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INTRODUCTION

Athens is a densely populated area surrounded by hills, so as a result PM;, measurements
show exceedances of the proposed European limits. Many studies in the Greater Athens Area
(GAA) atmosphere focus on measurements of PM;( and their composition (e.g. Chaloulakou
et al, 2003; Prosmitis et al., 2003; Eleftheriadis et al., 1998; Siskos et al., 2000), but a few
modeling approaches have been made (e.g. Spyridaki, A. and M. Lazaridis, 2003;
Sotiropoulou et al., 2004).

This study involves the determination of PM;y, PM, s (and their chemical constituents) and
PM_oarse concentrations in the GAA, using the three-dimensional, eulerian model REMSAD
(ICF Consulting, 2002). The photochemical mechanism used is the micro-CB-IV (Gery et al.,
1989), the MARS-A algorithm (Binkowski F.S. and U. Shankar, 1995) is implemented for the
formation of the secondary inorganic PM in the atmosphere, while the secondary organic
aerosol formation is simulated by the Pankow approach (Griffin et al., 1999).

From the experimental studies, the measurements in the framework of the MEDCAPHOT-
TRACE experiment (Eleftheriadis et al., 1998) were the only appropriate and available for
comparison purposes, as they are chemically analysed for specific days. An additional
advantage for using these data is the absence of the construction activity for the Olympic
games during this period, which would induce additional particle loading, that could not be
easily simulated.

NUMERICAL DOMAIN AND DATA

The simulation domain on which the PM concentrations are estimated is 164km x 134km
(2km x 2Km). The days that are chosen for the atmospheric simulation of the GAA is the 14th
& 15th of September 1994. The temperature in the centre of Athens, during the selected days
of simulation varied from 20°C to 34°C, the relative humidity ranged from about 30% to 60%,
the wind speed didn’t reach 6m/s and the wind direction was around 270deg (from SW to
NW) after 12:00am. Suppan et al. (1998) found these days to be characterized by strong sea
breeze circulation (15/09: typical sea breeze), which combined with the poor ventilation in the
area, are responsible for the occurrence of pollution episodes (Ziomas et al., 1995a).

The meteorological fields and the surface characteristics of the simulation domain that are
required for REMSAD are provided by MMS5 (Anthes et al., 1978), the transportation and the
point emissions are provided by the Ministry of the Environment, NH; biogenic emissions
where calculated by Sotiropoulou et al. (2003) and the rest biogenic emissions are based on
calculations that are extensively analysed by Bossioli et al (2004). The absence of information
on the size and chemical speciation of the emitted aerosols (necessary input data for
REMSAD) was overcome by making approximations based on literature (CARB, 2003;
Bolzacchini et al., 2003; Prosmitis et al., 2003).
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REPRESENTATION AND RESULTS
In order to evaluate REMSAD, measured data for gaseous and particulate concentrations are
compared with the estimated values. The average daily values available for the 14™ and 15"
of September 1994 refer to nitric acid (HNO3), nitrogen dioxide (NO,), sulphur dioxide (SO,),
sulphate (SO4?), nitrate (NOs) and ammonium (NH,"). Figure 1 presents the comparison
between measurements and calculations.
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Figure 1. Observed (Eleftheriadis et al., 1998) and predicted (REMSAD) mean daily values of
gaseous (a) and particulate (b) pollutants at an urban/traffic station (Patission ave.) in
Athens, for 14 &15/09/1994. The standard deviation of REMSAD concentrations is based on
the hourly-calculated values.

The comparisons for HNOs; and NO;™ seem to be problematic, with the measured values being
underestimated and overestimated, respectively. According to measurements at Ispra, within
the framework of the EMEP (Lazaridis et al., 2001), apart from HNO; conversion to
ammonium sulphate by ammonia, HNO; is also absorbed onto alkaline aerosol particles.
Correspondingly, Eleftheriadis et al (1998) underlies that in the GAA, marine calcium
carbonate acts as a neutralizing agent for HNO; with simultaneous formation of aerosol NO3
(in the coarse fraction of PM). As REMSAD does not include the above chemical reaction,
this is the most likely explanation for the observed differences.

NO; and SO, are calculated with great accuracy (mean absolute normal gross error: 8.6%,
9.5%, respectively), accepted by the Quality Objective of the European Directive (accuracy
50% for the annual averaged values for PM;, and the daily average values for other

pollutants; the accuracy for PM;, daily averages is not yet defined, European Community,
1999).

The predicted SO4~ concentration for the 15" of September is slightly underestimated, but on
the 14™ it seems to be a great underestimation. Particulate SO4~ shows two peaks, one in the
coarse mode associated with sea salt and one in the fine mode (Finlayson and Pitts, 2000).
Since REMSAD does not simulate the creation of seaborne (coarse) aerosols, an
underestimation of the predicted (fine) concentrations is expected.

Finally, NHj3 daily average concentrations are compared with those calculated by UAM-

AERO for the 25th of May 1990 (Pilinis et al., 1993) and the measurements by Kirkitsos and
Sikiotis (1993), which both refer to the Athens City Centre. The predicted value by REMSAD
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is 2.15pgr/m’ (st. dev.=1.76pgr/m’), very close to the UAM-AERO calculations (2.48 pgr/m®)
and to the 24-h mean measured value of NH; concentration during March and April of 1989
(2.39ugr/m’). Therefore, it is concluded that since the basic constituent of particulate NH," is
well estimated, NH4 " overestimation has only to do with the inclusion of S04 and NO5

concentrations, as calculated by REMSAD (total NH, = [NH4],SO4+ NH4NO:3).

As it is illustrated in figure 1, SO47 is the main constituent of the inorganic fraction of PM
followed by NH;" and NOs. This was also observed by Eleftheriadis et al. (1998) and Siskos
et al. (2001) for the GAA, suggesting that secondary aerosol formation arising from primary
gaseous emissions is an important source of inorganic aerosols.

The sum of the calculated carbon particulate species is a big portion of PMo and complies
with the aerosol characterization of PM inside the EMEP framework (Lazaridis et al., 2002).
The main constituent of the calculated particulate carbon is primary organic aerosols (POA),
followed by primary elemental carbon (PEC) and secondary organic aerosols (SOA). The sum
of the organic aerosols is the majority of carbon species, which is characteristic of urban areas
(Lazaridis et al., 2002) and the predominance of the organic fraction is also measured by
Scheff and Valiozis (2003) and Prosmitis et al. (2003) and indicates the importance of vehicle
emissions in the GAA.

The calculated PMarse fraction represents about 15% of the daily average PM, in the GAA,
which contradicts its 50% participation, according to measurements by Chaloulakou et al.
(2003). It is believed that the absence from REMSAD of the wind-driven and traffic-induced
resuspension and of the seaborne processes and ionic species (Na', CI), justify the
underestimation of the calculations and cannot confirm the observed contribution of road dust
and seaborne aerosol to the PM regime in the Athens atmosphere (Eleftheriadis et al., 1998;
Siskos et al., 2001).

Figure 2 presents the spatial distribution of PM;o concentrations at 9:00 and 21:00 LT
(14/09/94). The intense anthropogenic activity during the morning hours causes the high
levels of PMjq in the centre of Athens (about 50pgr/m’), while at the Thriassion plain
(industrial area) concentration reaches 80pgr/m’ due to industrial activity and at the harbor of
Pireas a combination of industry, marine vessels and circulation results in elevated aerosol
pollution (about 80pgr/m’). The contribution of the industrial activity combined with the wind
fields in the GAA is more profound at the night hours and it seems to affect an extended area.
The elevated PM) levels at night are also ascertained by data processing of hourly PM;g
concentrations measured by the National Ministry of the Environment and are attributed to
the lower mixing height during these hours.

A sensitivity analysis was made, in order to assess the role of industrial emissions in the
GAA. Due to the extended dispersion of the point sources in the area of interest, the industrial
activity combined with the wind fields, influences the whole GAA. The PM;, regime around
the Thriassion plain is exclusively owed to the point sources, while even in the centre of
Athens the role of transportation emissions on the 15™ of September (typical sea breeze) is
confined to 37% of the total activity.
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Figure 2. Spatial distribution of PMjy concentrations (ugr/m’) at 9:00 and 21:00 LT
(14/09/94) in the GAA. The black mark indicates the centre of Athens (Patission avenue).
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