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ABSTRACT

"Photochemical and particulate pollutiocharacteristics above the Greater Athens Area after
2004

The purpose of the present thesis is the study of the photochemical and particulatgigrolabove

the Greater Athens riea (GAA). Significant land use changes took place in the rapidly developed
Attica Peninsula after 2004, the year that the Olympic Games took place,due to the residential
development of areas previously characterized as rural and the large scale construction works (Attiki
Odos highway, Athens International Airport etc). For thigsom, the photochemical model CAMXx
coupled by the meteorological model MM5 were selectiadorder to investigate the pollutant

distribution as well as the factors that lead to the formation of pollution episodes in the GAA.

Previous modeling studies of giollution above the GAA revealed the lack of an up to date and
accurate emission inventory. Even though several efforts were made to construct emission
inventories for Greece and the GAA, still there doesaxist a spatially and temporally resolved one
based on data from relevant authorities and organizations. Therefore, the primary objective of this
thesis was to construct an emission inventory in order to examine the emissions trend in Greece and
the GAA for the period 2008010 on a spatial scale ok® knf and 2x2 ki respectively and on a

temporal scale of 1 hour.

The final database named F.EGREGAA (Flexible Emission Inventory for GREece and the GAA) was
constructed according to the EMEP/EEA Emission Inventory Guidebook 2009 and 2013psedorop

by the European Environment Agency. The emission sources were categorized in 10 types (SNAP
levels). The structure of F.E(IGREGAA is open so as to insert data updates for all SNAP levels and
to be able to study various emissions scenarios andiiere@nt emissions factors depending on
current needs. ltcan be used in applications with photochemical models and contribute to
guantitative and qualitative conclusions concerning the type of sources that contribute to the air

guality of the GAA.

Regarding the sources, emissions were calculated from stationary combustion sources (domestic
consumption for heating/cooking, tertiary sector), transportation (road, navigation and aviation),
off-road vehicles, airulture and livestock. Emissions from industry were provided by the European

Registry database Pollutant Release and Transfer (eprtr_v5.1) (http://prtr.ec.europa.eu/). The



comparative study of the contribution of different sources to the total emisssim®ved that the

road transport and stationary combustion sources contribute most to the CO emissions for the
period 20062010. The proportion of emissions from stationary combustion sources increased due
to the increasing use of biomass burning in housééathile the reduction in gasoline consumption
followed by the reduction in the annual vehidtdometers traveled and the introduction of new
clean engine technology led to the reduction of the annual CO road transport emissions. Temporal
coefficients (yarly, monthly, daily and hourly profiles) were developed for the GAA with the use of
hourly traffic counts provided by the Attica Traffic Management Center for the period 22040
highlighting the special characteristics of the GAA trafficthe maritme transport NOx and SOx
emissions prevailed thanks to the oil fuel consumption. Most emissions are released in Piraeus since
it is the largest passenger and commercial port in the country (13.5% and 13.9% of total NOx and
SOx respectively in 2010ndudrial activity (energy production and construction sector) contributes
significantly to total NOx and PlemissionsCO, NOx and Plylemissions for the GAA for the year
2010 were 179.81kt, 89.11kt" h 7.00kt respectively. Road transport contributed mogi CO
emissions §1.28%), while CO emissions from stai#oy combustion sources were 2% of total
emissions. NOx emissions were mainly duerdad transport (46.54%) andavigation (65.83%)

while industrial activity's contribution was 15.94. PM, emissons derived by 45.2%4 from

stationary combustion sources, 24®a&romroad transport and 13.00% from navigation

The meteorological and photochemical simulations were performed with the modeling system
MM5/CAMx with the grid nesting method having the nesmission inventory as input. The
simulation period lasted from 11/6/2010 00.00 UTC until 15/6/2010 00.00 UTC with the first two
days used as a spilp period. The mild synoptic conditions that prevailed during the period 13
14/06/2010 favored the developnm of sea breeze above the GAA which led to higlam@ PMg
concentrations. Comparison of CAMX results with measurements provided by the Greek Ministry of
Environment revealed a satisfactory agreement especially for the urban and suburban background
stations. The model managed to reproduce the afternoon peak ozone concentrations recorded by
monitoring stations. The plume of;@enetrated the interior of the basin and reached even the most
remote stations. Concerning RMthe numerical simulation revealddgh concentrations at the city

centre and the southeastern suburbs.

Further work envisaged includés) the in depth study of the dispersion patterns of primary and
secondary pollutants above the GAA unddifferent meteorological conditions and segregation of
those leading to pollution episodes(b) the detailed mapping of the distribution of pollutants

above the area and identification of those with poor air quality and frequent exceedanaed, (C)

10



for the latter case, the study of the factors contributing to the levels observéslg., regional

transport of pollutants and their precursors, local emission sources, etc).

11
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Mean monthly temperature - February
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2009 65,259,740 125,580 90,040,860 1,716,260 293,020 10,716,160 2,051,140 22,604,400 125,580 7,492,940
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2007 209,300 4,395,300 17,162,600 67,562,040.00 879,060 34,701,940 10,381,280
2008 167,440 5,399,940 16,367,260 70,868,980.000 1,004,640 33,571,720 11,176,620
2009 209,300 6,069,700 12,264,980 71,162,000.000 1,046,500 26,539,240 9,041,760
2010 669,760 5,818,540 10,674,300 64,799,280.000 1,046,500 22,855,560 9,585,940
2011 1,381,380 6,906,900 9,544,080 60,529,560.000 1,590,680 8,999,900
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Degree of uranisation (DEGURBA)

[ A - Densely populated area
[ | B - Intermediate density area

[ C - Thinly populated area %

Population data (people/cell)
N 0 - 4500 % 40000.1 - 70000 Snap2
F74500.1 - 15000 WEN70000.1-110000 NGy residential emissions 2010 (tn/year)
115000.1 - 40000 )
. 0-2 [78.1-20 MM 35.1-55
[ 121-820.1-35

b~

NOx emissions 2010 (tonnes/area)

0-5 N 30.1 - 120
[/51-15 [ 120.1-1800
[7115.1-30

1‘"§1h]__r|s“’4"<"1’h ‘,"¢"I h -~ ,_“I. B¢~ Y >~ _ A h = YA Y " ¢t h

Land use categories Snap2
[ 3 Irrigated Cropland and Pasture NOXx agriculture emissions 2010 (tn/year)

[ 4 Mixed Dryland/Irrigated Cropland and Pasture | 0.317786
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emissions (tonnes)
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fireplaces
[ stoves
I boilers

.\\ -~

CO emissions (tonnes)

40898.045 (32.03%)

—1517.06087 (1.19%)

fireplaces
N stoves
I boilers

NMVOC emissions (tonnes)

6069.93268 (32.04%)

PM10 emissions (tonnes)

7688.75303 (29.69%)

_590.586044 (2.28%)

NOx emissions (tonnes)

6470.26521 (77.38%)

- 1116.26654 (13.35%)
775.022201 (9.27%)

[Ifireplaces [ Ifireplaces

[ stoves N stoves

I boilers I boilers
1:"310 n_ " 'k B A" Cw B¢~ Y sTw AR 1" 6_yhenh r F A
2010.
1 ¥ I B A" Cw I h >s>w S Yot s 1 C h f Bt - .
~h o™ A 7 pE T BE®B 1L AT 7T AL > T T T AT
>. 0 B Ah T Ut > hoAp ASERt © H Sthe tg AR, fd° ARSh ' oY
Bq—v>—u I —V‘ N 7z A} >V—Vr ~ A h t h _v/\ - ~ 1
- lw Q)
[P ANZBD | A_s<s w5 CT YT - o ¢CASNI H i
$th rA Ch YT h fplt AH®

[Wj'_lﬁ iyhﬁ"h 1 > B
I 77 r7AbLIR < T [ Tw R <~ < . S1 h
>wo U h w "¢ hw""ch,“
>j h B A B 1Y > E A B 1B
EF EF EF

NOx g/GJ 80 42 69 50 95 50 80 42 34
CcOo g/GJ 4000 22 3.7 4000 2000 4000 300 22 111
NMVOC g/GJ 350 1.8 0.17 600 250 600 10 1.8 1.2
PM10 g/GJ 480 0.2 1.5 840 95 760 29 0.2 2.2

88

nr/J
NEB LI |
|‘|>\
_5’5
\A-
h



rnvBrBis oY

rnésnsrmi B miB [ &
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| K 2006 2007 2008 2009 2010 2011
NOx 16,376 15,356 14,759 12,696 11,533 12,208
CO 133,999 158,439 138,680 128,482 128,482 155,378
NMVOC 19,803 23,461 20,498 18,998 18,983 22,940
SQ 10,891 9,764 9,469 7,945 7,100 7,713
NH; 2,448 2,905 2,549 2,365 2,380 2,909
TSP 29,149 34,198 29,901 27,643 27,530 33,040
PMyo 27,841 32,648 28,549 26,389 26,276 31,523
PM, 5 27,183 31,869 27,859 25,755 25,643 30,756
Pb 0.98652 1.13088 1.00163 0.92763 0.93909 1.15913
Cd 0.45720 0.54113 0.47375 0.44213 0.44772 0.55236
Hg 0.04364 0.04419 0.04125 0.03673 0.03514 0.04047
As 0.00920 0.01001 0.01001 0.00928 0.00929 0.01161
Cr 0.84678 0.99029 0.87133 0.80919 0.81610 1.00194
Cu 0.23994  0.27214 0.24297 0.22300 0.22363 0.27283
Ni 0.07479 0.08464 0.07545 0.06956 0.07035 0.08676
Se 0.02115 0.02684 0.03541 0.02581 0.02599 0.03286
Zn 18.11082 21.38340 18.74633 17.47665 17.69109 21.81769
PCB 0.00015 0.00012 0.00016 0.00012 0.00011 0.00014
PCDD/F 0.00003 0.00004 0.00003 0.00003 0.00003 0.00003
Benzo(a)pyrene 6.59217 7.03610 6.37274 5.75974 5.58478 6.88638
Benzo(b)fluoranthene  7.95864  8.17266  7.50807 6.71399 6.38487 8.02435
Benzo(k)fluoranthene 11.08692 10.31501 9.82746  8.55189 7.78598 10.10075
Indeno(1,2,3 7.52994  7.38964 6.89511 6.10172 5.74933 7.20936
cd)pyrene

HCB 0.00021 0.00024 0.00021 0.00020 0.00020 0.00024
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