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D6. PM;9& PM; 5 Concentration Databases for the three urban areas

D6. PM1o and PM:z.5 Concentration Databases for the three
urban areas AMA, TMA and VGA

EXECUTIVE SUMMARY

In the framework of the LIFE09 ENV/GR/000289 project “Development of a Cost
Efficient Policy Tool for reduction of Particulate Matter in AIR (ACEPT-AIR)”, a
PM concentration database was constructed for three urban areas of Greece: the
Athens Metropolitan Area (AMA), the Thessaloniki Metropolitan Area (TMA) and
the Volos Grater Area (VGA). For AMA and TMA, data for more than one site are
available (traffic sites, urban background sites and in some cases industrial sites).The
database includes information for PM mass and chemical constituents’ concentration
measured at various sites inside the aforementioned areas during the period 2000-
2010 (Historical Data), as well as data measured during 2011-2012 in the framework
of the ACEPT-AIR project (LIFE Data).

This database is very useful because it does not only offer an easy access to the
aforementioned data, but it can be used as a tool for studding the trend of PM mass
and chemical constituents’ concentration throughout the years as well. Those trends
can be used to assess the effect of the environmental policy followed by the
Government of Greece, as well as point out the need of establishing new measures.
Studding those trends, a significant decrease of PMjo and PM;sconcentration levels
during the last two decades is apparent, particularly at traffic sites, as a result of
pollution abatement measures including improvement regarding the age of the vehicle
fleet and the corresponding engine technology, improvement of fuel quality, increased
use of natural gas for space heating and energy production in industry, etc.

Results from the ACEPT-AIR campaigns, revealed that even though PM levels are
significantly lower than the previous years, there are still several cases of exceedance
of the EU limit values regarding PM. During the warm season of the sampling
campaigns there were exceedances of the PM;o daily limit value set by Directive
2008/50/EC only in TMA urban traffic site with 13 out of 28 days exceeding the 24-
hr limit value. Similarly, PM;s levels during warm season were above the annual
target value set by EU (25 pg m™) only in TMA/UT.

During cold season a significant increase in PM levels was observed. Exceedances of
the PMyo 24-hr limit value were observed in all sites.The lowest concentration levels
were measured at the background sites with only a small number of exceedances
while the highest were observed at the more densely populated site of Nea Smyrni in
Athens, and in VVolos where PM;g concentrations were above the 50 pg m™ limit value
for 33% and 70% of the measurement days respectively. Mean cold season
concentration in Volos was much higher than the annual limit value (74 pg m‘s).
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PM,;s levels were significant as well, with mean cold season values close or higher
than the annual target value of 25 pug m™.Yearly mean PMy, concentrations exceeded
the annual limit value of the air quality Directive 2008/EC/50 (40 pg m™) at the traffic
site in Thessaloniki and in Volos. Correspondingly, the yearly mean PM,s
concentrations exceeded the annual target value of 25ug m™ at both urban background
and traffic site in TMA.

INEPIAHWH

Yo mhaicia tov mpoypappatog LIFEO9 ENV/GR/000289 kot yio to £pyo “Avantuén
evog Epyodelov doknong omOTEAECUOTIKOV TOAMTIKGOV Yoo Tn Helwon TV
atwpoduevoy copatdiov otov aépa (ACEPT-AIR)” dnuiovpynnke amd tovg
ovvepyalouevovg @opeic pion Phon OedOUEVOV  GUYKEVIPOGE®V  OLOPOVLEVOV
ocopoTdiov (AX) yio Tpelg 0oTikéG TEPLoyEG TG EALGSOC: TV UNTPOTOALTIKN TEPLOYN
mg ABnvag (MITA), v puntporolrtikny meproyy g Oeocoarovikng (MII®) kot v
gvpOtepn meployn tov Boéiov (EIIB). I'a 1ig MITA kou MII® vrdpyovv dedopéva yia
TePLocOTEPEG TG piog tomobecieg/Oéoelg deryporonyiag (0éoelg avénuévng kivnong
oynuatov, Bécelc aotikod VToPAadpov Kol G OPIGUEVEG TTEPITTAOGELS PLOUNYAVIKES
0éoe1c). H Pdom dedopévav eumepiéyel 000UEVA Yoo T GLYKEVTPOON HAlaG Kot Yo
o YMUKA cvotatikd Tov AX yu 0dpopeg Bécelg eviog tov mpoavapepBEvimy
neploydv yuwoo tig meptodovg 2000-2010 (“Iotopikd dedopéva’), kabdc ko T,
dedoUEVOL TTOV TTPOEKLY ALY OO TIG LETPTGELS TTOV TP LATOTOMONKAV GTO TAAIGIO TOV
npoypappatog ACEPT-AIR v mepiodo 2011-2012 (Agdopéva “LIFE”).

H Baon dedopévov avtr, elvar wdwaitepa ypnotpn, Kobng dev TposeEPeL LOVO E0KOAN
npdcPacn ota TpoavapepBivia dedopéva, aArd puropel emiong va ypnoipomoindel mg
éva gpyodeio peAétng G TAONG OWKVUAVONG TOL TAPOLGLALOVLY YPOVIKE Ot
OLYKEVTIPAOOELS HALOG Kol yMUKAOV cvotatikedv Tov AX. H tdon dwaxdpaveng aut
umopet vo ypnoponomel yio vo extiun0et ) enidpaon tov tEPPAALOVIIKOV PHETPOV
nov Beomictnkav amd v EAAnvikr| kuBépvnon, kabmg Kot vo dametodel n avaykn
0éomong véov pétpov. H pedétn ovtov tov 14cemv QOvEPOVEL Uil GNUOVTIKY|
peiwon g ocvykEvipmong Tov AXp kot AXy 5 TIg TEAEVTALES dVO deKOETIES, KUPIWG OE
0100H00g TOV EKTPOGMTOVY oNUElR e LYNAT Kivion oynudT®V, T0 0moio EPYETOL MG
CUVETEWD, TNG EQAPUOYNG TEPPUALOVTIKOV HETPOV KOONDC Kol PEATIOCEWV TOL
wepAapPavouy 1N pelwon g HEoNG TAANOTNTAG TOL GTOAOL TMV OYNUAT®V Kot
KOTO GULVETEWD TNG KOAVTEPNG TEYVOAOYIOG 7OV TO. GLVOOEVEL, TNV MOLOTNTA TOV
Kovoipov, v ovénon g xpnong Quowol aepiov Yoo Béppavon, mopoymyn
EVEPYELUG, Y10, PLOUNYOVIKEG EQAPLOYES KTA.
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Ta dedopévo amd TIG peTpnoelg mov mpaypatoromdnkav ota miaicto tov ACEPT-
AIR, &dei&av 0Tt av Kot to enimeda TV AX lvol GNUOVTIKA LEWOUEVO GE GYEON LE TO
TPONyoOUEVA ¥POVIO, TAPUTNPOVVTIOL OKOWUO OPKETEG TEPMTMOELS LIEPPOONG T®V
Oeomiopévov ano v E.E. opiov. Katd v Bepun nepiodo derypotoinyiog vamp&ov
vepPAcEl; Tov NUEPNOIOL 0piov Yo Ta. AXip ovpemva pe v Odnyio 2008/50/EC
uovo otov otabpd kvklogopiag (urban traffic site, UT) g MIIO, oe 13 and T1g 28
Nuépes derypotoAnyiog. Aviiotol o, 6T GUYKEKPIUEVT] TEPLOYN 1) LEGT CLYKEVIPWOON
TV AXo 5100 T Oepun mepiodo Nrav LYNAGTEPN ad TNV ETNGLOL TIUN GTOYO TOV £YEL
1e0el am6 v E.E. (25 pg m™>).

Kotd v ddpkelo g yoypng meptddov mopatnpndnke onuaviikn avénon tov
emmédv Tov AX. YrepPacelg tov nuepnotov opiov AZip mopatnpndnkav ce OAEG TIC
neployE. O xapmAdTEPEG GLYKEVIPMOGELS Tapatnpinkay otig 0¢ceig vroPfddpov, pe
TOAD  pkpd  aplBud vrmepPdoewv, evd Ol LYNAOTEPES TopatnpnOnkav otV
TuKvokaTolknUéVN meployn g Néag Zpdpvng oty ABnva kot oto Boro, pe tig
OLYKEVTIPMOOELS TOV AXjp va gfvar vymAdtepeg amd 10 1Moo 6pro twv 50 ug m™ ot0
33% kot 6to 70% TtV nuepdv detypatoinyiog avtictoya. H péon cvykévipwon tov
AX1p oto Boého Ntav onuovtikd vynAdtepn and to €tolo opo (74 ug m'3). Ta
emineda tov AXys ftav emiong VYnAd, pe HEON GLYKEVIP®ON TNV Yuyxpn Tepiodo
KOVTA 1M HeYOADTEPN OO TNV ETNCLN TN GTOXO TV 25 ug m=. Ot HEGEG €TNOLEG
GVYKEVIPHOES AZ1 vIepéPovay To dpto g Odnylag 2008/EC/50 (40 pg m™) ot
Béom xukhogopiag (UT) g Osocarovikng kot otov Bolo. Avtictorya 1 péon etmota
oLYKEVTPOOT TV AXys Eemepvodoe v T o610)0 TV 25 ugm'3 1660 ot Béom
KukAo@popiog 0G0 Kot G€ ATV TOL 0.6TIKoV VtoBdBpov oty MIIE.
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1.INTRODUCTION

A mass concentration and chemical composition Database was constructed in the
framework of the LIFE09 ENV/GR/000289 project “Development of A Cost Efficient
Policy Tool for reduction of Particulate Matter in AIR (ACEPT-AIR)” for particle
fractions PMy and PM;s at three urban areas of Greece: the Athens Metropolitan
Area (AMA), the Thessaloniki Metropolitan Area (TMA) and the Volos Greater Area
(VGA). These data were then used for the source apportionment of ambient PMyoand
PM, 5 using receptor models.The Database also incorporated relevant historical data
for the three study areas since 1990.

This report presents a description of the PMj, and PM,s Mass Concentration
Databaseand summarizes the concentrations of ambient PMiyg and PM,s levels
measured in AMA, TMA and VGA in the framework of the ACEPT-AIR project.

2. METHODOLOGY
2.1 Description of the ACEPT-AIR project sampling sites

The ACEPT-AIR project was concurrently carried out at 2 sites in the Athens
MetropolitanArea, AMA (Figure 1), at two sites in the Thessaloniki Metropolitan
Area, TMA (Figure 2), and at one site in the VVolos Greater Area, VGA (Figure 3).

YoiNealloniak

Figure 1 Map of the AMA (Athens Metropolitan Area) with the ACEPT-AIR
sampling sites (AP: Agia Paraskevi, NS: Nea Smyrni).
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Figure 2 Map of TMA (Thessaloniki Metropolitan Area) with the ACEPT-AIR
sampling sites (UT: urban-traffic, UB: urban background)

Figure 3 Map of VGA (Volos Greater Area) with the ACEPT-AIR sampling site at
the University of Thessaly (UTH).
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AMA, sprawling over 2,928.72 km?, is located within the 3,808 km? Attica region that
encompasses the most populated region of Greece, reaching 3,827,624 inhabitants in
2011. Athens (37°59' N, 23° 44' E), the capital and largest city of Greece, sprawls
across the central plain of Atticabuilt around a number of hills. The climate in AMA
IS Mediterranean with hot dry summers and wet mild winters. The daily average
winter and summer temperatures are 9.9°C and 28.6°C, respectively. The
geomorphology of AMA is deemed to be one of the most complex in the world due to
its mountains causing temperature inversions frequently. The ACEPT-AIR sampling
sites in AMA were located at Agia Paraskevi (AP), at the urban background station
GAW-DEM?® of the National Centre for Scientific Research “Demokritos”(270 m asl),
and at the urban background station of the National Monitoring Network at Nea
Smyrni (NS) (50 m asl). PM sampling at both sites was conducted at a height of
around 10 m above ground.

TMA extends over an area of 1,455.62 km? and its population in 2011 reached a total
of 1,104,460 inhabitants. Built at the innermost point of Thermaikos Gulf (40°62°N,
22°95°E), Thessaloniki is the second largest Greek city and has the second largest
commercial port. The city is characterized by intense vehicular traffic in the center
and several industrial establishments located W, NW and N (oil refining,
petrochemical facilities, metal scrap incineration, iron and steel manufacturing,
electrolytic MnO, production, lubricating oil recovery, cement and lime production,
quarry works). The daily average winter and summer temperatures in the city are
5.3°C and 25.1°C, respectively. Prevailing winds are weak (1-3 m/s) strongly
influenced by the sea breeze, while frequently occurring calms result to inadequate
dispersion of atmospheric pollutants and short-range transport processes. The
ACEPT-AIR sampling sites in Thessaloniki were located at an urban traffic area (UT)
in the commercial city centre (11.4 m asl), and at an urban background (UB) area in
the upper part of the city (174.0 m asl). At both areas ACEPT-AIR samplers were
hosted in monitoring stations of the Municipality of Thessaloniki. Despite the
relatively short distance between them, the two selected sites are typically
characterized by the highest and lowest PM levels of the city. PMyy and PM;s
sampling was carried out from a height of around 3 m above ground.

Volos (39° 21' N, 22° 55' E) is a medium-size coastal city,with around 150,000
inhabitants, situated midway on the Greek mainland, about 326 km North of Athens
and 215 km South of Thessaloniki. Built at the innermost point of the Pagasetic Gulf,
Volos has the third largest commercial port in Greece. In recent decades,
urbanization and increased industrialization (cement and lime production, metal scrap
incineration, iron and steel manufacturing, etc) have resulted in the deterioration of air
quality in the region. The daily average winter and summer temperatures in the city
are 7.8°C and 27.0°C, respectively.The meteorological factors and the complex
topography of the area favors air pollution episodes. The ACEPT-AIR sampling site

"http://gaw.empa.ch/gawsis/reports.asp
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in Volos was located on the roof of the University of Thessaly, at a height of around 9
m above ground.

2.2 Sampling methods

At all sites, PM;o and PM, s sampling was carried out concurrently according to the
reference methods ISO/IEC EN-12341 and ISO/IEC EN-14907, respectively.

Low volume air samplers equipped with PMig and PM;s inlets were employed
operating at constant flowrate of 2.3 m%h. Each PMo/PM,5 sampling had a 24-h
duration. Each PM fraction was concurrently collected on two filter media: @47 mm
Teflon filter (Zefluor™membranes, Pall 2pum) for subsequent analysis of elements
and ionic species, and @47 Quartz filter (Tissuquartz, Pall) for subsequent analysis of
organic and elemental carbon, OC and EC. Two types of air samplers were purchased
in the framework of ACEPT-AIR project and were used in field measurements: Low
Volume Samplers with manual filter changing (Figure 2.4a) and Sequential Samplers
with automatic filter changingand Peltier cooler (Figure 2.4b).

The PMjpand PM,s masses were gravimetrically determined according to EN-12341
and EN-14907, respectively. Loaded and unloaded filters were conditioned for 48 h at
20+1 °C and 50+£5% relative humidity before weighing in a microbalance (d = 0.01
mq). Filter samples were stored ina cool and dark place until analysis (for less than
four weeks).

Figure 4 Photo of the Low Volume Sampler, LVVS3.2 Norbent Derenda Berlin (right
side) and photo of the Sequential Sampler (PM10/25 SEQ 47/50-CD with Peltier cooler
/ 8m3-pump, Sven Leckel GmbH) (left side).
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2.3 Description of the PM19 and PM:.5s sampling campaigns

A summary description of the PM;o and PM, s sampling campaigns in AMA, TMA
and VGA is provided in Table 1.

Table 1 Summary description of the PM;o and PM; 5 sampling campaigns in AMA,
TMA and VGA.

Site Sampling period Number of samples
PMyo PM2s
AMA
AP Warm 7/7-2/10/11 48 49
Cold 16/1-10/4/12 47 48
NS Warm 7/7-2/10/11 40 42
Cold 16/1-10/4/12 41 39
TMA
uT Warm 30/6 - 25/9/11 28 28
Cold 10/2 - 6/4/12 26 26
uUB Warm 14/7 - 1/10/11 26 25
Cold 10/2 - 6/4/12 24 24
VGA
UTH Warm 5/8 —5/9/11 9 32
Cold 20/2 —17/3/12 23 24

2.4 Description of the PM1o and PM:.; ACEPT-AIR Database

All the data collected in the framework of the project (both historical and current)
have been introduced into a Database which is submitted as a Deliverable for Action

10
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2. The ACEPT-AIR Database provides information for PMoand PM, s mass and the
concentration levels of their components for the Athens Metropolitan Area (AMA),
the Thessaloniki Metropolitan Area (TMA), and the VVolos Greater Area (VGA). The
Database was constructed in Access 2010 (Microsoft Office, Windows) and has two
platforms (Figure 2.5):

The Historical Data platform, that includes concentrations for PM mass and
chemical constituents measured at various sites inside the aforementioned
areas during the period 2000-2010. The source of these data are previous
measurements by ACEPT-AIR partners, records of the air pollution
monitoring stations operated by national and local authorities (Greek Ministry
of Environment, Municipality of Thessaloniki, etc), as well as published data
of independent researchers. The historical data were collected in the
framework of the project and were examined with respect to sampling
protocols, sampling and analytical methods and data analysis. After being
submitted to strict quality control procedures, the collected data have been
introduced in the historical database.

The LIFE Dataplatform,that includes concentrations of PMy, and PM, 5 and
their associated chemical components, measured during 2011-2012 in the
framework of the ACEPT-AIR project.

Particulate Matter and Constituents database
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Figure 5 Introduction page to the ACEPT-AIR Database.

Both

platforms have the same structure (Figure 6). The user can have access to the

data by selecting various options regarding the identity and characteristics of the
sampling site:
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— The study area. The user can select among the Athens Metropolitan Area
(AMA), the Thessaloniki Metropolitan Area (TMA), and the Volos Greater

Area (VGA).

— The specific in each area. By this selection, a map from the Google maps

also comes into view.

— The authority that was responsible for this station (Ministry of Environment,
Municipality of Thessaloniki, etc).
— The characterization of the station regarding the distance from various
sources (i.e. urban-traffic, urban background, industrial).
— The pollutants that are usually measured, besides PM mass (CO, NOx, SO,,

O3, etc).

Historical Data [ ufe )

quit |

PM Mass and chemical components

Station [§EIGITEY

Area |Athen5 Metropolitan Area (AMA)
i v Report

w

Pollutant Category| |PM Mass
\ |
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i
oog| P |Peiraias [ Enlarge I [ Add New Record(s) ] |1
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"""""" Giifada @2012 Gosgle - R . -
GOE%'Q . M&p 0514 2017 Googhs - Terms of Uss 4 [

Figure 6 Historical PMy, data at the Marousi station in AMA.

For PM mass, the user can select the size fraction (PMy, PM,5, Total Suspended
Particles - TSP or other) (Figure 7), as well as specific statistics of data (mean values,
percentiles, min and max values) (Figure 8).

Besides PM mass, the Database provides information for the chemical components of
PM, such as elemental components, ionic components, organic compounds, and
carbonaceous species.

12
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Figure 7 LIFE data for PM, at the lonos Dragoumi station
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13



D6. PM;9& PM; 5 Concentration Databases for the three urban areas

3. RESULTS AND DISCUSSION
3.1. Historical data for PMio and PM:z.5in AMA, TMA and VGA

Temporal trendsof historical PMio and PM, 5 concentrations in AMA, TMA and VGA
are shown in Figures 9 to 13 for traffic, industrial and background sites, respectively.
A strong decreasing trend of PMy, and PM;s levels during the last two decades is
apparent, particularly at traffic sites, as a result of pollution abatement measures
including improvement regarding the age of the vehicle fleet and the corresponding
engine technology, improvement of fuel quality, increased use of natural gas for space
heating and energy production in industry, etc. (Petrakakis et al., 2013; Triantafyllou
& Biskos, 2012; Aleksandropoulou et al., 2011; Argyropoulos et al., 2011).
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Figure 9 Evolution of mean yearly PMj, concentrations for traffic, industrial and
background sites in AMA.
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Figure 10 Evolution of mean yearly PM, s concentrations for traffic and background
sites in AMA.
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Figure 11 Evolution of mean yearly PMy, concentrations for traffic, industrial and
background sites in TMA.
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Figure 12 Evolution of mean yearly PM; s concentrations, for traffic and background
sites in TMA.
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Figure 13 Evolution of mean yearly PM;, concentrations in VGA (centre of Volos).

3.2. ACEPT-AIR data for PMio and PMz.sin AMA, TMA and VGA
3.2.1. Concentrations of PM10 and PMzs

Mean PMjo and PM;5 concentration levels measured during warm and cold season
ACEPT-AIR campaigns are presented in Figures 14 and 15, respectively. During
warm season, PMjo concentrations at the two background sites in Athens, the urban
background site in Thessaloniki and in VVolos were always below the 24-hr limit value
of 50 pg m™ set by Directive 2008/50/EC (with the exception of one day in AP where
PMy, concentration barely exceeded 50 pg m™). As expected, the respective levels at
the traffic site in Thessaloniki were higher, with 13 out of 28 days exceeding the 24-hr
limit value. Similarly, PM,s levels during warm season were above the yearly target
value set by EU (25 pg m™) only in TMA/UT.

During cold season mean PMjo and PM;5 concentrations were significantly higher
with respect to warm period, at all sites except for AP in AMA. In addition, 24-hr
concentrations for both size fractions exhibited a much large variability, with peak
concentrations reaching up to more than three times the 24-hr limit value for PMyy
and the yearly target value for PM,s. Exceedances of the PMy 24-hr limit value were
observed at all sites The lowest concentration levels were again measured at the
background sites; nonetheless both AP background station and Thessaloniki
background site presented 2 (out of 47) and 4 (out of 24) days with exceedance
incidents. At the more densely populated site of NS in Athens, and in Volos, PMyg
concentrations were above the 50 pg m™ limit value for 33% and 70% of the
measurement days respectively, while mean cold season concentration in VVolos was
much higher than the annual limit value (74 pg m™). PMas levels were significant as
well, with mean cold season values close or higher than the annual target value of 25
ng m™. The results suggest a strong PM source during cold season, present also in
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background residential sites (such as residential heating), as well as meteorological

conditions favouring air pollution episodes during cold season (lower dispersion of
pollutants).
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Figure 14 PMjo concentrations during warm and cold seasons on the various
sampling sites. Columns correspond to mean values and error bars denote range of 24-
hr values. Blue and red lines depict the 24-hr and the yearly EU limit value for PMyg,
respectively.
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Figure 15 PM,s concentrations during warm and cold seasons on the various
sampling sites. Columns correspond to mean values and error bars denote range of 24-
hr values. Blue line depicts the EU yearly target value for PM;s.
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Yearly mean PMy, concentrations (Figurel6) exceeded the annual limit value of the
air quality directive 2008/EC/50 (40 ug m™) at the traffic site inThessaloniki (TMA-
UT) and in Volos. Correspondingly, the yearly mean PM,s concentrations exceeded
the annual target valueof 25ug m™at both sites in TMA, while in Volos it was only
slightly lower (Figurel7).
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Figure 16 Mean PMy, concentrations at the sampling sites of the ACEPT-AIR
project. Red line depicts the EU yearly limit value for PMyp.
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Figure 17 Mean PM, 5 concentrations at the sampling sites of the ACEPT-AIR
project. Red line depicts the EU target value for PM;s.
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In general, PMyy and PM, 5 concentrations observed at this study were similar to the
concentrations usually found at urban sites in Greece, as well as at other urban sites of
South and Central Europe with similar characteristics (Karanasiou et al., 2014; Tolis
et al., 2014; Manousakas et al., 2013; Theodosi et al., 2011).

3.2.2. Distribution in the fine and coarse fractions

The distribution of PMjo mass in the fine (PM.5) and the coarse (PMzs.10) particle
fractions is shown in Figures 18 and 19. Coarse and fine particles contributed
similarly to PM3o mass in AMA/AP during warm season when dry conditions favored
the resuspension of coarse particles (such as mineral dust). During cold season the
fine fraction was larger than the coarse fraction, suggesting increased emissions of
PM,5 probably from combustion sources (such as residential heating and traffic).
Similar trends were observed in TMA UB and UT sites. The opposite seasonal trend
was observed in AMA/NS and VGA where PM,5 contribution was larger during
warm season, pointing towards secondary formation due to high photochemical
activity. A significant coarse particle source was present during cold season in VGA,
where PM, 519 contribution to PMj was the highest from all sites and seasons (Proias
etal., 2012).
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Figure 18 Percentages of the fine fraction (PM. ) and the coarse fraction (PM2s.10) in
PM for every sampling site in the warm season.
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Cold Season
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Figure 19 Percentages of the fine fraction (PM. ) and the coarse fraction (PM25.10) in
PM for every sampling site in the cold season.

20



D6. PM;9& PM; 5 Concentration Databases for the three urban areas

References

Aleksandropoulou V., Lazaridis M., Eleftheriadis K., (2011), Assessing PMig
source reduction in urban agglomerations for air quality compliance. European
Aerosol Conference 2011. Manchester, U.K., 4-9 September 2011.

Argyropoulos G., Grigoratos Th., Mpesis A., Kouras A., Manoli E., Voutsa D.,
Petrakakis M., Kelessis A., Tzoumaka P.N., Samara C., (2011), Concentration
levels and chemical composition of PM,s in the urban area of Thessaloniki.
MESAEP, 6™ International Symposium on Environmental Pollution and its Impact on
Life in the Mediterranean Region, loannina, Greece, 24 - 27 September 2011.

EU, 2008/50/EC - Directive of the European Parliament and of the Council on
ambient air quality and cleaner air for Europe.

ISO/IEC EN-12341: “Ambient air. Standard gravimetric measurement method for
the determination of the PM10 or PM2.5 mass concentration of suspended particulate
matter”.

ISO/IEC EN-14907: “Ambient air quality. Standard gravimetric measurement
method for the determination of the PM2.5 mass fraction of suspended particulate
matter”.

Karanasiou A., Querol X., Alastuey A., Perez N., Pey J., Perrino C., Berti G,
Gandini M., Poluzzi V., Ferrari S., de la Rosa J., Pascal M., Samoli E., Kelessis
A, Sunyer J., Alessandrini E., Stafoggia M., Forastiere F., the MED-
PARTICLES Study Group, (2014), Particulate matter and gaseous pollutants in the
Mediterranean Basin: Results from the MED-PARTICLES project. STOTEN, 488-
489: 297-315.

Manousakas M., Eleftheriadis K., Papaefthymiou H., (2013), Characterization of
PMjo sources and ambient air concentration levels at Megalopolis City (Southern
Greece) located in the vicinity of lignite-fired plants. Aerosol and Air Quality
Research, 13: 804-817.

Petrakakis M.J., Kelessis A.G., Tzoumaka P.N., Samara C., (2013), Levels of
suspended particulate matter in Thessaloniki Greece before and after the economic
crisis. MESAEP 17" International Symposium on Environmental Pollution and its
Impact on Life in the Mediterranean Region, Istanbul — Turkey, 28 September — 1
October, 2013.

Proias G., Eleftheriadis K., Diapouli E., Vratolis S., Vasilatou V., Kungolos A,
Kipouros S., Paliatsos A.G., (2012), Analysis of PMy, and PM, 5 concentrations in
Volos during LIFE+ ACEPT-AIR warm and cold season campaigns 2011-2012. 1%
Thessaly Environmental Conference, Skiathos island, Greece, 8 — 10 September,
2012.

21



D6. PM;9& PM; 5 Concentration Databases for the three urban areas

Theodosi C., Grivas G., Zarmpas P., Chaloulakou A., Mihalopoulos N., (2011),
Mass and chemical composition of size-segregated aerosols (PMi, PM,s, PMyg) over
Athens, Greece: local versus regional sources. Atmos. Chem. Phys., 11, 11895-11911.

Tolis E.l., Saraga D.E., Ammari G.Z., Gkanas E.l., Gougoulas T., Papaioannou
C.C., Sarioglou A.K., Kougioumtzidis E., Skemperi A., Bartzis J.G, (2014),
Chemical characterization of particulate matter (PM) and source apportionment study
during winter and summer period for the city of Kozani, Greece. Cent. Eur. J. Chem.,
12(6): 643-651.

Triantafylloy E., Biskos G., (2012), Overview of the temporal variation of PMjg
mass concentrations in the two major cities in Greece: Athens and Thessaloniki.
Global NEST Journal, 14(4): pp 431-441.

22



