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Abstract

The atmospheric dispersion of pollutants emitteditgplaces located in the urban residential afea small town,
Torchiarolo, in the south east of Apulia regioralff), was simulated at micro-scale with the PMS8réfel Micro
Swift Spray) model. Simulations were focused ovgredod of about 13 days during December 2016, WPl
hourly concentration value of 369ug/hmas been measured by local monitoring statiomvestigate the influence of
different local sources and the role of local meteagy on concentration distribution. Simulationeres performed
over a 2,4 km x 2,4 km horizontal domain with a Bionizontal resolution. The comparison of simulatiesults with
measured concentration data shows the importancmi@b-scale dispersion modeling to perform an eateu
assessment of meteorological conditions effecgsadintants distribution, and the ability of PMSSpiroviding reliable
simulation of atmospheric dispersion.
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INTRODUCTION

Torchiarolo is a small town located in the southe&the Apulia region, with a strong agricultuvalcation.
The wide availability of residues in agriculturattigities, particularly referred to residues of fveining

of olive trees and of olive harvesting, encouralgeal population to use biomass as a fuel for doimes
heating.

Although Torchiarolo is not far (6-7 km) from a d@r coal energy plant (ENEL Brindisi), the pollution
caused by PM and other pollutants associated with the biomassibg does not seem to arise from the
power plant, but it rather shows a more significaomtribution from the town itself. PMconcentrations,
measured at fixed monitoring stations, show a glpseasonal pattern, with peaks evident in theewint
months, and a high number of exceedances of tlievatue set for the protection of human healthu@i
R., et al., 2014). Since 2005 the RWvhonitoring, at the urban air quality station, lezhtat via Don
Minzoni, showed very frequently a number of exceeda of the daily limit value (50g/n) higher than
the one allowed (35) for a year.

The present study has been carried out in ordesdess whether the monitoring station, locatechddon
Minzoni, is placed in a concentration hotspot, sti@t the PMy measurements are not representative of
the state of the air quality of the town, and te@omestruct ground concentrations distribution and
consequently the impact of RMand BaP concentrations, produced by biomass mgadléourning
emissions.

These aspects were investigated using a microsegeangian modeling system (Parallel Micro Swift
Spray - PMSS), implemented with a spatial resofutidd 3 m, to assess the direct impact of biomass
residential combustion emissions during the pefieti3 December 2016, particularly critical for the
numerous exceedances observed at the monitoritignsta



SET UP AND DESCRIPTION OF THE MODELING SYSTEM

PMSS (Parallel Micro-Swift-Spray) is a modelingteufor primary pollutant transport and dispersion
simulations; it is based on Pswift, a diagnosti¢enmlogical preprocessor with null divergence dtod,

and Pspray, a lagrangian particle dispersion medgth can run in parallel mode (Oldrini et al. 120. It

can be used for both local scale and microscal@lations, with complex terrain or obstacles such as
buildings directly taken into account (Tinarelligdt, 2013) (Tinarelli et al., 2016).
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Figure 1. Scheme of the PMSS modeling chain used for sirousit

The modeling chain used for simulations consistthofe main modules represented in Figure 1. Daily
forecasts, performed by ARPA Puglia using the WRitleh (Fedele F. et al., 2015) on a domain of 145 x
169 grid points with 4 km horizontal resolution,reeised as meteorological input data. These data we
processed to obtain atmospheric information orbtekground turbulence using the SurfPro preprocesso
and to feed the Pswift processor to produce wield$i at high resolution taking into account thespree

of urban buildings. These information, togethetvétmission data, are the input for the Pspray désme
model.

Emission input data were taken from a specifidsttaal survey among citizens, carried out adopthng
CATI-CAWI (Computer Assisted Telephone Interviewi@gmputer Assisted Web Interviewing)
methodology. The total annual emission of lRKbr Torchiarolo resulted of 44.6 tons per year ara$
equally divided by the number of chimneys deteatettie town.

High resolution cartographic data, such as locatineof 681 fireplaces (identified by photointerfaon
of satellite image), 3D reproduction of buildingsdahigh resolution reconstruction of local orognaph
were used to accurately reconstruct the emissistnifalition.

The domain used for dispersion simulations hadkéansion of 2.4 x 2.4 kicovering the whole urbanized
area with 800 x 800 cells in the x and y directioith a 3 m horizontal resolution.

The domain was divided into 4 tiles (Figure 2) pead up a parallel computation which was realized o
the RECAS HPC, a Data Center implemented by INBht(to Nazionale di Fisica Nucleare) and Physics
Department of Polytechnic and University of Bdntits://www.recas-bari.it/index.phpjit/
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Figure 2. Computational domain, divided into four tiles, useddispersion simulations.

RESULTS AND DISCUSSION

In order to take into account the contribution tifes sources and atmospheric processes not reprdsen
the model, but which determine the background EwélPMy in the simulation area, modeled data have
been added to the concentration values derived &omonitoring station (Lendinuso), managed by ARPA
Puglia, located near the adriatic coast at amistaf about 4 km from the study area.

The comparison (Figure 3) between the time seffigmorly PMip data measured by the two monitoring
stations in Torchiarolo (located at via Don Minzanid at via Fanin, see Figure 2) and the moded¢al d
(including background) extracted at the equivalgid points is more than satisfactory, highlightitg
ability of the PMSS system to reconstruct the istion of the pollutant within the simulation doima
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Figure 3. Comparison of the time series of B\oncentrations measured by the control unit at Morzoni (top)
and Fanin (bottom) and the time series of the nemblebncentrations (included background) extracteldea
corresponding points grid, from 1 to 13 December&20



In particular, the comparison at the via Don Minzsampler shows that the model is able to reproduce
quite precisely the peaks of concentration, witmedalifferences in the amount of concentrationglsly
underestimated by the model), particularly 8h 2" and 3' December. Such differences may be due to a
variety of causes, such as the approximations rmatfe emission estimation attributed to each cleynn
the intrinsic errors in sources identification thgight have introduced an inaccuracy in the estonatf

the number of chimneys, or the uncertainties oftheyaforecasts. The comparison of the hourly series
measured and modeled concentrations at the pairgspmnding to Fanin's station is very good too.

Table 1 summarizes a statistical evaluation of rhpddormances. Essentially model results are sbesi
with the observations and performance indexes aite good.

Table 1.PM10 forecast evaluation and skill scores analgsi#licroSPRAY model over the entire period
considered for simulation (1-13 December 2016)

Station Xmean Xmean R BIAS RMSE NMSE MFB MFE
obs mod (ng/m?) (ng/md)
(ng/m?) (ng/m®)
Don Minzon 62,91 50,6( 0,72 -12,3( 41,9: 0,5¢ -0,2¢ 0,3¢
Fanir 34,8t 31,3¢ 0,54 -3,4¢€ 23,2¢ 0,5(C -0,0€ 0,21

Validation results show a negative bias, that geeked considering that Micro-SPRAY does not taie i
account secondary pollutants. A further evaluattdrmodel results has been obtained by calculating
indexes MBF and MFE, which are good indicatorsBto as suggested by Boylan and Russell (2006).
Model performance criteria for Pilvalidation (IMFB|< 0.6, MFE< 0.75) is largely verified by both
indexes.

Ground distribution maps of Piyland BaP average concentrations over the simufsgdd (Figure 4),
show that this period (particularly critical fromnaeteorological point of view for the poor dispersiof

pollutants placed on the ground) has been chaiaeteby a generalized pollution situation, bothFdho

and BaP, which has widely affected the whole urbedhiarea of Torchiarolo.

Figure 4. PMuo (on the left) and BaP (on the right) map distribntof avarage concentrations, modeled on the entire
period considered for simulation (1-13 December6201

The ground distribution of the PlMlaverage concentration over the simulated perisd sthows that the
monitoring station at Via Don Minzoni is locatedane fairly wide area, characterized by concermnati
between 50g /m? and 57.g /m®. Moreover, in the south-eastern part of the urdm@a of Torchiarolo (tile

3), there are largest areas with similar or eveghéni concentrations than those modeled at Via Don
Minzoni.



These considerations lead to the conclusion that igsfound by the monitoring station at the Domktini

site can be representative of what is happeninguoh of Torchiarolo's urbanized area. A more refine
analysis of the model output obtained separatiegctintribution of emissions at different distanfresn

the monitoring station shows also that closer eionssare responsible only of a minimal part of tibgal
concentration, so the emissions coming from thé&eemdbwn must be taken into account to reach the
measured peaks.

The average BaP concentration map for the perid ft to 13 December is similar to that of RjMeven
in this case the exceedance of the limit valueg/im8) affects in general the entire urbanized angth,
higher values located in the south part of the donfaom the maps, it is also evident a more proraiad
BaP impact over the urbanized area with respettetsurroundings compared to the PM10 that is &ftec
by larger background values, setting in evidenceentocalized effects for the inhabitants due tc thi
pollutant.

CONCLUSIONS

In this modeling study, conducted with the PMSSroscale model, the direct impact of BMind BaP
emissions produced by the biomass burning for easidl heating was reconstructed on a simulation
domain covering the whole urbanized area of Tordfgewith a 3m resolution and for a period of 1¥sla
The ground distribution concentrations maps ofdtagistical indicators contained in D.Lgvo 155/2010
provided by the PMSS microscale model for the satad period, show a widespread pollution situation
which interests all the urbanized area, indicathmgybiomass burning for residential heating as gdext
source of modeled exceedances of the daily limiteza

The analysis of these maps highlights how the monig site at via Don Minzoni does not actually
constitute a precise hotspot, since the conceotrstiere modeled are very similar to those of cdheas

of the town. Therefore, it can be assumed that vehftund at the "Don Minzoni" monitoring statioarc

be representative of what is happening in otheisaoé Torchiarolo urbanized area, where the madel a
provides more critical issues.
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