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Abstract: Sensitivity of ozone and particulate matter comegions to their precursor emissions (i.e., N®OCs, SQ and NH) on
regional air quality over Athens (Greece) using emmunity Multiscale Air Quality (CMAQ) Modeling yStem is investigated.
Particulate matter concentration is more sensitiveQ and NQ emissions. Gas emitted §@ oxidized to sulfuric acid, which reacts with
ammonia to form ammonium sulfate while gas emifid, is oxidized to nitric acid, which reacts with ammm| to form ammonium
nitrate. When NQ and VOCs mix in the presence of sunlight groungll®zone is formed. The response of ambient ofomeation to
reductions in NOx and VOC emissions depend or Béhsitive and VOC sensitive regimes.
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1. INTRODUCTION

The Athens Larger Urban Zone (ALUZ) is one of thesimpopulous Larger Urban Zones in the EU with putation of
more than 4 million inhabitants. ALUZ is surroundgdmountains (i.e., Pendeli, Parnitha and Hyasgtwith elevation up
to 1400 m and the coast (south west). Between tmosmtains there are three big physical gaps. A2 mesropolitan areas
in the world, ALUZ faces air pollution problems. &§e problems are the result of high populationitiertee accumulation
of major economic activities, the topography and ittense sunshine, which contributes particulddying the summer
months. Although the concentrations of most politgdi.e., SQ, NO,, CO, Pb, and benzene) were below the EU air quality
limits in 2008 according to the most recent repdrthe Hellenic Ministry for the Environment on ajuality in Athens,
ozone (Q) and particulate matter (PM) remain an issue afceon (http://www.minenv.gr/4/41/g4100.html). Inthys
transportation and heating are the main sourcesr gollution in the area (e.g., Sotiropouleual, 2004). The objective of
this study is to assess the sensitivity of &d PM s (particulate matter with aerodynamic diameter ldsmn 2.5um)
concentrations to their precursor emissions ororegdiair quality over ALUZ. The information providénere will enhance
the ability of air quality managers to consider rampiate emissions reductions in their mitigatidanming.

2. METHODS

The Community Multiscale Air Quality model (CMAQ) (Bw and Schere, 2006) ver. 4.7 with the CBIV chemical
mechanism is used to simulate pollutant concentrat{i.e, @ and PM s) over the modeling domain (Figure 1). The domain
is divided in 103 x 103 cells of 1 km x 1 km regan while 14 vertical layers are employed in tirawdations. The episode
of June 24, 2003 has been selected in order toiegaime responses of;@nd PM sconcentrations to emissions reductions
of NOy, VOCs, SQ and NH. The Fifth-Generation NCAR/Penn State Mesoscale oneliegical Model (MM5) (Grelkt al,
1994) is used to simulate the meteorology whileipgated emission inventory based on our previou& {#otiropoulouet

al., 2004) is employed. A spin up time of one day wsed to wash out errors in the initial conditionsl & emphasize the
physics and chemistry simulated by the model.
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Figure 1: Modeling domain

3. RESULTS AND DISCUSSION

O; concentrations above 70ppbV have been simulatahdrthe city center between 10:00 and 16:00 haimse Q is a
photochemical pollutant. The daily average @ncentration is estimated at 55ppbV with hourlgximum of 84ppbV at
13:00 and 14:00 hours (Figure 2). The daily averalyk ;s concentration is simulated at 13 ud/mith hourly maximum
concentration at 31.6 pgim(Figure 3).

PM, 5 concentrations above 18 ug/are simulated around the city center between 18r@D23:00 hours. The sulfate and
nitrate PM scomponents are dominant.
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Figure 2: (3 daily average (a) and hourly maximum (b) conceiungton June 24, 20

13.0 102 33.0 102
28,0
11.0
25,0
9,0
21.0
7.0 17.0
13.0
5,0
9,0
3.0
5,0
Lo 1 1.0 1
microgram/m**3 1 103 microgram/m**3 1 103
(@) (b)

Fiaure 3: PN\« daily averaae (a) and hourly maximum (b) conceiutnaton June 24, 20

The response of ambient ozone formation to redastic NOx emissions depend on N€ensitive and VOC sensitive
regimes. NOx emissions reduction leads to highscabcentrations around the city center (VOCs limédesgh) (Figure 4).
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Figure 4:A_Os; daily average concentrations for 10% (a) and 30PNOx emissions reduction
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On the other hand, significant reduction in PMoncentrations are simulated for NOx emissionsicgdns, coming from
the nitrate PMs components (Figure 5). Gas emitted N @ oxidized to nitric acid which reacts with amm® to form
ammonium nitrate.
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Figure 5:A_PM,5in daily average concentrations for 10% (a) arfth30) NOx emissions reduction

SO, emissions reduction does not affect I8vels but leads to lower P concentrations (Figure 6). Gas emitted,Si®
oxidized to sulfuric acid, which reacts with amnero form ammonium sulfate. $@missions reduction reduces the
sulphate PMs fraction (e.g. up to 0.9 pgfirof the daily average concentration, for 30%,Sfissions reduction) but
increases the nitrate BMfraction (e.g. up to 0.6 ugfior 30% SQ emissions reduction), as more ammonia is availgble
react with the nitric acid to form ammonium nitrate
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Figure 6:A_PM, 5 in daily average concentrations for 10% (a) arfth3D) SQ emissions reduction

Lower O; concentrations up to 1ppbV and 3.5ppbV are siradlédr 10% and 30% VOC emissions reduction, respalgti
(Figure 7). The reduction of VOC emissions causasnall increase of the oxidant levels and a smalieiase in Plls
concentrations. This small net change is due teases in the inorganic components and decreasks ofganic ones. The
reduction of NH emissions is simulated to not effecf @ncentrations while a marginal local change in,PMvels has
been found.
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Figure 7:A_Gs in daily average concentrations for 10% (a) arth30) VOC emissions reduction

4. CONCLUSION

Control of VOC emissions is simulated to be the nedfgtctive way to reduce £roncentration mainly in the city center of
Athens. Control of NOx emissions is simulated totte most effective way to reduce PMoncentrations but since the
reductions in NOx emissions results in an increds8; levels in the city center (VOCs limited area), teduction in SQ@
emissions is suggested as a better way to be atliopéér pollution mitigation strategy.
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