sites were

reported in Figure 4.8 (right panels). The weightio mass influences was quite similar at

SB and UB sites with 45% and 48% of each samplamgpaign that was respectively affected

by natural events. In particular, BB and SDO&BBstérs prevailed over the influence of

SDO that accounted only for 5% and 2%. Overall,NWE L class showed the largest weight

whereas the CEU the lowest one. Influence of nhtevants, at RB site, have shown to

account poorly with a total occurrence frequenc9%f (2% for SDO and 7% for SDO&BB).

The NATL cluster prevailed also at this samplingation, followed by WMED and CEU.

Within the obtained clusters, for each sampling@ta basic statistics for PMand Q levels

as well as for T [°C] and RH [%] values were furtloalculated. The respective average

values were thus reported in Figure 4.8 (left paniel order to better evaluate for which air

mass circulation PM and Q were more enhanced during the sampling periodjeimeral,

significant differences were observed for the défe air mass classes. Particularly, it can be

noted that the polluted industrial and densely fetpd continental Europe (CEU) represented

the major sources ofgZoncentrations during the study period. When asses arrived from

these regions, the mean [@vel was the highest at both UB and RB sites widan value of

47.9 and 54.3 ppb, respectively. As reported by EEduring summer 2007, Qarget value

for human health protection was exceeded in a feignit part of Europe with the most

significant ozone episode occurring from thé"1d 21" of July. During this period, in EU
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area, 45% of the total number of exceedances ofitf@mation threshold, 39% of

exceedances of the alert threshold and 12% of femg- objective exceedances were
observed.”” Thus, the continental Europe can be considerednasmportant source for
tropospheric @ during fair weather, when meteorological condisioare favourable for
photochemical production and build-up of. Grom the 18 to 2" of July, a CEU influence
was properly detected at our sampling stations.r@vwe whole sampling campaign, the
hourly maximum values of 82.2 ppb at UB and 82.B ppRB were just recorded on®24f
July. Conversely, @concentrations of 43.7 ppb for UB and 46.3 ppbR& were recorded
when air masses arrived from Western Mediterrameasn (WMED), an area characterized
by lower anthropogenic contributions. Lower valugmn those recorded within CEU
occurrence, were also recorded over the NATL imfagewith values of 43.0 ppb at UB and
52.9 ppb at RB site. The higher values recorde@BEasite over NATL influence was most
likely explained by the air mass pathway. In fasten though both trajectories had origin
over Nord Atlantic, those arriving at RB often csed through Italian peninsula and Po valley
whereas the other one followed a pathway over tleditdrranean sea prior to arrive at SB.
As expected, lowest {xoncentrations were recorded in conjunction willOSevents when
the air masses come from North Africa. Due to #lative lack of pollution sources and to
the action of mineral dust on tropospherig®®North Africa is in fact not considered a source
of tropospheric @for Europe’™’? It is relevant to note that during the alone BBuence
(occurred only at UB), ©levels reached an average value (46.4 ppb) glose do those
measured over CEU circulation class. Thereforepagerved at SB site, even if the highest O
concentrations were related with polluted air madsavelling over continental Europe, the
contribution of biomass fires on troposphericc ©oncentrations was not negligible.
Otherwise, in concurrence of BB with SDO, the nolieyed by BB events on the enhancement
of Os levels was not evident at both SB and RB sitess Thuld be most likely explained by
the huge presence of mineral dust that could haveafly hindered @ production. In fact,
the average PM concentrations over SDO&BB influence at UB wasudlibree times higher
than that calculated during BB occurrence and 1231-times higher than those obtained
under the alone SDO influence at UB and RB sitspeaetively. Overall, at each sampling
stations, even at SB site, SDO&BB contribution #d concentrations broadly prevailed.
Analogously to @levels, the lowest PM values at SB and UB sites were observed when air
masses coming from Nord Atlantic (NTAL) and at Riglar the WMED influence.
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4.3.5 PM 9 Exceedences evaluation

Since contributions from natural sources can bessssl but can not be controlled, the new
Directive 2008/50/E€ gives the possibility of skipping exceedances tuaatural sources
with regard to the amount of their contribution.eféfore, where natural contributions to
pollutants in ambient air can be determined witfigent certainty and the exceedances are
due prevalently to these natural contributions,séhenay be subtracted when assessing
compliance with air quality limit values. In southeEurope, natural episodes with the
greatest impact on the RMlevels are represented by the intrusions of Afrieir masses
frequently with high dust load§.”*">In order to determine quantitatively the daily i&ém
dust contribution to PM mass-levels during Saharan Dust Outbreaks ataupling sites,
the methodology presented by (26), based on stalistata treatment of time series of RM
levels, was used. It was thus possible to quantigéy African dust contribution without the
need for PM speciation. The results are presemtdéigure 4.9 (left panels) in which the
absolute values of dust contribution were repoasdlack bars. The net dust contribution
was quite large with a weight that accounted faB82303.3% at SB, 32.9 - 72.1% at UB and
38.9- 77.0% at RB within the days affected by Saharamspart. Skipping the obtained net
dust load from the measured BMevels, a notably reduction in the number of daily
excedancees can be observed, getting down fronB&t&B, from 10 to 2 at UB and from 2
to 1 at RB site. In Figure 4.9 (right panels), éach monitoring site, numbers of exceedances,
as absolute and percentage values, were reportecgmd without Saharan Dust contribution.
Since days with exceedance were all classified B® and SDO&BB, those remaining
without Saharan contribution could be attributedstbkely to BB influence, whose

contribution to PM, daily limit exceedances seems not to be negligible
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4.4 Conclusions

During summer 2007, at three background monitostiagjon located in Calabria region, high
levels of trace gases {Gand CO) were recorded, as well as significantatiams in the
aerosol concentrations (Rl The observations presented in this study shotlatl such
variations were probably related to air masses rgnfiiom continental Europe connected
with event of mineral dust transport from North i8& and Biomass Burning products. Since
Calabria region is located in the southern Mediteean basin, the observations carried out
here can provide useful information for better ustind the role played by different
transport processes in modifying the tropospheaxzkground conditions. Five-days backward
trajectories were useful to determine air massmrghowing that continental Europe was the
major pollution source areas fo,Qvhereas the north African desert regions werentbst
important source areas for RiMand low Q concentrations. During dust events, in fact, at SB
UB and RB sites the mean concentration levels fdioRvere respectively 69.8, 66.9 and
55.1 ug mi° with respect to 29.6, 25.0 and 276 m° PMy values averaged over days
without Saharan dust intrusions. Preliminary resoh the possible impact of dust transport
over G values observed in Southern Italian at an urbararal areas showed that during the
greater number of the dust events, significanti€creasing have occurred in Calabria region
with a percent values of 18% and 14% at UB and R srespectively. Moreover, even if
further analysis will be carried out to better exaé the specific amount okb©oncentrations
directly due to wildfire emissions, our observai@uggested that in presence of favourable
weather conditions, the contribution of biomas®diron tropospheric Oconcentrations
cannot be neglected during specific periods of sartime. Since in the future, the strength
and frequency of such phenomena as well as Salkaistrand wildfire emissions could be
affected by climate chandé,the investigation of their impact on background i® the
southern Europe and Mediterranean area still appesscessary. Recently there is
considerable interest in quantifying the backgrou?ll,, and Q concentrations, their
variability and trends, also with the purpose ofleating the effectiveness of measures
adopted to reduce anthropogenic photochemigadr@duction and PM emissions to support
policy makers in defining an effective air qualityanagement. Otherwise, when assessing
compliance with EU legislation, a statistical baseethodology, as that adopted for our BM
data sets, is useful to assess the amount of Sadast contribution. In our case study this
application showed that more than half of f8Maily exceedances could be confidently
attributed to Saharan dust. Since contributionsfr@atural sources can be thus assessed but
not be controlled, dealing with air quality manageim scope, their contribution can be
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removed. Anyway, their impact as reported in sdvepademiological studies, raise concerns

about adverse health effects and appropriate iat¢ions by health authorities. Therefore, a

thorough knowledge of such events, such as Saltarsinand wildfire emissions, over the

southern Mediterranean basin, could be of intexesh to their correct parameterization into

air quality models that could thus support an adegjhealth alert system. Results presented

in this work could be considered as an explorasbugly that needs further improvements. In

particular, chemical analysis of aerosol appeas @scessary step to identify unambiguously

the presence of mineral dust and biomass burniodugats at the measurements sites. Overall,

in the absence of a single, recognised standamkguwe, more studies will be conducted to

assess the correct impact of these two naturalcesuon PM, concentrations and their

influence over @ levels in the Mediterranean area with a specighm@ to the southern

regions.
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CHAPTER 5

Large Industrial Point Sources. a focuson
mer cury emissions and concentrations

uman health is intimately connected to the surroupénvironment but it is
usually very difficult to identify cause-and-effectlationships, however
linking environmental pollution to human healthgseto redefine priorities.
Soil contamination requiring clean up is presengjproximately 250,000
sites in the European Environment Agency-EEA mentoe@intries, the number is estimated
to grow by 50% by 2025. Several thousands of tlst®s are located in ltaly where 54
qualify for national remediation intervention (Mstérial Decrees n. 486, 2001 and n. 308,
2006) because of contamination documented in qiakit and/or quantitative terms and of
potential health impact. This section attemptsummmarise most recent estimates of mercury
emissions and concentrations from contaminateds site which industrial sites and

manufacturing processes can be ascribed.
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5.1 Contaminated Sites of National Interest (SIN) in Italy

The remediation of contaminated sites has beconlasinyears one of the most important
environmental emergencies in Italy as well as iroRa. In Italty there are currently about 50
sites (over an area of about 100.000 hectared).B3&6 of the overall surface of the national
country) whose remediation is considered to be afional interest based on their
environmental relevance. These sites are direalgdrby the Ministry of the Environment

under the National Programme for Site Remediatiamy n. 426/1998 and Ministerial Decree
468/2001. A public financial support of about 75@lions of Euro is already available,

mainly for preliminary actions such as site charasation and emergency containment of
contamination at these sites. Figure 5.1 showdatetion of the 54 contaminated Sites of
National Interest (SINs). Among the SINs, the maothropogenic pressure derives from
industrial plants, including chemicals productiomdasteel plants, refineries, landfills and

incinerators; other pressure derives from asbeasiased risk plants and mines.

Figure 5.1 Location of the National Interest Rehabilitation Stesin Italy.
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Valle D*Aosta
1. Emarese

Piemaonte

2. Pieve Vergonte

3. Balangero

4 Basse d1 Stura

5. Casale Monferrato
6. Serravalle Serivia

)

Liguria-Piemonte
7_Cengio e Saliceto

Liguria
8. Cogoleto - Stoppani
9. Pitells (La Spezia. Lerici, Arcola)

Lombardia

10. Sesto San Giovanni

11. Pioltello - Rodano

12. Milano - Bovisa

13. Cerro al Lambro

14. Bromi

15. Brescia Caffaro

16. Mantova- Laghi e Polo Chimico

Trentino-Alto Adige

17. Bolzano

18. Trento nord

Friuli Venezia-Giulia

19. Trieste

20. Laguna di Grado e Marano

Veneto

21. Porto Marghera

22 Mardimago - Ceregnano
(Rovigo)

Emilia-Romagna
23 Fidenza
24, Sassuolo - Scandiano

Marche
25. Falconara Marittima
26. Basso bacine del fiume Chienti

Toscana

27 Massa e Carrara

28. Livormo

29 Piombino

30. Grosseto

31. Orbetello - Area Ex Sitoco

Umbria

32 Term - Papigno

Lazio

33 Fiume Sacco (Prov. di Roma e

Frosinone)
34 Frosinone

Abruzzo
35. Funu Saline e Alento

Molise
36. Campobasso - Gugliones: IT

Campania

37 Litorale Domizio Flegreo ed
Agro Aversano

38. Napoli Bagnol - Coroglio

39 Napoli Orientale

40. Area litorale vesuviano

41. Sarno

Puglia

42 Manfredoma
43 Bar - Fibromit
44 Bnndisi

45 Taranto

Basilicata
46. Tito
47 Wal Basento

Calabria

48 Cassano - Crotone
Sicilia

49 Milazzo

50. Biancavilla

51. Augusta-Priolo Gargallo
32. Gela

Sardegna
53 Sulcis-Iglesiente-Guspinese
54 Porto Torres

Table 5.1 List of the National Interest Rehabilitation Stesin Italy.

Additionally to the 54 contaminated sites of natibmterest, it has been estimated that there
are about 15.000 contaminated sites of regionklaal relevance to be remediated or at least
monitored, with an estimated cost of about 25-3liohs € in the next 15 years. The state of
the art of the national sites in ltaly is that aosy diffuse contamination occurs in the
homogeneous (from the hydrogeological point of yi@anura Padana (Padana Plain) in the
North of Italy. In this large area are concentrasederal national and local sites mainly
contaminated by chlorinated solvents and heavy Imelia particular, most of the sites are
located in the Lombardia Region and especiallyhim Province of Milano and Brescia. A
special consideration should be made about theedarijational contaminated site, Porto
Marghera, Venice (which is indicated as number BA1Figure 5.1), that is strongly
contaminated by a large spectrum of chemicals wignevalence of chlorinated solvents and
heavy metals. At the national level it should ateoconsidered a number of coastal sites,
mainly in the south of the country, deriving frotmetpresence of refineries and induced
petrochemical industries. By this regard, the maticsites of Manfrendonia, Brindisi and

Taranto in Puglia Region, and Gela and Priolo-Agust Sicily have to be considered. All
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these sites are strongly contaminated by hydrocarkath a frequent occurrence of separated

phases, often combined with chlorinated solvent® drea surrounding Taranto, in particular,
is affected by a large industrial facility includimne of the largest European steel factories. A
particular relevance holds the impact on the emvitent of large mining activities mainly
located in large areas in Sardinia and some spdwstany and Calabria Regions, with a
strong contamination of soils and aquifers by heanetals. Regarding each SIN, available
data on pollutants in different environmental ncsi were collected: the most investigated
components were soil, groundwater and sediments fifgt receptor of site contamination in
Italy is considered the groundwater beneath the iself because the contaminants usually
migrate downward to the groundwater. The particltialian geographical situation (dense
areas, direct uses of groundwater, connection wiéep groundwater and/or surface
resources) implies a large use of emergency caneihactions. Data on surface water, biota
and air were also collected but they are scantg. ithportant to highlight the lack of data on
foods, especially animal products, fish and vedetlwhich are a key element in assessing
the potential population exposure through dietisltalso relevant to point out that the
environmental characterization of contaminatedssiteay represent an important tool to
understand the health impact of environmental giolluon populations residing in the

investigated areas.

5.2 Mercury asaHazardous Air Pollutant

Mercury (Hg) is a hazardous air pollutant and boo@culative neurotoxin. It is a naturally

occurring element in the earth’s crust releasedth® atmosphere through natural and
anthropogenic activities. The form of Hg in the asphere is predominantly inorganic and
non-bioaccumulative (Schroeder and Munthe, 1998)ydver, once Hg is deposited in the
terrestrial or aquatic ecosystem it can be condette the more toxic organic form,

methylmercury, which bioaccumulates in marine anekslwater environments and can
ultimately threaten human and environmental he@throeder and Munthe, 1998). Elevated
levels of Hg have been observed in several wilddiiecies, including the common loon
(Evers et al., 2007) whose exposure to Hg has tezbuh reduced reproductive success
(Burgess, 2005). A primary concern for humans ésahility for Hg to bioaccumulate within

the aquatic food chain, as ingestion of contamahditgh can lead to neurological damage
including impaired cognitive thinking, memory loss)d reduced fine motor skills. Those at
greatest risk for these effects are the developatgs, infants, young children, women of
childbearing age, and anyone who consumes largeisshof commercial seafood or relies

on self-caught fish as a major source of sustenalitdorms of mercury are more or less
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toxic to humans, because it is widely distributedhie body and many systems are affected.

The toxic effects of mercury, reported in Table,5/ary according to form: elemental,
inorganic or organic; dose: high dose acute poiggiversus low dose chronic effects;
timing: prenatal, infancy, childhood or adult. Ihildren, the central nervous system is the
most vulnerable. The International Agency for Redeaon Cancer (IARC) has classified
methyl-mercury as being group 2B: the agent (m&}tus possibly carcinogenic to humans.
Quantification of atmospheric Hg emission, trangpchnemistry, and deposition is therefore

vital to understanding the impact of mercury patinton the society and the environment.

Toxic Effects of Mercury

* Neurotoxicity;

*  Nephrotoxicity;

* Teratogenicity: MeHg is a teratogen (Minamata as&3;
* CVS: elevated risk of heart attack, hypertension;

» Carcinogenicity: MeHg is a possible human carcamg
* Mutagenesis: Hg seems not to be mutagen;

* Reprodution: no clear evidence of effect;

* Immunotoxicity: under scientific discussion.

WHO, 2008

Table 5.2 Toxic effects of Mercury as reported by the World Health Organisation
(WHO, 2008).

5.3 Mercury in the Atmosphere
5.3.1 Speciation and Chemistry

Mercury exists in three main forms in the atmospheraseous elemental Hg (Bigfine
particle bound Hg (HY, and divalent reactive gaseous Hg (RGM). Hgpd RGM are
commonly referred to collectively as f¥gor H¢f*. Hg” comprises more than 90% of Hg in
ambient air (Slemret al., 1985, Lin and Pehkon®99). It has low solubility in water and is
relatively stable in the environment, allowing @ be transported long distances in the
atmosphere (Schroeder and Munthe, 1998; Lin anédpeim, 1999). Deposited Hg can also
be re-emitted to the atmosphere ag Hge to its high volatility, further contributing the
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global atmospheric Hg pool (Schroeder and MuntB88). RGM, on the other hand, is much

more reactive than HgLin and Pehkonen, 1999). Consequently RGM hasuehnshorter
atmospheric lifetime than Hagnd deposits readily through wet and dry depositimt only
close to emission sources but also followind dgidation in the atmosphere (Schroeder and
Munthe, 1998; Lin and Pehkonen, 1999).PHg released directly from emission sources
(Keeler et al., 1995) but may also form when gaasphHg binds to particles (Pirrone et al.,
2000; Forlano et al., 2000). Similar to RGM,MHgalso readily removed through wet and dry
deposition (Lin and Pehkonen, 1999). As a resuthefvarying behaviour of these species,
Hg can be considered a local, regional, and glgmdlutant. Distinguishing the relative
contributions from of local, regional, and globalsces on Hg deposition in a given region is
critical to effectively regulating mercury emissgoto the atmosphere. Additionally, there are
a range of gas phase, aqueous phase, and hetavagepactions that Hg can undergo in the
atmosphere following emission. Pigan be oxidized to Hf in the gas and aqueous phases
by hydroxyl radicals, ozone, and reactive halogemmounds (Munthe, 1992; Lin and
Pehkonen, 1997; Hynes et al., 2009). The oxidizg dan subsequently be removed from
the atmosphere through wet and dry deposition étial., 2006). Hymay also be removed
through dry deposition (Schroeder and Munthe, 1288gt al., 2006). Reduction of Higcan
also occur in the aqueous phase by sulfite, halepgegcies, and hydroperoxyl radicals (Lin
and Pehkonen, 1999; Hynes et al., 2009; Munthe l.et1891), as well as through
photochemical reactions and heterogeneous readtioa®ud droplets (Lin and Pehkonen,
1997; Seigneur et al., 1994). The relative impartaaf these reactions will vary seasonally
and geographically based on the availability ofd@ing and reducing species. Halogen
reactions, on the other hand, are typically impdrta Arctic environments (Lindberg et al.,
2002) and the marine boundary layer (Hedgecock Rimbne, 2001; Lin et al., 2006);
however, industrial halogen sources (Carpi, 199t)jcalso contribute to Hgpxidation. The
variable behaviour of emitted Hg species and thericonversions that Hg undergoes in the
atmosphere following emission add great completotyunderstanding the spatial scale of

source impacts and makes regulating Hg emissionigylarly challenging.
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5.3.2 Global Emissions Sources

Mercury is released to the atmosphere from a waonétatural and anthropogenic sources
(Pirrone et al., 1996; Pacyna et al., 2001; Pirrenal., 2003).. Their estimates are highly
uncertain, and the relative contribution from natuand anthropogenic sources will vary
geographically and temporally. Natural emissionsuothrough geologic processes, including
volcanoes and geothermal activity, as well as thindniomass burning, marine emissions, and
evasion from terrestrial and aquatic surfaces @Urid989; Gustin et al., 2008). Given that
Hg can be rapidly recycled back to the atmosphellewing deposition (Lindberg et al.,
2007), it is estimated that a substantial portibrihe emissions from terrestrial or aquatic
surfaces represent the re-emission of previouslyosieed natural or anthropogenic Hg
(Schroeder and Munthe, 1998; Gustin et al., 2008dkerg et al., 2007). Anthropogenic
emissions include point sources such as combugtidity and industrial boilers, hazardous
waste combustors, and crematories) and manufagtuiehlor-alkali, cement, batteries,
byproduct coke, and refineries), and area sourgels as agricultural burning, landfills, and
mobile sources (Pirrone et al., 2010). While emissifrom natural sources are predominantly
Hg®, anthropogenic emissions contain varying amouhtdg3, RGM, and H§ (Carpi, 1997;
Landis et al., 2004; Seigneur et al., 2006; Coheal.£2007). Variability in the speciation of
emissions by source type consequently influencesdlative amounts of emitted Hg that can
be rapidly removed following emission or insteadra@sported downwind.

On global scale natural sources, which includectir@ribution from oceans and other surface
waters, rocks, top soils and vegetation, volcammesother geothermal activities and biomass
burning are estimated to release annually about B2§ of mercury, part of which represent
previously deposited anthropogenic and natural omgrirom the atmosphere to ecosystem-
receptors due to historic releases and part isva centribution from natural reservoirs.
Natural sources contribute to the global budge6Y% with oceans releasing most of the
mercury (35%) followed by biomass burning (fore$ @nd agriculture 2%), deserts and
metalliferous zones (7%), tundra and grassland ,(G&sgst (4%), evasion after mercury
depletion events (3%) and volcanoes (1%) (Pirrdra. £1996; Pirrone et al., 2001, Pirrone et
al., 2008). Current anthropogenic sources, whidtuae a large number of industrial point
sources are estimated to release about 2905 Mgeofunry on annual basis (updated from
Pirrone et al., 2008). The major contribution nfrfossil fuels fired power plants (1443 Mg
yl 18%), artisanal small scale gold mining (400 Mg, %), non-ferrous metals
manufacturing (310 Mg}, 2%), cement production (226 Mg'y2%) waste disposal (166
Mg y*, 2%) and caustic soda and chlorine production (¥88y*, 2%). Summing up the

contribution from natural and anthropogenic soumearly 8112 Mg of mercury is released
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annually to the global atmosphere. Despite importaaps have been filled in the recent

assessment (Pirrone et al., 2008) (i.e. mercurg®aomn from coal bed fires and from biomass
burning) some concern exists when considering sssa#® of mercury release from

contaminated sites like abandoned mines or healyted industrial sites.

5.4 Mercury Emissions from Large I ndustrial Point Sourcesin Italy

Emissions from large industrial point sources awerently regulated by the Directive
2008/1/EC of the European Parliament and of then€ibwoncerning Integrated Pollution
Prevention and Control (IPPC). It replaces the @oubDirective 96/61/EC on the same
subject matter. The European register EPER (Eurogeallutant Emission Register),
established within the Directive 96/61/EC and impéaited by the Decision 2000/479/EC,
represents the first step at a European level asvartruly integrated pollutant emissions
register, an experience which is going to imprawghier with the forthcoming introduction of
the E-PRTR (European Pollutant Release and TrarRRégjister). Operating since 2003,
EPER collects the information provided by 9377 |iaes spread over EU15 countries plus
Norway and Hungary. Concerning Italy, in accordamith European EPER, a national
pollutant emission register has been establishalliedc INES (Inventario Nazionale delle
Emissioni e delle loro Sorgenti). INES has beenratpey since 2003 (first reporting year,
2002) and the last available updating refers to6200ercury and its compounds is included
in the Annex IIl of The Directive 2008/1/EC withthe list of the main polluting substances
to be taken into account if they are relevant fi@mf emission limit values. In air, the
emission threshold value for mercury has been fixgdhe European Decision 479/2000 to
10 kg yi*. The INES register has then been browsed andeglieri the following web-page:

http://www.eper.sinanet.apatiit order to check the atmospheric mercury emissfoom all

IPPC activities located in Italy. Results are shownFigure 5.3 in which atmospheric

emissions of mercury are classified according t8GRcode activity (see Table 5.2 for an
explanation). In order to accounting for the enuissicoming from contaminated sites (as
defined by the Law n. 426/1998) the IPPC activiiseentified to be located over SIN areas
have been referred as the code numbering repantédgure 5.1. Comparing the absolute
contribution from each single facilities, it is dent that the highest value of mercury
emissions in air, ranging from 1062 to 1385 K{,yrefers to the facility number 45 (ILVA

S.p.a). This is one of the largest pig iron aneldi&cility in Europe that is located in the city
of Taranto and whose involved area has been defised National Interest Rehabilitation

Site. The second one contribution, in terms of Rlleanercury emission values, comes from
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the facility with SIN code equal to 51 (SYNDIAL S% - ex EniChem S.p.A.). located at
Augusta-Priolo city, Sicily.
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2002

2003

11 Combustion installations with a rated thermal input exceeding 50 MW
1 Energy Industry
12 Mineral oil and gas refineries
2.1  iMetal ore (including sulphide ore) roasting or sintering installations
2 Production and processing Installations for the production of pig iron or steel (primary or secondary
of metals 2.2 ifusion) including continuous casting, with a capacity exceeding 2,5 fonnes|
per_hour
Installations for the production of cement clinker in rotary kilns with qf
roduction capacity exceeding 500 tonnes per day or lime in rotary kilns|
3 Mineral industry 3.1 p. P . Y . 9 . P Y . Y
with a production capacity exceeding 50 tonnes per day or in other
furnaces with a production capacity exceeding 50 tonnes per day.
4.1  iChemical installations for the production of basic organic chemicals
4 Chemical industry
4.2 iChemical installations for the production of basic inorganic chemicals
Installations for the incineration of municipal waste (household waste and
5 Waste management 5.2 isimilar commercial, industrial and institutional wastes) with a capacityj
exceeding 3 tonnes per hour.
Table 5.3 IPPC activity definition.
3000
B11 O12 @22 031 O41 O42 W52
2500 -
2000 -
5
2
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Figure 5.3 Mercury emissions referring to |PPC activitiesasa whole, 2002-2006.
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Figure 5.4 Percentage variation (4%) between 2006 and 2005 mercury emissions
referring to each single IPPC facilities.

5.5 Mercury Emission Control: Current Policies and Effect of Existing Technologies

Under section 129 of the Clean Air Act Amendmenite U.S. EPA specifically targeted
emission reduction from solid waste combustorsyiptesly one of the largest anthropogenic
sources of atmospheric Hg (U.S. EPA, 1997). Regins placed on stack emissions from
municipal and medical waste incinerators lead 8% %eductions in total Hg emissions from
these sources (Cohen et al., 2007). Declines issoms occurred due to controls placed on
stacks as well as bans on the use of Hg in manu&tproducts, such as batteries and paint,
which reduced the amount of Hg in waste (U.S. EFAAEse reductions occurred across the
U.S., with some of the largest declines observetthénNortheast States where Hg emissions
declined from 15.9 tpy to 4.7 tpy between 1998 @002 (Butler et al., 2008). However,
emissions from coal-fired utility boilers and othrajor anthropogenic sources in the United
States have remained fairly constant (Cohen et28D7; Butler et al., 2008). In 2005 the
Clean Air Mercury Rule (CAMR) was proposed, sugmesta cap-and-trade approach to
regulating Hg emissions from coal-fired power plart€AMR was developed based on the
framework of the Clean Air Interstate Rule (CAIR)ich was also issued in 2005 to regulate
emissions of SPand NQ under similar regulatory techniques. The intenbbifCAMR was

to ultimately reduce Hg emissions by 70%. The wies overturned in 2008 in favor of using
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maximum available control technologies (MACT) tduee Hg emissions, as proposed in the
1990 Clean Air Act Amendments (U.S. EPA). To dafAEhas yet to promulgate its final
ruling as to how MACT will be implemented.

The installation of the Best Available Technologi@ATs) in industrial plants plays a
fundamental role in the emission control as madtrielogies can reduce mercury emissions
up to 95% (USEPA, 1997, 2002a,b; Wang et al., 20R@moval efficiency depends from
adopted technology and production process (Talle Bossil fuels-fired power plants are the
largest point sources of mercury released to thesgphere, though other emission sources
(e.g. artisanal gold mining) provide an importaoniibution to the global atmospheric
budget (Pirrone et al., 2009). World coal consuoptn 2006 was 6118 Tg, representing the
primary fuel used in electrical power generatioailites (42%) and accounts for about the
27% of world’s energy consumption (EIA, 2009). Adtlgh it is very difficult to generalize
the mercury concentration in coal, the literaturdicates that the mercury content in coal
varies between 0.01 and 1.5 g per Mg (Toole-O’Ne¢ibl., 1999; Mukherjee et al., 2008;
Pirrone et al., 2009) (Table 5.5). The concentrattb mercury is somewhat lower in lignite
coals than in bituminous and sub-bituminous codlswever, the lower heating values of
lignite coals relative to bituminous and subbituaug coals suggest that the amount of lignite
burned perMWof energy produced is higher comparedther coal types (Tewalt and
Finkelman, 2001).

Technology Coal Cement  Waste Soda Battery
ESP 32 25

FF 42 50 75
FGD 34 (18-97) -

SDA+ESP 67 (23-83) -
SDA+FF 30 (6-97) -

AC 50-95

GSC 90
ME 90
AAC 90

ESP=Electrostatic precipitators; FF=Fabric Filter; FGe Gas
Desulfurization; SDA=Spry Drier Absorber; AC=Activated afon;
GSC=Gas Stream Cooling; ME=Mist Eliminators; AAC=Adsdopt on
Activated Carbon

Table 5.4 Median mercury removal efficiency (%) for some technologies
and different categories (from (USEPA, 1997, 2002a,b; Wang et al., 2010)).
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Control Effect on Effect on Effect on
Technology Oxidized Hg Elemental Hg Particulate Hg
ESP Little if any Little if any Efficient
removal
Adsorption on fly ash Adsorption on fly
ash -
I Decrease due to Efficient
Fabric Filter oxidation in some Decrease due to removal
oxidation in some
cases
cases
Little if any removal
Increase due to
Flue Gas - reduction of
Desulfurization Efficient removal adsorbed oxidized No effect
mercury in some
cases
Increase due to Decrease due to Increase in
SCR . o
oxidation oxidation some cases
SNCR No effect No effect No effect

Table 5.5 Effect of existing control technologies on atmospheric Hg species.

94



Chapter 5

5.6 Mercury Measurements
5.6.1 Experimental

Measurements of atmospheric mercury species warducted across both the Tyrrhenian
and the Adriatic sea aboard the R. V. Urania oflthkgan CNR, during three oceanographic
campaigns of which two were performed along theesabute during two seasons, autumn
(26 October to 15 November) 2004 and summer (18 Jorb July) 2005 whereas the third
one took place during autumn (12 September to bliecj 2007. The campaigns aimed to
assess how mercury species concentrations andudisin in MBL change with vicinity to
industrial contaminated sites. The cruise pathshef Med-Oceanor campaigns to date are
shown in Figure 5.5. The 2004 and 2005 cruise pétbkd and dotted white lines) were
identical in the Adriatic, but the 2005 cruise stdrfrom Napoli and finished at Messina.
Collection and analysis of HgHd' and Hg was performed using an automated Tekran
(Toronto, Canada) Model 2537A CVAFS, Tekran Mod&BQ speciation unit, and Tekran
Model 1135 H§ system (Landis et al., 2002). The integrated mgrsystem was mounted on
the top deck of the R. V. Urania with the inletatout 10m above the sea surface’ Hg
samples (5 min) were continuously quantified by 2687A analyser. The technique is based
on amalgamation on two Au traps within the analyserking alternately, and mercury
detection by CVAFS. The integrated Tekran speamatigstem was configured to collect 2 h
Hg' and HJ samples on a quartz KCl-coated annular denudemaadz filter assembly,
respectively. Particles larger than arh are removed from the air stream by a cyclonerkefo
entering the denuder, and smaller particles passigh without deposition on the reactive
inner surface under the proper flow rate conditi¢h@ | mirn). After the 2 h sampling
period, a one hour analysis procedure begins Ishiihig the 1130 and 1135 systems with
mercury free air. The Hgand Hd () collected on the quartz filter and annular denuder,
respectively, were thermally decomposed (at 80050 °C respectively) into the mercury
free air stream and detected as’HBuring the campaign denuders were re-coated and
replaced weekly. The Tekran 2537A analysers welibrated on a daily basis using the
internal permeation tubes. The permeation tubeah @f the Tekran 2537A instruments was
calibrated just prior to the study as describedandis et al. (2002) using a Tekran model
2505 primary calibration unit. The detection limiir Hg' ) and HG under the operating
conditions used was less than 2 pgm
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5.6.2 Mercury concentrations near contaminated sites
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Figure5.5 TheR. V. Urania cruise paths during the 2004, 2005 and 2007
Mediterranean oceanographic campaigns.
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Figure5.6 TGM, RGM

and Hg(p) measurements recorded during: a) 2004; b) 2005 and
) 2007 URANIA Cruise Campaign.
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5.6.3 Comparison of Resultsto Previous Studies
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Figure 5.7 TGM comparison between values published in D. Gibicar et al., 2009 and
those presented in thiswork. Data refer to winter and summer sampling periods.
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Figure 5.8 Spatial distribution of RGM (left panels) and Hg(p) (right panels)
concentrations observed during: a) 2004-2007 and b)2005-2007 cruise campaigns
performed onboard the CNR Research Vessel URANIA along the reported tracks.
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5.7 Conclusions

Additional research is required to reduce uncetyaim emissions estimates from
contaminated sites. The uncertainty is mostly eelab the limited measurement of fluxes
from ancient mercury mines (e.g. only in Italy #here more than 15 ancient mines), from
heavy polluted industrial sites (e.g. chlor-alkaid cement plants) and from coal-bed fires. A
coordinated geo-referenced database will certamjpyrove the estimates. These uncertainties
affect emission estimates, model and policy devalm, and human welfare. Atmospheric
mercury models developed in recent years for asgps$ise relationship between emission
source regions and receptor regions show a limammiracy. The ability to determine the
accuracy of current models is severely limited bg tack of a unified global emission
inventory that accounts for a better emission saei@racterisation. Delineation of mercury
"hot spots" and knowledge of ecological processes lead to their formation can reduce
uncertainty and can help mitigation and outreadiorisf of reducing health costs. This
improved knowledge of the sources, transport atel daenvironmental mercury would lead
to realistic risk assessments, efficient mitigatefforts, and effective outreach to minimize

adverse impacts on coastal ecosystems and humarkapops.
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CHAPTERG6

Air pollution over the M editerranean Basin:
observations through six cruise campaignson
board the CNR Research Vessel URANIA

he Mediterranean basin, due to its semi-enclosatigrtration, is one of the
areas heavily affected by air pollutants. Despitglications on both human
health and radiative budget involve an increasintgrest, monitoring
database measuring air pollution over these areayeir relatively scarce.
Owing to this context, concentrations of fine (Pyand coarse (Ppk-19 particles along with
ozone and meteorological parameters were measuneahgdsix oceanographic cruise
campaigns covering the whole Mediterranean BadamEntal composition of both PMand
PM,s.10 were also determined in order to identify spectfiacers for different classes of
particles that can be found in the Mediterraneamoaphere. A comparison analysis between
the data sets recorded during either cruise campai@gs further performed in order to point
out the correlation structure among the pollutatd their relationship with meteorological
parameters. According to aerosol optical properded chemical composition, European
continental influence, Saharan dust storms, wigdévents and Maritime transport have been
identified during either cruise campaigns as ttalileg cause of the aerosol-ozone variation.
Shipping emissions, representing both local hab@md maritime traffic across the basin,
were also tested using the marker ratio of V/Ngveing a quite large contribution to the total
aerosol load. Peak values observed for coarseidmnattave shown to be driven by the
occurrence of African dust events. Conditions fairgy high ozone levels have been also
highlighted by analysis of weather maps and baajedtories. Spatial variability resulted in

larger fine particle concentrations and higher ezdgvels over the eastern Mediterranean
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compared respect to the western sector, mainly tdu¢he background contribution of

anthropogenic compounds.

6.1 Introduction

Air pollutants in the marine environment compriseoaplex and variable mixture of natural
and anthropogenic sources. In addition, data froomitaring stations as well as results of
measurement campaigns show that aerosol and ozmerdrations in the Mediterranean
Basin appear to be relatively high (Querol, et &klieveld et al., (2002)). Available
nowadays PM and ©Omeasurements suggest that the whole Mediterramegion is
characterised not only by “hot-spot” episodes ihamr areas, but also by high background
concentrations. Results from a 3-D chemistry trartspnodel also suggest that ozone
concentrations over the Mediterranean Sea are higja® those observed for the rest of
Europe (e.g. Johnson et al., 2001). One of majestipns in the scientific community is to
what extend the background PM angd €ncentrations are related to sources within the
Mediterranean basin and how much it results frong lcange transport emitted outside the
basin. The ozone behaviour and distribution inNfegliterranean region is closely related to
the unique geographical characteristics and speaidiather conditions. During the summer
period, the Mediterranean area is directly under tlescending branch of the Hadley
circulation, caused by deep convection in the t®p{Lelieveld, 2009). The region
incorporates the world’s largest inland sea, whschurrounded by relatively high mountain
ridges on almost every side; its climate is in gahevarm and dry (Bolle, 2003). The
Mediterranean summers, connected with high pressituations leading to subsidence,
stability, clear sky and high solar radiation irgiéyn enhance photochemical processes and
emissions of biogenic volatile organic compoundsh® atmosphere (Millan et al., 2002).
However, based on observational and modelling ddsa, long range transport of European
air toward the Mediterranean Basin has been claitodi a main cause of elevated aerosol
and ozone concentrations in the Mediterranean @egeveld et al., 2002). Otherwise the
atmosphere in the Mediterranean Marine Boundaryet#yIBL) appears to be one of the
most polluted in the world (Kouvarakis et al., 2D@@dth a significant contribution of dense
ship traffic and highly industrialized populatioantres surrounding the basin itself (Marmer
and Lang-mann, 2005). A large influence is also tdueatural sources like Saharan dust and
biomass burning (Pace et al., 2005; Sprovieri ainei®, 2008; Pirrone et al., 2010). The
transport of mineral dust and anthropogenic aesosom land into the marine environment

is of considerable interest, not at least for ieptial impact on ocean ecosystems, world
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climate and air quality. Fertilisation of ocean &ratby dust increasing Fe/N and P/N ratios,

for example, is known to favour phytoplankton grbvand thus influence marine cycles.
Furthermore, physical effects of major outbreaks defsert aerosols into the oceanic
environment include changes to outgoing long-waadiation and visibility reduction in
many low latitude regions of the world (Haywoodaét 2005). In addition to these different
Impacts, anthropogenic emission in busy shippimgdaand large port cities are important
sources of pollution plumes containing a wide ran§garticulate and gaseous pollutants
(Healy et al., 2009). Ship emissions and their icbp@n environment became a “hot” issue
in the past decade for atmospheric research arbbittion and climate policy. In 2008, the
International Maritime Organization (IMO) unanimbusadopted amendments to the
MARPOL Annex VI regulations to reduce gNOy and particulate emissions from ships
(IMO, 2008). The revised Annex VI entered into ®rm July 2010 and the emission
reduction measures will be phased in over the Wiollg decade. In support of the policy,
research studies are required to investigate hawirtiplementation of these regulation,
combined with the predicted future growth of shipfftc and geographical expansion of
waterways and ports are going to affect the atmespltomposition. However, whereas
there is already a large monitoring database measair pollution at surface land-based
sites and in ports, there is a relatively littldormation on atmospheric aerosol directly
measured on the sea. RMmass concentrations have been monitored by nétieme
international air pollution monitoring networks favo decades (see e.g. EMEP and AirBase
data bancks), whereas Rymeasurements are still being started up at maeg, ditecause
the new European Directive 2008/50/EC establistueget values for Pisconcentration and
exposure to be met by 2010. In a recent work pAysiod chemical aerosol characteristics
observed over a network of more than 60 sites adeasope were presented and discussed
(Putaud et al., 2010). However, only a few of thstsgions are located close to the sea and
they do not cover the whole area. To fill the olsagon gaps in the Mediterranean basin and
to gain more insight into the atmospheric mechasikading to high surface aerosols levels,
the Institute of Atmospheric Pollution Researchha& National Research Council (CNR-IIA)
has started regular cruise measurement campaigtiseirMediterranean Sea since 2000
(Sprovieri et al. 2003; Hedgecock et al., 2003;08ari et al., 2008; 2010). In this work a
focus on the aerosols and ozone observations im Wastern and Eastern Mediterranean
basin has been performed. The main purpose ofwhig, in particular, is to present the
datasets collected during six cruise campaigns f&0683 to 2009 on board the CNR
Research Vessel URANIA and to characterize theipasources and conditions leading to
high aerosols and ozone levels. Variation in twae giange of inhalable particulate matter
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(PM25.10 PM, 5) over the eastern and western sector of the Meaitean basin has also been

investigated linking their spatial variability towce-receptor relationship.

6.2 Experimental Section

Ozone and aerosol levels measurements were pedatoreng six cruise campaigns onboard
the Research VesseR\{) URANIA of the CNR from & to 27" August 2003, from 27
October to 1% November 2004, from 17to 29 June 2005, from™sto 20 July 2006, from
13" September to ™ October 2007 and from™to 33" June 2009. Specific tracks are
reported in Figure 5.1. Measurement equipments \ineeel on front of the ship to avoid
contamination from the ship exhaust itself; @easurements were performed by an
automatic Teledyne UV absorption ozone analyserd@1d00E). The ozone analysers were
calibrated every 24 h by routine automated addstioh known concentrations of gaseous
ozone supplied by an internal permeation sourceapling flow rate of 0.8 L mihwas
used to measure the ozone concentration every 50mity 24-h ambient Pls.10 and PM s
samples were otherwise collected using a Manualefseh Dichotomous Sampler (Model
241) on 37gmm Teflon filters, over a 24-hour samplperiod at a flow rate of 1.67 L niin
and about 15 L mihrespectively, for a total operational flow ratel®7 L min'. The filters
were conditioned and pre-weighed using @g lsensitivity microbalance (Gibertini
Microcristal Model) in the laboratories of the CNRstitute of Atmospheric Pollution
Research before and after the sampling perioddesasPMs.ipand PM s concentrations by
standard gravimetric procedures. A total of 11@ famd coarse particulate samples were then
collected across the Mediterranean basin the peddr tracks. Once the gravimetric
determination was completed the filters were degestith 5 mL of a 10% HN@solution
and subsequently analyzed for their elemental caitipn using an Inductively Coupled
Plasma Mass Spectrometer (ICP-MS, Agilent Technesygnodel 7500 CE). Concentrations
of Al, As, Cd, Cr, Co, Cu, Mn, Ni, Pb, Sb, Tl, V medetermined in all samples.
Meteorological data were also provided from an @uaiic meteorological station on tRY,
therefore, among others, information concerningpbsition, speed and direction of tR¥
were available also for identifying situations @htamination due to the emissions from the
ship itself. In order to characterize the dailpaspheric scenarios influencing the particulate
and ozone levels, a number of complementary toele wsed to investigate different source
regions of air masses reaching the study area.eTimetuded NCEP meteorological maps
(Kalnay et al., 1996) and daily back-trajectoriakcalated by HYSPLIT4 model (Draxler and
Rolph, 2003; see detailed methodology in Escudesd. £2005). The occurrence of African

dust outbreaks was also detected using the sartsedogpled to information obtained from
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the NAAPS aerosol maps from the Marine Meteorol@jyision of the Naval research

Laboratory, USA (NRL) littp://www.nrimry.navy.mil/aerosal)The sulphate concentration

maps provided by NAAPs modédit{p://www.nrimry.navy.mil/aerosdlivere instead used to

identify events of transboundary transport of palhis from the European continent.
Otherwise, for fire events identification the MODIStrue-colour images

(http://rapidfire.sci.gsfc.nasa.gywnd the NAAPs based smoke concentration maps were

addition used to identify the origins and the esten of fire plumes.

6.3 Results and discussions
6.3.1 Overview of the data recorded

The variation of PN, concentrations as sum of fine (P§ and coarse (Phk.19 particle
concentrations recorded during the six cruise cagnpgaat both off-shore and coastal sites
are displayed in Figure 5.1. Rpconcentrations ranged very wide from 8.7 to 5fg6m‘3
with a mean value of 27,83 m > across the whole Mediterranean basin. Away fromoma;
port cities, as the Figure 5.1 shows, the highengMass levels were recorded at the
extremity of the basin where dust intrusions fromrdN Africa (NAF) and smoke plumes
from biomass burning in sub-Saharan Africa and Kiteave been identified as the main
sources of contribution. PM/PM;i, ratio and daily @ mean referring to each cruise
campaigns have been overlaid to the time seriefinef and coarse particle levels and
reported in Figure 5.2 a) and b), respectively.tifis graph shows, ratio between P)and
PM;p mass concentrations ranged between 0.2 and 0.8adlydD; levels from 21 to 74 ppm.

A closer examination reveals that during the 20Qd4se campaign, PM/PMo ratios raise
the peak values and slightly increase with;PMvels at many sites indicating that pollution
periods are predominantly due to increase irp Plass concentration at these locations. The
highest fine concentrations was observed alongstduise 2004 track and particularly during
the passage through the Messina Stréitstrong anti-correlation, during this time period,
between fine particles and ozone levels was foaetxpected, because the high fine levels
in this area are likely caused by maritime transgource that also emit NO that destroy
ozone by a fast “titration” reaction (Velchev et, &010). Overall, PMsPM ratios slightly

to sharply decrease with increasing 8Nevels. Significant contributions to higher PM
concentrations of coarse mineral dust suspended thhe ground or transported from African
deserts could explain this observation. The higheatse concentrations have been observed
when the “regional anticyclone” is embedded in aopfic scale high pressure system
extending south-northward towards the Mediterrartean favouring Saharan dust intrusion.
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Significant correlation for Pl and PMo mass concentrations was otherwise observed

(R’= 0.8, n=105) indicating that P\ and PMomain source strengths co-vary and/or that
both concentrations are driven by a common phenomepollution dispersion due to
meteorological condition. Descriptive statistics em, Maximum and minimum) for
meteorological parameters referring to each cregégepaigns are summarized and compared
in Figure 5.3. As it can see, wind speed, relabiuenidity and air pressure showed a large
range of values within each single cruise campdigh the relative mean values were
substantially comparable each others. Wind speethmalues ranged from 6 théreferring

to 2003 cruise campaign) to about 8 (@006 cruise campaign). Both air pressure and
relative humidity mean value changed poorly varyfirmgn 1009 to 1013 hPa and from 75 to
78%, respectively. Only in comparing temperaturd atmospheric radiation (not shown)
mean values significant differences were observed Towest temperature mean value
(~18°C) was recorded during the 2004 track sintediuise campaign was performed during
autumn (27 October - 12 November). The highest temperature mean value°GR3®as
otherwise observed along the 2005 track perfornmedgummer period (17— 29 June)
followed by those recorded during 2003" 6 27" August), 2006 (8 — 20" July) and 2009
(4™ — 30" June) cruise campaigns. As expected and as eviitlenmparing Figure 5.3a) and
b) a strong correlation was found between ozonennieeels and both temperature and
atmospheric radiation mean values. Any relevantuaemices of local meteorological
parameters over fine and coarse particle levelg wbserved. As it will described in the next
section, sources strength and synoptic atmosphenditions were the main drivers of fine

and coarse variation across the Mediterranean battiar than local whether.
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Chapter 6

6.3.2 Aerosol-Ozone variation within Western and Eastern Mediterranean sectors

For a more detailed evaluation of the data setrdecbthe investigated Mediterranean area
was separated in two regions, the Western Meditean (WM), (6W to 15E) and the
Eastern Mediterranean (EM) (16E to 36E). Data o fand coarse particle concentrations
and the computed Maximumz@aily 8-hour mean were then separated as they tefthe
Western or Eastern Mediterranean sector and thpestesl in Figure 5.4 a) and b). As it can
see the 2010EU target value for annual,EMean concentration (3%g m>) was exceeded
four time (8.3%) in the Eastern sector and two t{&%) in the Western one. Considering
the two sectors of the Mediterranean Sea region (#id EM) and as reported in Figure
5.5a) a finemean value was found to be significantly largerEill side (16.4pg m>)
compared to that observed in the WM (12g4mi ). In contrast, higher coarse average value
was observed in the Western (143 m3) and lower in the Eastern sector (1Bg3m‘3). In
terms of mean percentage contribution of fine cotre¢ions to the total particle levels the
values of 56% and 47% in EM and WM sectors, wasdaespectively (see Figure 5.5a) and
b)). Otherwise, considering the whole Mediterraneggion, fine and coarse concentrations
showed comparable values with an average value4a® fig m* and 13.6ug m?
respectively and with a slightly higher percentagatribution of 51% of fine fraction over
the coarse one (see Figure 5.5c), bottom panef.résulting average Plconcentrations
(as sum of fine and coarse fractions) showed therefomparable values along the whole
Mediterranean basin with a larger contribution ofef fraction in the Western sector
compared to the Eastern side where the backgrowndrilsution of anthropogenic
compounds prevails. Pertaining @alues (see Figure 5.4Db)), the relative Healthe$hold
value, established by the new Directive 2008/5045Ghe Maximum @daily 8-hour mean:
120 ug m® (~60 ppb), was exceeded 20 days (35%) in the Easfediterranean sector
reporting a mean value of 51.3 ppb. In the Westeta the number of days with exceedences
of the ozone long-term objective for the protectafnhuman health were found to be 29,

equal to the 60% over the total observations dmee this sector.
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Figure 5.5 For a)Western; b) Eastern and c) the whole Mediterranean area, fine and coarse frequency
distribution and relative contribution are reported in the left and right panels, respectively.
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Chapter 6

6.3.3 Observations along each single cruise campaign

In order to examine the data recorded at sea ire metail, each single cruise campaign will
be considered in the next sections focussing orcardrations of different aerosol size
fractions (fine and coarse) and on ozone levelss&ldata were integrated with variations in
the major PM transition (heavy) metal®ng with their distribution within finer and ccar

aerosols during the journey. Spatial and tempoaaiations of the recorded data will be
furthermore reported highlighting the events tharevidentified as the main influencing

factors.

6.3.3.1 Urania Cruise Campaign 2003

During the 2003 cruise campaign the URANIA Resedfebsel followed firstly a track along
south-eastern Mediterranean sea from Sicily to &rgliand, passed through the Strait of
Messina and then, after a brief stop at Napoli tarp continued in the Western
Mediterranean sector until the Strait of Gibralad returned back ending the journey at the
Livorno harbour (Figure 5.6). The whole cruise ilvedl 20 days at sea fronf"&o 27"
August during which the temperature was quite {g130 °C) and the high-pressure system
(anti-cyclone) prevailed. These hot and dry pesgistveather conditions, well-known as the
2003 “heat-wave”, have trigged numerous wildfireshanced the pollution accumulation in
the boundary layer and caused a lot of prematua¢thdeWildfire emissions particularly, as
confirmed by the NAAPs-based smoke maps (showednasxample in Figure 5.8, upper
panel) , have had a large impact over the wholeifdeednean area favouring enhanced
photochemical @ production and aerosol accumulation. As it waseeigd, Q levels were
therefore very huge reaching peak values equald® gpb and exceeding the European
health standard for £X8-h average < 60 ppbv) almost in all samplingsdésee Figure 5.7).
Stagnant meteorological condition along with wildfi plumes influenced aerosol
concentrations in the way that the finer fractiewdls prevailed, with an average value equal
to 57%, over the coarser one almost always. Interésting to point out, as it can see in
Figure 5.7 , that in the period from 2210 24" August after the increasing of the coarse
concentrations beyond the fine ones the correspgndzone levels consistently decreased
and, as exception over the entire cruise, theealth standard was respected. This occurrence
has been identified to be influenced by a Sahamst dtorm whose outbreak has been
confirmed by HYSPLIT-based backward trajectoriesnfing from Nord-Africa) and by
TOMS-based Aerosol Index maps (with Al>1.5) (seguFe 5.8 bottom panel).
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Figure 6.6 Spatial distribution of a) fine and b) coarse particle concentrations observed
during the 2003 cruise campaign performed onboard the CNR Research Vessel URANIA
along the reported track.
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Figure 6.7 Time series of fine and coarse particle concentrations and ozone levels
recorded during the 2003 cruise campaign.
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Figure 5.8 Hysplit and NAAPS-based maps showing: back-trajectories and ship position in the left
panels, sulphate concentrations or optical depth in central panels and smoke or dust concentrations
for a) 15™; b) 21% and c) 23" August 2003, respectively.
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6.3.3.2 Urania Cruise Campaign 2004
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Figure 6.9 Spatial distribution of a) fine and b) coarse particle concentrations observed
during the 2004 cruise campaign performed onboard the CNR Research Vessel URANIA
along the reported track.
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Figure 6.10 Time series of fine and coarse particle concentrations and ozone levels
recorded during the 2004 cruise campaign.
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Figure 6.11 Time series of Al, Cr, Cu, Mn, Ni, Pb, Sb and V concentrations associated to the aerosol

particles during the 2004 cruise campaign. Distribution between fine and coarse size fraction is also
reported.
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Figure 6.12 Hysplit and NAAPS-based maps showing: back-trajectories and ship position in the left
panels, smoke or sulphate concentrationsin central panels and dust concentrations for a) 30"
October; b) 4™ and c) 9" November 2004, respectively.
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6.3.3.3 Urania Cruise Campaign 2005
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Figure 6.13 Spatial distribution of a) fine and b) coarse particle concentrations observed
during the 2005 cruise campaign performed onboard the CNR Research Vessel URANIA
along the reported track.
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6.3.3.4 Urania Cruise Campaign 2006
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Figure 6.16 Spatial distribution of a) fine and b) coarse particle concentrations observed
during the 2006 cruise campaign performed onboard the CNR Research Vessel URANIA
along the reported track.
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Figure 6.17 Time series of fine and coar se particle concentrations and ozone levels
recorded during the 2006 cruise campaign.
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Figure 6.18 Time series of Al, Cr, Cu, Mn, Ni, Pb, Sb and V concentrations associated to
the aerosol particles during the 2005 cruise campaign. Distribution between fine and
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c) 19" July 2006, respectively.
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6.3.3.5 Urania Cruise Campaign 2007
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Figure 6.20 Spatial distribution of a) fine and b) coarse particle concentrations observed

during the 2007 cruise campaign performed onboard the CNR Research Vessel URANIA
along the reported track.
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Figure 6.21 Time series of fine and coarse particle concentrations and ozone levels
recorded during the 2007 cruise campaign.
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Figure 6.23 Hysplit and NAAPS-based maps showing: back-trajectories and ship position in the left
panels, sulphate or dust concentrationsin central panels and smoke concentrations for a) 12" b) 17"
and c) 28" September 2007, respectively.
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6.3.3.6 Urania Cruise Campaign 2009

a

Figure 6.24 Spatial distribution of a) fine and b) coarse particle concentrations observed
during the 2009 cruise campaign performed onboard the CNR Research Vessel URANIA
along the reported track.
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CHAPTER 7

Role of Atmospheric Pollution on Har mful
Health Effects

aseous and particulate matter in ambient and indiodras a key role on the
increased morbidity or mortality observed in maninical studies.
Knowledge of the main toxicity patterns of atmogpheollutants is still at
an initial stage, especially as concerns partieutaatter. This is mainly due
to the varying size distributions and chemical cosifon of PMy and PM s and to the
many-sided toxicity mechanisms of ultrafine pagsc(UFPS). In this chapter, recent findings
on toxicity routes attributable to PM matter to WF&hd to gases, are reviewed. Toxicity
routes are discussed as evidence or hypothetitatioresships between sources, diffusion

paths, receptor sites and susceptible populations.

7.1 Introduction

Adverse health effects of atmospheric pollutanteeHzeen well documented in Europe and in
other parts of the world. These include many diseasd an estimated reduction of a year or
more in life expectancy for people living in Eurapecities. There is also evidence of
increased infant mortality in highly polluted are@oncerns about these health effects have
led to the implementation of regulations to redhaemful air pollutants emissions and their
precursors at international, national, regional dochl levels. Further measures — while
necessary to reduce the health effects of air fiotiu- are becoming increasingly expensive.
There is thus a growing need for accurate inforomatin the health effect of air pollution to
plan scientific, effective and well targeted stgis to reduce these effects. In July 2002 the
European Parliament and the Council adopted thesidec 1600/2002/EC on the Sixth
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Community Environment Action Programme (Sixth EAPhis Programme sets out the key

environmental objectives to be attained in the Raam Community, one of which (Article 2)
is to establish “....a high level of quality of lifaxd social well being for citizens by providing
an environment where the level of pollution does gige rise to harmful effects on human
health ...”(1). The activities of the European Consiua to implement the Sixth EAP
currently take place within the Clean Air for EueodCAFE) programme (2). This
programme, launched in early 2001, aims at devetpfpng-term, strategic and integrated
policy advice to protect against significant negateffects of air pollution on human health
and the environment. The World Health Organizat{§¥HO) in support to the CAFE
process, provided updated information on healtlectdf of air pollutants establishing the
project “Systematic Review of Health Aspects of Binality in Europe” (3) in the course of
which the current state of knowledge concerningltheanpacts of air pollution has been
reviewed. The body of evidence of air pollutioneets on health at the pollution levels
currently common in Europe has been considerabingthened by the contribution of both
epidemiological and toxicological studies. The datprovide new insights into possible
mechanisms to analyse the hazardous effects ofp@iutants on human health and
complement the large body of epidemiological evadgrshowing, for example, consistent
associations between daily variations in air palutand some health outcomes. Exposure to
ambient air pollution has been linked to a numiatifferent health outcomes, starting from
modest transient changes in the respiratory tract @npaired pulmonary function, to
restricted activity/reduced performance, emergennoyn visits and hospital admissions and
mortality. There is also increasing evidence ofgallution adverse effects not only on the
respiratory system, but also on the cardiovasayatem. This evidence stems from studies
on both acute and chronic exposure. Short-termeepmlogical studies suggested that a
number of sources are associated with health sffespecially motor vehicle emissions, and
also coal combustion. These sources produce priammyell as secondary particles, both of
which have been associated with adverse healtictefféf long-term exposure to a specific
pollutant is linked to some health effects, colsttdies provide a basis to estimate chronic
diseases and lifespan reduction in a given pomulaffhis is the case for mortality linked to
PM long-term exposure. An expert group led by WHte-Joint UNECE/WHO-ECEH Task
Force on Health Aspects of Long Range Trans-boyndar Pollution — recommended the
use of risk coefficients from the American Cancecisty (ACS) study (4) to estimate the
effects of chronic exposure to particulate matie) on life expectancy in Europe. This
study is the largest cohort study published in slkeentific literature on the association
between mortality and exposure to PM in air, argliheolved 550,000 persons between 1982
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and 1998. The risk estimated from this study wése ased in the WHO Global Burden of

Disease project (5). This project estimated thatosxre to fine PM in outdoor air leads to
about 100,000 deaths and 725,000 years of lifeclasih year in Europe. It is clear that there is
a significant health risk associated with PM. lialso evident that there is a yet not known
safe threshold for exposure but that there appedrs a linear relationship between exposure
and risk. In addition, it has not yet been posstolddentify with confidence which PM
chemical constituents are primarily responsible tfog different health effects. Therefore,
even though the evidence on the relationship betwesposure to different air pollutants and
health effects has increased considerably overptet few years, there are still large
uncertainties and important gaps in knowledge. @lggps can be reduced only by targeted
scientific research. Areas in which such reseashurigently needed include exposure
assessment, dosimetry, toxicity of different conmgrun, biological mechanisms of effects,
susceptible groups and individual susceptibilitgkitg into account gene—environment
interactions), effects of mixtures versus singlbssances, and effects of long-term exposure
to air pollution. The “Systematic Review” clearlgmonstrated the need to set up a more
comprehensive air pollution and health monitorimgl gurveillance programme in different
European cities. Air pollutants to be monitoredlude coarse PM, Pp4,PM,, ultrafine
particles, PM chemical composition, including elema¢ and organic carbon, and gases such
as ozone, nitrogen dioxide and sulphur dioxide. Vhakie of black smoke and ultrafine
particles as indicators of traffic-related air ptibn should also be evaluated. Furthermore,
periodic surveillance of health effects requirestdrestandardization of routinely collected
health outcome data. The “Systematic Review” alsm&d the need of a system to maintain
a literature database and develop meta-analysisrder to monitor research findings,

summarize the literature on health effects andthéalpact assessment.

7.2. Air Pollution and Health

Ambient air pollution consists of a highly variapmplex mixture of different substances,
which may occur in the gas, liquid or solid ph&everal hundred different components have
been found in the troposphere, many of them patiiytharmful to human health and the
environment. The main sources of air pollution &ensport, power generation, industry,
agriculture, and heating. All these sectors rel@agariety of air pollutants — sulphur dioxide,
nitrogen oxides, ammonia, volatile organic substan@nd particulate matter — many of
which interact with others to form new pollutantfiese are eventually deposited and have a
whole range of effects on human health, biodiversiuildings, crops and forests. Air
pollution results in several hundreds of thousaofdgremature deaths in Europe each year,
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increased hospital admissions, extra medicatioth tla@ loss of millions of working days. The

health costs for the European Union are huge. Theatpnts of highest concern for human
health are airborne particulates and ozone — indeeshfe levels have yet been identified for
either of them. Nevertheless, the “Systematic ReVfecused on three pollutants: particulate
matter (PM), ozone and nitrogen dioxide, as requeby the CAFE Steering Group. This is
not to imply that other substances do not posenaiderable threat to human health and the
environment at the current levels present in Eurtifghould also be mentioned that PM itself
is a complex mixture of solid and liquid constitteenincluding inorganic salts such as
nitrates, sulphates and ammonium and a large nuwoibearbonaceous species (elemental
carbon and organic carbon). Thus PM implicitly asvea number of different chemical
pollutants emitted by various sources. The termtipaate matter’ (PM) is used to describe
airborne solid particles and/or droplets. Thesdigdas may vary in size, composition and
origin. Several different indicators have been usecharacterize ambient PM. Classification
by size is quite common because size governs dinsgort and removal of particles from the
air and their deposition within the respiratorytsys, and is at least partly associated with the
chemical composition and sources of particles. 8asesize, urban PM tends to be divided
into three main groups: coarse, fine and ultrafiadicles. The border between the coarse and
fine particles usually lies betweenuin and 2.5um, but is usually fixed by convention at 2.5
um in aerodynamic diameter (BN) for measurement purposes. The border betweerafide
ultrafine particles lies at about Quin. PMyg is used to describe particles with an aerodynamic
diameter smaller than 10m. The particles contained in the R\ize fraction may reach the
upper part of the airways and lung. Figure 7.1 sh®ehematically where particles are
deposited in the respiratory tract, depending airthize. Smaller particles (in particular
PM.s) penetrate more deeply into the lung and may rdhehalveolar region. Ultrafine
particles contribute only slightly to PiMmass but may be important from a health point of
view because of their large numbers and high seri@®a. They are produced in large
numbers by combustion (especially internal combuagtengines. As reported in (3) the most
severe effects in terms of the overall health burdelude a significant reduction, by a year
or more, in average life expectancy linked to thegiterm exposure to high levels of air
pollution due to fine PM. Many studies have fouhdttfine particles (usually measured as
PM,s) have serious effects on health, such as increasedality rates and emergency
hospital admissions for cardiovascular and regpiyateasons. Thus there is good reason to
reduce exposure to such particles. Coarse parfigteslly defined as the difference between
PM;p and PMs) seem to have effects on, for example, hospitatisglons for respiratory
illnesses, but their effect on mortality is lessarl
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Figure 7.1 Deposition probability of inhaled particlesin the
respiratory tract according to particle size.

Similarly, ultrafine particles are different in cposition, and probably to some extent in
effect, from fine and coarse particles. Nevertreléiseir effect on human health have been
insufficiently studied to permit a quantitative &wtion of health risks due to exposure to
such particles. As stated above, PM in ambienhas various sources. In targeting control
measures, it would be important to know if PM frsome sources or of a specific
composition gave rise to special health concern tueheir high toxicity. The few
epidemiological studies that have addressed thoitant issue specifically suggest that
combustion sources are particularly important fealth. Toxicological studies have also
pointed to primary combustion derived particleshasing an higher toxic potential. These
particles are often rich in transition metals anglaoic compounds, and also have a relatively
high surface area. By contrast, several other simgilmponents of the PM mixture (e.qg.
ammonium salts, chlorides, sulphates, nitrates wimd-blown dust such as silicate clays)
have been shown to have a lower toxicity in lalmsaistudies. Despite these differences
found among the constituents studied in laboratibig, currently not possible to quantify the
contributions of the different sources and difféer&M components on the health effects

caused by exposure to ambient PM.
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7.2.1 Modelling approach on health impact

Health impact assessment allows to quantify thecedf of exposure to an environmental
hazard. It plays a central role in assessing thenpial health effects of different policies and
measures, thereby providing a basis for decisiokimga A detailed knowledge of several
factors is required for any such assessment. Grind@mation on exposure to air pollutants
is provided by an integrated approach on ambierguality monitoring and modelling study.
Air quality modelling, particularly the Integraté&ssessment Modelling (IAM), is important
in linking pollution levels to emission sources antkgrating population data, findings from
epidemiological studies, information about the fation and dispersion of fine particles in
the atmosphere, assessment of current and futets lef emissions of fine particles and their
precursors. In the frame of the UN-ECE ConventionLong-Range Trans-boundary Air
Pollution (CLRTAP), and in the context of the Conmmity Environmental policies of the EU
Commission, the RAINS-Europe model provides oneth@f most relevant examples of
successful application of Integrated Assessmentdifiod (IAM). The RAINS model (6),
developed at the International Institute for Apg@li8ystems Analysis (IIASA), considers
emissions of S@ NOy, PMy,, PM,5, VOC and NH, provides deposition and concentration
maps and addresses threats to human health podext particulates (7). The assessment of
fine particle health impacts is implemented throtigh Life Expectancy Reduction indicator
(LER), defined as months lost attributable to JZMoncentrations. Awaiting further
refinements in the scientific disciplines, the qutative implementation should be considered
as preliminary and needs to be revised as soonoas substantiated scientific information
becomes available. The Task Force on Health otitieed Nations Economic Commission,
when conducting the in-depth review of the RAIN®m@ach for modelling health impacts of
fine particles (TFH, 2003), noted: “some data ssgg® that different components
contributing to PMs mass might not be equally hazardous”. In particulae discussion
focused on the role of the secondary inorganicsadso(including nitrates and sulphates). It
concluded that, due to the absence of compellingatogical data about the active different
PM components of a complex mixture, it was not pdesto quantify the relative health
impact importance of the main PM components atgtage. Therefore, it was recommended
to relate health impacts to total mass of;RMhtil more specific evidence becomes available
(8). The methodology used in the RAINS model, atopgan and national scale, to estimate
losses in life expectancy due to air pollution es@nts an initial implementation assessing the
implications of present and future European padi¢@control exposure to particulate matter.
In Figure 7.2, an example of the changes in lifpeexancy loss in EU in 2000 and in the

interim objective in 2020 (9) is reported.
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2000 Strategy in 2020

Figure 7.2 Changesin EU life expectancy loss in 2000 and in the interim objective in 2020 (Strategy).

The impact assessment of different policies is thasethe analysis of a set of technological
measurements, within the RAINS model, relating &miaus emission reduction scenarios.
The ambition level of the Strategy is based ontaokspecific measurements which would
need to be undertaken at Community and Member &tadé In recent years, some European
countries such as, among others, Italy, have tdctie issue of implementing the RAINS

model at national level, introducing higher spatedolution in similar models, pursuing the
ultimate objective of a more adequate responsédaneed of evaluating, at national level,
cost-effective policy measures to reduce air pafititemissions, and consequently, the
pressure on environment and human health. As dt,réset RAINS-Italy model (10) as the

national version of the RAINS-Europe model was redi considering as emission source
areas either the nation as a whole or the 20 adtrative Regions. In a recent work (11), the
RAINS-Italy model was used to assess the emisstoluction strategies followed in the

Regional Air Quality Management Plans (AQMPs) toemenvironmental quality targets by

means of Technical and Non-Technical Measures. fdega health impacts, the most

important Italian metropolitan and industrial ared®w an average Life Expectancy loss
ranging between 12 to 23 months in the 2010-CLEBawe. This higher resolution map, yet
reported in Chapter 2 as Figure 2.3a), shows athe¢tfinition of the hot spots present in the
urban areas of Turin, Milan, Rome and Naples, a agein the industrial sites of eastern
Sicily and Taranto, in the Apulia region (12). Tabove mentioned study showed that if
compared to the 2010 CLE scenario, in the 2010 AQ@dénhario the improvement in the

average Life Expectancy loss indicator (Figure p.Bbof 1 month only in Lombardy (11).
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7.2.2 Indoor vs outdoor air pollution

As it is the case for other air pollutants, theataxposure of an individual to suspended
particulate matter (of whatever size) is the resoft contributions from the two
microenvironments, outdoor air and indoor air. Th@oor air compartment can be further
subdivided into homes, restaurants, car, busesagodhft, workplaces etc. Consequently, in
studies to detect and quantify the health effedtpanticles, attention must be paid that
exposure is characterised adequately. Generalhe thiee two different ways to obtain such
characterization. One is lgeasuring total air exposure using personal sampling: threqes
under study are provided each with a personal santpht they have to carry on them or
position as close to them as possible for 24 hoonsecutively. Since this is cumbersome for
a study participant, the following alternative dam used: total exposure msodelled taking
into account the time spent in the various micra@mments (indoors and outdoors) and the
concentrations observed in these microenvironmemstsonal sampling provides a
concentration level that represents the integratbnall the concentration levels in all
compartments visited by the studied person dutireg24-h (or longer) measurement period
and, thus, it cannot detect the individual contiidou of any compartment. In contrast, the
modelling process using the combination of the ytalit concentrations in the different
microenvironments and the time spent therein perrat assess the contribution of total
exposure to each of these microenvironments. Tinid &f source apportionment can be of
great help to decide what measurements shouldveegaiority in controlling pollutant
concentrations. A recent publication on exposur@® s describing the results of a model
approach (13) stated that the “indoor-residentiaroenvironment had the greatest influence
on total exposure to PM, compared to the other microenvironments constjenamely
outdoor and non-residential indoor (office, schebbre, restaurant, bar, in-vehicle). It turned
out that the outdoor compartment was responsibile firect contribution of about 5% on
average. Another 35% was due toiadirect contribution via infiltration of outdoor air into
indoor spaces. Thus, about 60% of the total exgosurPM s could not be influenced by
control measurements taken to reduce outdoor ajysiMels.

7.3 Inorganic Air Pollutants

7.3.1 Gaseous matter

Air pollution by inorganic gaseous matter was deatlh since the first major pollution events
(i.e. the Great Smog of London, 1952; etc.) putesitdence the strict relationship between

levels of chemical species in the ambient (and andair their harmful effects on health and

144



Chapter 7
ecosystems. Among inorganic gases, carbon mong&i@ is one of the most common air

pollutants. It has a low reactivity and a low wagetubility and it is mainly released into the
atmosphere as a product of incomplete combusti@nisGiot only directly released in the air,
but can also originate from the chemical reactioihsrganic air pollutants, such as methane.
Its latency in the atmosphere is about three mor8hge at moderate latitudes air masses
travel for months and since the CO formation fromgamic air pollutants takes place
everywhere in the atmosphere, a global backgroewel bf CO exists, ranging between 0.05
and 0.15 ppmv (0.06 and 0.17 mg®m(14). It is estimated that about one-third of CO,
including that derived from hydrocarbon oxidationiginates from natural sources. CO levels
in busy city streets are higher than those preseat highways, since the amount of CO
emissions per kilometre strongly decreases withclelspeed and also because ventilation in
city streets is less. Ambient CO levels are usuhbighest in winter, because cold engines
release much more CO than hot engines and alsaudeethe atmosphere tends to be more
stable than in summer. It has to be reminded, hewelat usually CO ambient levels do not
exceed neither WHO guidelines for health protectionthe limits of the EU directives on air
quality. Although CO is hardly removed from the mratmospheric transport at continental
level, long range transport does not lead to camagons of concern at both rural and urban
background level. Also at points of high trafficlarge cities, levels exceeding legislation are
only occasionally observed. Industrial areas magffexted by large CO emissions; however,
when these emissions are released through highnelysnlocal ambient concentrations show
poor increases and do not pose risks for humanthe2D toxicity patterns are linked to its
reaction with haemoglobin in the human blood tarfararboxy-haemoglobin (COHb). The
affinity of haemoglobin for CO is 200- 250 timeg/her than for oxygen, and as a result this
binding reduces the oxygen carrying capacity oflilo®d and impairs the release of oxygen
to extra vascular tissues. The most important b&gadetermining the COHb level are CO in
inhaled air, duration of exposure and lung ventlat Physical exercise accelerates the CO
uptake process. The formation of COHb is a revlrsgrocess; however, the half-life
elimination of COHb is much longer in the foetuarthin the pregnant mother. The effects of
CO exposure on cardiovascular disease have bediedtior a long time (15). However, only
limited information is available about the possibkrdiac effects of gaseous pollutants at
concentrations close to those present in ambientAgiart from hazards due to high CO
concentrations, other health effects seem to atgirfirom the association between CO and
other gaseous and particulate matter, especiajypsaxe to exhausts from motor engines.
Although attention has recently been focused orcéindiovascular effects of PM, few studies
show evidence of the relationship between somemasicular diseases and the exposure of
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different populations to road traffic exhausts. Fetample, experimental studies have
demonstrated mild cardiac effects from both sulphaoxide (SQ) and ozone (€)(16). Other

studies, where personal exposure to different foils has been investigated, have suggested
that the estimated cardiac effects attributed teegaincluding S¢) are actually effects of
other pollutants, specifically PM (17). At this ggaof knowledge, however, it is difficult to
differentiate between the effects of PM and thobteyases because people are normally
exposed to both types of pollutants at the same.tBecause of these uncertainties, it seems
prudent to further investigate both the effectd tha concentrations of gaseous pollutants,
alone or in combination with PM, might have on @davdscular diseases, and the possibility
that the associations with gaseous pollutants nctiyaby reflect the effects of PM or some
component that is not currently being studied fsr health effects (16). Anthropogenic
sulphur dioxide (Sg) results from the combustion of sulphur containiogsil fuels (mainly
coal and heavy oils) and the smelting of sulphunt@iming ores. Over the past years,
however, there has been a net tendency towardsiemiseduction in Countries where low-
sulphur fuels and emission control measures hawen laelopted. In addition, the source
pattern has changed and moved from small multiglarces (domestic, commercial,
industrial) to large single sources releasing 8@m tall stacks. Volcanoes and oceans are the
major natural sources of $O0After being released in the atmosphere, sulphoxide is
further oxidized to sulphate (S0 and sulphuric acid forming an aerosol often assed
with other pollutants in droplets or solid partgleaving a wide range of sizes. Sahd its
oxidation products are removed from the atmosphgneet and dry deposition. Nowadays, it
Is also recognized that sulphate aerosols playngpoitant cooling role in the radiative
climate of the Earth through the phenomena of ghtlscattering in cloud free air and as
cloud condensation nuclei. Sulphur dioxide is artaint and when inhaled at high
concentrations may cause breathing difficultiepaénple exposed to it. People suffering from
asthma and chronic lung disease may be especiadlgeptible to the adverse effects of
sulphur dioxide. Nevertheless adverse effects flogh concentrations of SChave been
observed both on healthy people and asthma pat{@B8)s Oxidized nitrogen compounds
(NOz, NG, NGy) and ozone (€) join common patterns in atmospheric formationnaistry,
environmental fate and adverse effects on healthtla@ ecosystem. NO is directly released
by all combustion processes; once in the atmospitereacts with oxygen and a number of
other inorganic (e.g. £ OH radical, halogens) and organic (VOCs) gasdsrta NO,, NO;,
HONO, HNG;, PAN, nitro — PAH and other organic and halogemates, in the gaseous or
particulate phase. Ozone and oxidized nitrogen comgs are strongly oxidant and this
aspect mainly characterizes their harmful healtioacIn particular, the oxidizing potential
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of these compounds is commonly referred to as ‘mddien” (Ox) or “odd nitrogen” (NQ,

i.e families of chemical compounds that intercohvapidly among themselves on time scales
that are shorter than those necessary to form strajethe family . Another family is that

defined as “N@, which refers to the sum of N@xidation products (19).

NOx = NO + NG [1]
O, =X (OCP) + OfD) + O; + NO,) [2]
NO,; =X (HNO; + HNO, + NO; + 2NG,0Os5 + PAN +
other organic nitrate + halogen nitrate + partitlatrate) [3]

Unlike some other compounds whose formation radeg directly with the emissions of their
precursors, @differs in that its production changes nonlineasligh the concentrations of
precursors. At the low NQconcentrations found in most environments randiom remote
continental areas to rural and suburban areas,Oth@et production increases with the
increasing of NGQ At the high NQ concentrations found in downtown metropolitan area
especially near busy streets and roadways andwerpplants, there is a net destruction gf O
by titration reaction with NO. Between these twginges is a transition stage in which O
shows only a weak dependence onNncentrations. In the high NQegime, NQ
scavenges OH radicals which would otherwise oxidi£aCs to produce peroxy radicals,
which in turn would oxidize NO into NOIn the low NQ regime, VOC oxidation generates,
or at least does not consume, free radicals, anpr@Iluction varies accordingly. Sometimes
the terms ‘VOC-limited’ and ‘N@limited’ are used to describe these two regimés), ahe
terms NQ-limited and NQ-saturated are used. The chemistry of OH radidhlast are
responsible of the initiation of hydrocarbons oxiola, shows a behaviour similar to that of
O3 with respect to NQconcentrations (19). These considerations intregubigh degree of
uncertainty into attempts to relate changes gnc@ncentrations to precursors emissions. It
should also be noted at the outset that in a-Mfited (or NQ-sensitive) regime, ©
formation is not insensitive to radical productionthe flux of solar UV photons, but;O
formation is more sensitive to NOFor example, global tropospherig (3 sensitive to Cll
concentrations even if the troposphere is predomiynaNOy-limited. To get information
about the @NOy-VOCs relationships and sensitivity, the ratio aihmsned VOC to NQ
concentrations determining whether conditions af®-bensitive or VOC sensitive is not
sufficient to describe ©formation, since other factors - i.e. the effettbamgenic VOCs
(which are not present in urban centres in earlyning) - and some important individual

differences in VOCs ability to generate free raldichave to be considered. The difference
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between NQ@limited and NQ-saturated regimes is also reflected in measuremenht

hydrogen peroxide (#D.), another strong oxidant of ambient aieQ4d formation takes place
by self-reaction of photo chemically generated,H@dicals, so that there is large seasonal
variation in HO, concentrations, and values in excess of 1 pplmarely limited to summer
months, when photochemistry is more active (20)drdgen peroxide is produced in
abundance only whenz@s produced under N@imited conditions. The transition from NO
limited to NOx-saturated conditions is highly spaaed time dependent. In the upper
troposphere, responses to Nauditions from commercial aircraft have been fotimak are
very similar to those in the lower troposphere. &tter, the complex interplay between
chemical and meteorological processes gives risentertainties in understanding ozone
formation. This is especially true for regions ainplex topography. In coastal regions
around the Mediterranean Basin, for instance, mbination of mountain and sea breeze re-
circulations significantly affects ozone phenomeggl Ozone can also have very specific
distributions in mountain areas, and observed aunagons differ significantly between
mountain peaks and valleys (20). Nitro-polycyclroraatic hydrocarbons (nitro- PAHS) are
generated from incomplete combustion processesighr®AHs electrophilic reactions in the
presence of N©(21). Among combustion sources, diesel emissi@ve lbeen identified as
the major source of nitro-PAHs in ambient air. Biremissions of nitro-PAHs in PM vary
with the type of fuel, vehicle maintenance, and emibconditions (22). In addition to being
directly released, nitro-PAHs can also be formednfiboth PAHs gaseous and heterogeneous
reactions with gaseous nitrogenous pollutants enatimosphere. After formation, nitro-PAHs
with low vapour pressures (such as 2NF and 2NP)ddiately migrate to particles under
ambient conditions; therefore harmful effects idatio nitro — PAHs are better investigated in
the organic fraction of particulate matter. Alsandoor environments N{plays a key role in
adverse health effects. It is indeed produced byrbdiations with ozone or peroxy radicals
generated by indoor air chemistry involvings @nd unsaturated hydrocarbons such as
terpenes found in air fresheners and other houdgdroducts (23). Nevertheless indoor NO
is also contributed by indoor — outdoor air excleanthe relationship between personal ,NO
exposure and ambient N@an be modified by the indoor environment. Formeglke, during
the infiltration processes, ambient pi€an be lost through penetration and decay (chémica
and physical processes) in the indoor environmemd, the concentration of indoor ambient
NO, is not just the ambient NOconcentration but the product of the ambient ,NO
concentration and the infiltration factor (Finf,oif people spend 100% of their time indoor).
Indoor NG is removed by gas phase reactions with ozone ssaftaed free radicals and by
surface promoted hydrolysis and reduction reactidie concentration of indoor N@lso
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affects PAN decomposition. These processes arertamgonot only because they influence

the indoor NQ concentrations to which humans are exposed, batl&cause some products
of indoor chemistry may confound attempts to exam@ssociations between hl@nd health.
As a matter of fact, N@is an oxidant and lipid per-oxidation is believiedbe a major
molecular event responsible for its toxicity. Asesult, there has been considerable attention
paid to NQ effect on the antioxidant defence system in thighejal lining fluid and in
pulmonary cells. Repeated exposure to indoof Btxoncentrations ranging from 0.04 to 33
ppm has been shown to alter low molecular weighibaigants such as glutathione, vitamin
E, and vitamin C, as well as some enzymes invoinestll oxidant homeostasis. N@ffects

on structural proteins of the lungs have raisedceon because elastic recoil is lost after
exposure. It has been observed that the lattegasers collagen synthesis. This, in turn, shows
increases in total lung collagen which, if suffrdiecould result in pulmonary fibrosis after
longer periods of exposure. Such correlation hastyebe confirmed by in vivo studies
involving NO, exposure; nevertheless some evidence shown inaasiodies about asthma,
emphysema and other lung diseases. SimilarlystoN@; is absorbed throughout the lower
respiratory tract, but the major delivery site g tcentriacinar region, i.e, the junction
between the conducting and respiratory airwaysumadms and animals (21). Ozone is a
strong oxidant, and as such can react with a wvadge of cellular components and biological
materials: damage can occur to all parts of their@®ry tract. The time pattern of these
changes in the respiratory system, as determinetaboratory animals as well as in
epidemiological investigations, is complex. Durirtge first few days of exposure,
inflammation occurs and then persists at an attedukevel. At the same time, epithelial
hyperplasia progresses, and reaches a plateauaafbet one week of exposure. When the
exposure ceases, these effects slowly disappeacomtrast to this, interstitial fibrosis
increases slowly and can persist even when expasaees. In a large number of controlled
human studies, significant impairment of pulmonfanyction has been reported. Field studies
in children, adolescents, and young adults haveated that pulmonary function decrements,
similarly to those observed in controlled studes) occur as a result of short term exposure
to 0zone concentrations in the range of 120424@1° and higher. In comparison with adults,
children have a higher intake of ozone and othepaliutants. This is due to a higher basal
metabolic rate, resulting in a higher breathinguwa¢ per minute and a higher breathing
frequency. Furthermore, their respiratory tracsti$ under development until the age of six
and a half, and it is therefore more susceptiblethi® inflammatory effects of ozone.
Children’s immune systems are not yet fully devetband are generally under bigger stress.
For these and other reasons, children are at higblerwhen exposed to ambient ozone
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concentrations. Hospital admissions for respiratoayses and exacerbation of asthma are

observed both in exposures to ambient ozone (armblbatants) and in controlled exposures
to O; alone. Other groups at risk are those people eskegcoutdoors during evening hours or
whenever ozone concentrations tend to be highasgtifephotochemical smog events). Due
to the irritant nature of ozone, capable of indgci&irway inflammation and broncho-
constriction, asthma patients are deemed to belaneed risk from exposure to ozone and
photochemical smog, because inflamed airways dunn&i to the pathogenesis and
exacerbation of the disease and to morbidity andatity for asthma. Results from recent
epidemiologic studies have suggested that ozonhtrhaye serious cardiovascular effect (24
and references therein). Although a large numbetoaicity animal studies have been
performed on respiratory and other effects of NO; and other gaseous pollutants on
metabolic and physiological functions (body weigh¢patic, renal, brain, etc.), results are
often affected by serious limitations, due to bibih necessary animal-to-human extrapolation
of concentration-response data and the fact thatralted exposures to a single pollutant
alone provide incomplete information. Human clihicgtudies attempt to recreate in
laboratory the atmospheric conditions of ambientlupent atmospheres, paying great
attention to concentrations, duration, timing, aotther conditions which may impact
responses. These studies allow the measurementathhsymptoms and physiological
markers resulting from air breathing. This cargfalbntrolled environment allows researchers
to identify responses to individual pollutantsctaracterize exposure-response relationships,
to examine interactions among pollutants, and wdysthe effects of other variables such as
exercise, humidity, or temperature. Susceptibleufadjons, including individuals with acute
and chronic respiratory and cardiovascular diseasas participate with appropriate
limitations based on subject comfort and protectitom risk. Endpoint assessment has
traditionally included symptoms and pulmonary fumet but more recently a variety of
markers of pulmonary, systemic, and cardiovasciélaction have been used to assess
pollutant effects. It is reasonable to considerwéner, that human clinical studies have
limitations. For practical and ethical reasons,dss must be limited to relatively small
groups, to short durations of exposure, and touganit concentrations that are expected to
produce only mild and transient responses. Findiraga the short-term exposures in clinical
studies may provide limited insight about the Healfects of chronic or repeated exposures.
Moreover, the choice of previous- and after-expedime lags for the observation of health
effects is critical in assessing the role of aytalht in toxicity events. Many studies have
shown that N@ has a fairly consistent, immediate effect on Mealitcomes, including
respiratory hospitalizations and mortality. Sevesaldies also observed significant NO

150



Chapter 7

effects over longer cumulative lag periods, sugggsthat in addition to single-day lags,

multiday lags should be investigated to fully captia delayed N© effect on health
outcomes. Finally it should be kept in mind thdth@gh many biochemical changes are not
necessarily toxic manifestations of the pollutagtt e, such changes may anyway impact the
metabolism and toxicity of other chemicals in husamnd animal species (21). The EU
regulates the main harmful inorganic gaseous oilst by the EC legislation of the Air
Quality Framework (25). Other legally binding Protts have been established since the
1979 Geneva Convention on Long Range TransboundaryPollution (LRTAP) (26).
Guideline levels aimed at health and environmeaotgation have been set by WHO and other
institutions, too, to be used for impact assessmidm first edition of the WHO “Air quality
guidelines for Europe (AQG)” was published in 1927). To determine critical or guideline
levels, quantitative relationships between the ytafit exposure and its studied effect are
needed. However, any such relationships have aiceategree of uncertainty, and the data
necessary to produce them are often scarce. Theref@ establishment of guideline values,
such as levels at which acute (or chronic) effectpublic health or ecosystems are likely to
be not relevantly harmful, impose the support afldgical, clinical and epidemiological
evidence, often not available or inadequate. Deffierlegal tools aimed at protecting and
improving the health and quality of ecosystems fr@mpollution have been used in recent
years. The 1992 fifth action programme of the Easwp Commission (EAP) on the
environment recommended “the establishment of kengr air quality objectives” for many
inorganic gaseous pollutants (CO, Nahd NQ, SO, Os). The list of key requirements, also
includes the need for “studies to analyze the &ffdon health ant ecosystems] of the
combined action of various pollutants or sourcepalfution and the effect of climate on the
activity of the various pollutants examined”. Undee 3" EAP the Air Quality Framework
was established, within which the 96/62/EC Direetiand the following four Daughter
Directives have been adopted. This law establihets and threshold values for SONO,
and NQ under the 99/30/EC, CO under the 2000/69/EC andrder the 2002/03/ EC for
EU Member States. In thd'@&AP, further steps have been taken toward heaitivilonment
protection by the Clean Air for Europe (CAFE) pragyme. The CAFE is conceived as a
process based on technical analysis and policylo@vent to achieve the adoption of a
Thematic Strategy on Air Pollution. The major elertseof the CAFE programme are outlined
in Communication COM(2001)245 (2). The programnagntched in early 2001, aims at the
development of a long-term, strategic and integrgielicy advice to protect against the
significant negative effects of air pollution onrhan health and the ecosystem. Within this

process, the 2008/50/EC Directive on ambient aalitjuand cleaner air for Europe has been
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adopted and will enter into force as from 11 Juf&(? when the Directives 96/62/EC,
1999/30/EC, 2000/69/EC and 2002/3/ EC shall bealege

7.3.2 Particulate Matter

The history of air pollution is very long, and sinits very first occurrence — smoke from
heating and cooking activities in prehistoric duvgls - particles have been addressed as one
of the most important issues. Pollution from contimmssources and specifically suspended
particles have been responsible for the most ratepallution disasters (e.g. Mause Valley,
Belgium, 1930, the Big Smoke, London, 1952), whied to increasing efforts towards
pollution monitoring, the understanding of mainlptbn processes, political awareness and,
finally, regulations. At European level, pollutidom particulate matter (PM) has been first
addressed by the First Daughter Directive (199®30/to the Air Quality Framework
Directive (1996/62/EC); recently, a new Directiv20Q8/50/EC, published in June 2008)
summarised most of the existing legislation on a@&mbiair and introduced some new
requirements. As far as PM is concerned, the Bietghter Directive addressed only RM
setting limits for its annual average concentraf@bpg ni®) and the number of exceedances
(35 per year) of the 50g mi® daily concentration limit. Air quality limits alsfor PM, s were
introduced only by the recent Directive 2008/50/EX5 pug m°, with a 20% margin of
tolerance that will be reduced to zero ShJanuary 2015). In addition to the measurement of
PM mass concentration, Directive 2008/50/EC alsdluntes the measurement of PM
chemical composition in background sites, listingnamber of components that must
necessarily be determined in each RMample (sulphate, nitrate, chloride, sodium,
ammonium, potassium, calcium, magnesium). This m=sue is related to the increasing
awareness of the complexity of this “pollutant”, iefhis a mixture of thousands of different
chemical species, each one with its own propegies possibly its own environmental and
health effects. Unlike gaseous pollutants, wheee dbncentration is generally sufficient to
define the system, for the atmospheric aerosol npangmeters have to be defined. Physical
parameters include the geometric and aerodynanaimeter, shape (spheres, fibres, etc.),
phase (solid, liquid, mixture of both), densityeatical charge, hygroscopicity etc. and are
necessary to understand particles behaviour iattnesphere as well as inside the respiratory
system The most complex issue in aerosol characterisatimwever, is its chemical
composition, which includes a variety of componenisose determination requires a variety
of analytical techniques. The knowledge of heaffaots caused by inhalation of atmospheric

particles has been improved a lot during the lastade and there is no doubt that particles

152



Chapter 7
can be harmful to human health. PM is associatéd wiwide variety of both acute and

chronic cardiovascular and respiratory effects. tAceffects include increased hospital
admittance for respiratory disease or prematuretatityr for cardiovascular disease, while
chronic effects include a number of diseases lgathnongevity reduction. The increase in
respiratory and cardiovascular morbidity and mdastas in the order of a few percent for a
PM increase of 1Qg m* (28-34). The study of the link between particulatatter and health

Is extremely complex and poses many problems, dimafuthe difficulties in assessing the
role of particle size and particle composition, guantifying the real exposure and
understanding the biological mechanisms that aeoresible for the effects, in evaluating the
impact of the different sources and, last but east, in detecting the real concentration and
composition of the atmospheric aerosol. The sizatwlospheric particles varies among five
orders of magnitude, from a few nanometres to heawliof micrometers. The size of the
aerosol influences its lifetime in the atmospharred(thus the spatial range of influence of any
single source) as well as its pathway inside thmdm body. Basically, the atmospheric
aerosol consists of three modes, which are cldgeted to their formation mechanism: the
coarse mode, predominantly mechanically generaegl by erosion and by resuspension),
the accumulation mode, produced by condensatiom ft@pours and coagulation from
smaller particles, and the nucleation mode, whretludes particles smaller than Quin
originating from combustion processes (e.g. vehibausts, biomass burning). Natural
aerosol, originating from the sea and the soimastly in the coarse mode and is generally
considered as less harmful than anthropogenic alergenerated by combustion sources,
found mainly in the fine mode and able to penetdgeply in the respiratory tree. The
harmful role of nanopatrticles, able to reach tiveali and to be directly transported inside the
body cells, is still a matter of debate. The chemamposition of an atmospheric particle
depends on its source as well as on its “storyiftbe time of its emission or formation to
the time when it reaches the receptor (e.g. theanubody). Some particles are directly
released from their source into the atmospherengyy PM), but the characterisation of any
emission source is quite complex, as it generdibnges with time and operative conditions.
In addition, once formed, particles often underfemaical and physical transformations and
for this reason what is measured at the receptor Ineaalso very different from what is
released at the source. Even more difficult toegrace the other particles formed in the
atmosphere as a result of chemical reactions betwaseous compounds or gas-to-particle
conversion; of particular relevance, in this frameky is the oxidation of biogenically
released VOCs. Information about PM sources canlbained by analysing their chemical
composition. Only a limited number of compoundsstitate more than 1% of the overall PM
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mass: a few metals (Al, Si, Fe), the main aniond eations (chloride, nitrate, sulphate,

carbonate, sodium, ammonium, potassium, magnesidncalcium), elemental carbon and
organic material. This last category is the mogianant, as it generally represents 20 — 60%
of PM, but, unlike the other main components, ih@ a single chemical compound but it is
constituted by many hundreds of compounds, nongho¢h constitute more than 1% of the
total PM mass. Although the determination of tiséelil compounds is in most cases sufficient
to obtain the mass closure (i.e the sum of thesiogmponents equals the gravimetric mass),
the determination of micro-components is generakgessary to obtain a picture of PM
sources and effects (35-45). Although quite compiles determination of most inorganic PM
components has been one of the targets of fieldareB during the last 10-20 years. By
determining inorganic PM macro-components it issgae to trace natural sources (sea-
spray, desert dust, local crustal components) anché@asure the contribution of secondary
compounds (ammonium sulphate and ammonium nitratejganic micro-components, on
the contrary, may be of help in determining thetgbation of anthropogenic sources, e.g.
dust re-suspension and industrial sources (46M8¢h less understood and quantified is the
organic fraction, as the chemical analysis is gaheable to identify no more than 15-20% of
total organic mass. Once we are able to measurecéientration and to determine its
chemical composition, we need to clarify the lirdéeeen concentration and exposure. This is
a critical point in the scientific studies abouihlke effects, as the reference PM values are
generally those measured by local Protection Agendie. outdoor values sometimes taken at
traffic hotspots, while people generally spend mafstheir time in indoor environments,
including homes, working places and vehicles, anmig a small part of their time outdoors.
Considerable work is still needed to develop moddie to simulate the behaviour of
individuals in indoor microenvironments. Also, weed information about the composition of
indoor PM, that may greatly differ from the compmsi of outdoor particles (49-56). For
example, in indoor environments we may be exposechich more particles produced by
peculiar sources such as domestic wood burningakinog than to particles emitted by traffic
sources. As a consequence of the many difficudtresng when relating PM concentration to
the results of epidemiological studies, the scientommunity is now trying to find a
relationship between health effects and individehkemical components. This attempt
requires the availability of long time series of Rdmposition study and is still in its infancy.
The other pathway to elucidate the link betweend?M health effects is the study of the PM
toxicological effects, that is the specific meclsams that lead PM to cause the observed
health impacts. These studies include animal modheisran exposure during occupational
activities and experimental exposures. The mechenisf PM effects on human health are
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still quite uncertain, but given the variety andy of observed health associations, it is

likely that more than one of them are involved. iBaldy, particles entering the tissue cells
may cause inflammation; researchers increasingly fhat reactive oxygen compounds (in
the PM or produced by stimulated cells) play a.r8ecause of the presence of particles in
the respiratory tract, changes in the respiratongtion may occur. Particles in the blood may
increase viscosity, causing thrombosis or myochrdfarct. Of course, individuals with pre-

existing deficiencies of the cardiovascular or nedpry system may suffer more severe
effects (56-61). It is clear that a more integraapgroach is needed to get insights into PM
health effects. In particular, the link between Itireaffect and PM component and size and
the biological specific mechanism of its actionuegs further combined interdisciplinary

studies.

7.4 Futur e Per spectives and Developments

Despite the increasing amount of data provided oth baboratory and field studies, the
nature and role of aerosol particles responsibtehialth effects, as well as of gaseous
mixtures especially in urban areas, is still a sratf debate. In the former case the issue is of
importance also because the different constituehtie aerosol exhibit distinct sources and
emission/formation processes. Therefore, linkingcdaogical and epidemiological impacts
of atmospheric particulate matter to chemical cositppn is a key for the evaluation of
effective pollution abatement strategies. Resultsize-segregated aerosol chemical analyses
for Italian stations have already been publishednduhe last ten years and are available in
the peer reviewed literature and in project rep¢t®. These data generally refer to sparse
measurements employing multi-stage impactors ih boban (e.g, Bologna, Catania, Rome)
and rural/background sites (e.g, Monte Cimone)primfation on the inorganic and organic
composition of ultrafine to coarse particles hagerbretrieved by chemical determinations of
size-segregated fractions. Nevertheless, an inogagries of data on the aerosol chemical
composition and size-distribution has been providgdshort-term intensive field studies
performed in the frame of national and Europeareash projects (46). During these
experiments, state-of-the-art instrumentation hesnbdeployed for aerosol characterization.
In this view, a further step forward will be to mdy systematic behaviours in the
contributions of inorganic and organic chemical stdnents as a function of particles size,
and depending on site classification (urban, sudasur rural, marine, high-altitude, etc.), as
well as to provide a summary of the constituentsultfafine particles. This will help
interpreting clinical and epidemiological obseregas under an enhanced awareness of the

behaviour of particulate pollutants in differentveanments. Finally, a comparison with
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published results of analogous measurements pegtbimother European countries will be

carried out, to identify singularities to be funthevestigated in the future. New directions of
research in the field of understanding impact muatieambient and indoor air on health relate
to selected species showing a precise toxicardraeind to their size-segregated behaviour in
aerosols. In this view, research activities willrbe concerning either the characterization or
the toxicant and reactive behaviour of the watdwse organic fraction of PM. Besides
transition metals and PAHs, on which some peerreed literature already exist, the
chemical analysis of fine particulate samples lesve that even in urban areas the water-
soluble fraction of the aerosol contains large am®uof poorly-characterized organic
compounds (WSOC, “water-soluble organic carboni)contrast to the paradigm of many
toxicological studies which attributes the orgasatuble and water-soluble fractions of the
aerosol to organic and inorganic compounds, resdgt On the contrary, recent findings
point to WSOC as a major agent for aerosol toxieity oxidizing properties (56,116).
Although a number of bioassays have been adoptgdewious studies to provide fast and
sensitive measurement of the aerosol chemicalivégctmechanistic pathways for toxicity
were not established. Relevant bioassays will e thsted, for the scopes of evaluating the
oxidative potential of airborne aerosol in humansgl animals. Among possible bioassays,
those will be selected which are sensitive to reacbxygen species, like superoxide and
hydrogen peroxide. The latter species, indeed, lmrproduced in biological liquids and
tissues by organic compounds via redox reactionsh $ests include for instance those based
on dithiothreitol (DTT) consumption rate, or emplay dichlorofluorescin (DCFH) (56,156).
The key importance of testing these methods toigeou.e, an optimal application to the
analysis of the water-soluble organic extracts mwibi@nt aerosol samples is a matter of
evidence. Finally, a state of- the-art analytiemhnique like the Aerosol Mass Spectrometry
(AMS) will be employed for the quantitative masdetmination of Ultra Fine Particles. This
Is at date an obligate step towards enhancing timevledge about responsibilities of the
atmospheric pollution on health impacts. Indeee, AMS is currently the only technique
providing unique information on the short-term ms®es controlling the concentration and
composition of ultrafine particles and their intdran with larger particles. Moreover, the
data analysis of the emerging results from AMS willow comparison with the more
consolidated outcomes from available measuremgmsuiti-stage impaction methods.
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