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PLANTS IN APULIA, SOUTHERN ITALY
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Abstract: An air quality modelling system has been useditoulate the atmospheric dispersion and deposdfodioxins and furane
(PCDDI/F) emitted from different industrial sourceger the Province of Lecce (So-East ltaly). The system couples the progn
meteorological model RAMS, the micrometeorologicabdel CALMET and a dispersion model CALPUFComparison between
deposition measurements and predictions showsthhamnodel reproduces realistically the depositiattguns. Dry depositic of particle-
associated PCDD/F extends mainly in the southerrctdors downwind of the sources following the préimgi wind directions cthe area.
Wet deposition of particleassociated PCDD/F is confined to the immediateniticiof emission sources and it is asated with the highest
PCDD/F deposition values. Sensitivity analysis ssgg that model simulations are very sensitiveheoparticle size disbutions which
highly influence the dry and wet deposition vel@st Measurements of the size distributif particulate PCDD/F are thus recommen
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INTRODUCTION

Adverse health effects of polychlorinated dibe-p-dioxins and polychlorinated dibenzofurans (PCDD/# well known.
The knowledge of their presem in the environment is linked to many factorsngeemissions in the atmosphere fr
localised sources one of great concern to evapumialation exposure. A major issue is the arempgict of major emissic
sources, that is where epidemiologicaldies should be conducted. Furthermore, it is ingrdrto know whether PCDD;
deposition at a given location is due primarilyidoal sources or distant regional/global souraesuipport local authcties
in their air quality management. In this stuan air quality modelling system is used to simutageatmospheric dispersi
and deposition of toxics emitted from industriausmes during a field campaign in order to estintag contribution o
single emission source to the measured depositita

THE STUDY AREA

The Province of Lecce is located in the s-eastern part of Italy, and is surrounded by twdediint seas, the southe
Adriatic and the northern lonian Sea, connectedhigyOtranto Strait (Figure 1). The peninsula istemarrow, sice its
longitudinal axis is about 100 km long in the I-SE direction and the transversal axis is4B0km wide on average. Tl
topography is quite flat with small hills: the maxim altitude (less than 200 m) is along the cemixa of the southernart.
Two prevailing wind regimes characterise the atka:most frequent one is associated to wind doadiiom NW-N, the
second one is associated to wind from the soutipeadrant

Figure 1.The area of study with the sampling location-S7 and industrial emissions-14

Four PCDD/F emissions have been individuated whiely mvest the area: an incinerator and a cementl&dated in the
centre of the domain, a coal power plant lociabout 30 km from the northern provincial boundary.ecce to the north,
sinter plant located in the municipalities of thity ©f Taranto, about 40 km from the nc-western boundary of Lect
province. Table 1 summarizes the main charactesisti thefour industrial emissions

Table 1. Source characteristics

Stack heigt Stack diameter| Exit temperature| Exit velocity PCDD/F Emission
(m) (m) (K) (m/s) (I-TEQ ng/s)
I1 | Incinerator 40 2.5 425 10 1400-3.3
12 | Cement kiln 87 5 408 10 1.72
I3 | Coal power plant 200 6.7 358 20 0.5
14 | Sinter plant 210 8.9 409 16.6 102.5
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From June 2008 to July 2009 bulk deposition samgia® collected every month and simultaneously, sites distributed
along the area (Figure 1). S1, S2, S3 are placadhdr|l and 12 industrial sites. S4- and S5 clas¢he most important
harbours of the area, S6 is downwind 14 and 13 simiss considering the prevailing wind directiorttod area.

PCDD/F emission rates for 11, 12 and 14 were meaburg ARPA-PUGLIA, while for I3 was derived from ligture.
Regarding emission I1, it is necessary to undettia¢ after the first PCDD/F emission rate measurésn@ang-TEQ NM?),
the incinerator was immediately shutdown and thestarted up again after some days. During the fiampaign, there
were many start-up and shut down periods whichcchalve given particular risks for high dioxin enoss. (De Fré and
Wevers, 1997)

THE MODELLING SYSTEM

The modelling system couples the prognostic metegital model RAMS (Regional Atmospheric Modelling s&m,

Pielkeet al, 1992), the micrometeorological model CALMET (®git al. 1992) and a dispersion model CALPUFF (Seire
al. 1992). RAMS wind fields are used as input for theL®W&T model which provides all boundary layer inpatcessary
for CALPUFF. All four different sources have beemsidered. Due to the high sensitivity of deposifilox to precipitation,
measured precipitation data were also integrat€@NhMET.
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Figure 2.Modelling domain and the simulation nested grids

The simulations with the RAMS model have been peréat in a two-way nested grids configuration withetéhgrids. The
coarsest grid has a resolution of 40x40 horizagrdl points with a grid spacing of 24 km; the mexdigrid has a resolution of
82x70 horizontal grid points and a grid spacin® &m. Two inner grid were then considered: gridc@atered in the Province
of Lecce with a resolution of 110x120 horizontatigroint with a mesh of 500m and grid 3b centeregr @ larger domain to
include emissions outside of the area of study 8@kQ0 horizontal grid points and a mesh of 2km.

The vertical atmosphere is subdivided into 25 evéth different thicknesses, from 100 m near timfase, gradually stretching
up to a maximum of 1000 m at the top. For initiadl doundary conditions, the Isentropic Analysist&ys(ISAN) package (the
module of RAMS for the generation of data analysesjsed. Initially, analyzed fields are based o BECMWF (European
Centre Medium Weather forecast) grid datasets.yEgdrours, the lateral and the top boundary carmlitiare updated in the
coarsest grid, by using the ECMWEF grid datasetsrizdntal domains and grid sizes have been desitaiénl into account
both computational time limitations and the capghilf the model to resolve essential mesoscaleifes. The source categories
differ in terms of source characteristics (e.gclstaeight, plume buoyancy etc), PCDD/F congenefilerand particle size
distribution. Dioxin emissions from combustion &and both in the vapour phase and adsorbed oatsuitiace of particulate
matter, so the characteristic atmospheric trawthdce will depend on their gas/particle partitignithe particle size distribution
for particulate and deposition characteristicsh& gaseous and particulate congeners. Due to ¢tkeofadata of PCDD/F
specific particle size distribution for the emissgpurces we adopted a two-step procedure accaaliBgsham and Whitwell,
1999, Kaupp and McLachlan 1999, Lorletral. 2000, Lohman and Seigneur, 2001; Sttital. 2006; Wuet al. 2009). Firstly,
the emitted amount of each group of congeners ®fIBIE was split into vapour and particle state, etfarence temperature of
20°C (see Table 2). This step allowed for an esiimaf dioxin-specific particle-bound emissionesin g &.

Table 2. Assumed particle/vapour partition for PGBPongeners

TCDD PCDD HXCDD HPCDD OCDD TCDF PCDF HXCDF HPCDF OCDH

0.49 0.87 0.97 0.99 0.998 0.53 0.80 0.945 0.985 980.9

Then, the dispersion of the contaminated particlas computed according to particle size distribuagsumption from the
literature for each industrial plant type. Thredfedlent classes (ranges of particle sizes) wereinasd, with different
reference diameter and washout coefficient. Toulzsgances were partitioned over the three clagsgisen percentage, as
shown in Table 3. The dry deposition velocity wasat 0.46 cm/sec.

Table 3. Assumed patrticle size classes.

Class Fraction mass Diametamn) Washout Coeff. (1/s mm fir
Category 1 i 88 % 1 0

Category 2 2-1m 9 % 6.78 0.0046

Category 3 > 10m 3% 20.0 0.0066
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RESULTS AND DISCUSSION

As stated above, deposition amount and spatianpatdepends highly on meteorology and precipitatéggure 3 shows tk
relationship between averaged deposition over dngptes, for each sampling monthly period and cpoedent amount ¢
precipitation recorded at the meteorological surface steclose to S1.
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Figure 3.Average PCDD/F flux deposition over a# gamples vs cumulated precipitation at s1

Due to the sharp difference at lows-and at high precipitation amount regintwo casesre here reportecCase 1 (from 24
July 2008 to 22 August 2008) is characterised Isenbe of precipitation, and Case 2 (from 23 Decer20@8 to 22 Janual
2009), when about 450 mm of cumulated precipitasiorount in one month was record

Case 1 In this period, PCDD/F deposition fluxes recorded aisample sites were lower than 0.05 W-TE pg/nt die
except for the sample placed in site S1 that regigt2.73 PCDD/F WH-TE pg/n? die.

Figure 4 shows the daily average deposition maiaission ource |1, considering RCDD/F emission ratof 0.1ng-TEQ
NM=3. The modelling runs appear to have correctly ifiedtthe southern quadrants as being areas ofbktgimpact. Tabl
IV summarizes the predicted contribution from diflet sources for eacsample Because of the above mentior
uncertainties of emission I1 a range of valuesdscated for this emission source. This accounkg fon measured emissn
rates and not for the shdbwn and startup periods. Results evidence as depofiuxes associated to the other indust
sources are negligible.

Figure 4.Simulated deposition fluxes of PCDDMWHO-TE pg n? die) for industrial source I:

Table 4 Measured deposition data and predicted contribdtiprach emission source. Ca:

Measured Predicted Predicted Predicted Predicted
( WHO-TE pg/m2 die) (WHO-TE pg/m2 die) ( WHO-TE pg/m2 die) (WHO-TE pg/m2 die (WHO-TE pg/m2 die)
11 12 13 14
S1 2.73 0.1-40 0.002 0.01 0.08
S2 0.02 0.005-2 0.002 0.01 0.08
S3 0.01 0.0001-0.04 0.002 0.00 0.07
S4 0.04 0.0001-0.04 0.01 0.01 0.08
S5 0.01 0.0001-0.04 0.0005 0.02 0.09
S6 0.00 0.0001-0.04 0.008 0.01 0.06
S7 0.01 0.0001-0.04 0.00001 0.02 0.2
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Case 2 PCDD/F deposition fluxewere higher than 3 WHO-TE pgfrdie in most of samples, with values of 18.53
20.96 in S1 and S2 samples respectively. The daibrage simulated deposition map for emission solkc(Figure 5
shows how the wet deposition of part-associated dioxins is confined to the immediatinity of the emission, leading -
high deposition values.
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Figure 5. As in figure 4, but for case 2

Table 5 As in Table 4, but for case 2

Measured Predicted Predicted Predicted Predicted
(WHO-TE pg/m2 die) ( WHO-TE pg/m2 die) (WHO-TE pg/m2 die) | (WHO-TE pg/m2 die | (WHO-TE pg/m2 die)
11 12 13 14

S1 19.13 2-16 0.004 0.02 0.08
S2 22.15 1-8 0.004 0.02 0.08
S3 5.71 0.01-0.08 0.004 0.01 0.06
S4 3.80 0.02-0.16 0.007 0.02 0.1
S5 3.52 0.01-0.08 0.005 0.002 0.3
S6 3.22 0.002 0.016 0.001 0.001 0.2
S7 2.57 0.002 0.016 0.004 0.005 0.4

Comparison between measurements and predictionsaiedihat in general the model is able to estimeddistically the
geographicahreas and to some extent the order of magnitutfeeadeposition of emitted toxic substances like PGD@nd
PCB-dioxin like) from industrial stacks in different meerological conditions. In particular, it is evideas the most releve
contribution b the measured PCDD/F deposition in S1 and S2 samafebe associated to the incinerator, as cordimatsn
by the congeners analysis (ARPPAglia, 2009). Sensitivity analysis (not shownelewvas conducted to investigate

effect of various key modéhputs on simulation results. Model simulations aeey sensitive to the dry and wet deposit
velocities highly influenced by particle size distitions. This implies that measurements of thee gizstribution of
particulate PCDD/F are needed. Alst would be essential to evaluate the model witheeixpental data. The design o
field program should include stack measurementPGLD/F emissions including particle size distributi@mbient
measurements of PCCD/F atmospheric concentrationgndpavd downwind of the source with particle size disitibn,
deposition measurements and meteorological measatemear the ground and al
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