
Andrea Colombo, Emilio Benfenati, Marco Lodi andRoberto Fanelli

Mario Negri  Institute for Pharmacological Research - Via  Giuseppe La Masa19 - 20156 Milan - Italy

D

A B

C
MSWI

INTRODUCTION

�ƒ In the presentstudya municipalsolidwasteincinerator(MSWI) emissionandambientair samplesin
four surroundinglocations(ZoneA,B,CandD)weresimultaneouslycollected.

�ƒ The MSWI investigated is located in an highly industrialized area and it consisted of three
independentincineratingunits,eachwith its own heat recoverysystem. It is equippedwith semidry
limesorbentandactivatedcarboninjectionsystemandfabricfilters (FF).

�ƒ Priorto stackreleaseto the atmospherethe gasis treatedwith scrubberliquid blow downs. PCDD/Fs
were measuredand expressedas TEQconcentrationsaccordingto the international (I-TEF) and
World HealthOrganizationtoxicity equivalentfactors(WHO-TEQ)schemeswerecalculated. In recent
yearsthe levelsof PCDD/Fsemitted by MSWIhavebeenfrequentlyusedto detect andquantify the
atmosphericconcentrationsof thesepollutantsin zonesnear to MSWIandusedasindicatorsof the
qualityof the air.

�ƒ Oneof the aimsof were to assessthe impact of the MSWIemissionson PCDD/Fair levelsand to
distinguishthe contribution of the MSWIfrom other local emissionsourcesof the area. Principal
componentanalysis(PCA)wasusedto comparethe �^�(�]�v�P���Œ�‰�Œ�]�v�š�_of the PCDD/Fhomologueprofiles
of samplesanalyzedand samplesrelated to known sourcesof emission. PCAis a very powerful
multivariatedataanalysistechniquefor findingsimilaritiesbetweensampleswith by a largenumber
of variables,andit hasbeen frequentlyusedto identify the originof PCDD/Fcontamination.

TRIESTE

MATERIALS& METHODS

�ƒ Thestackgasesof the MSWIwere collectedusingequipmentcompletelybuilt in glass. Ambientair
was sampledat the four sites A, B, C and D (Figure1), selectedon the basisof meteorological
informationin order to evaluatethe potential impactof the MSWIandother localsources.

�ƒ Sampleswere extractedwith organicsolventsin a Soxhletapparatusandseparatedfrom interfering
componentsin a multistageseparationprocesswhich included a purification step by an Extralut
column(70-230mesh; Merck; Darmstadt,Germany)loadedwith concentratedsulphuricacid(98%),
andfurther purificationanneutralaluminacolumns(Merck).

�ƒ The 2,3,7,8-chlorine-substituted congenersand the homologuesof each chlorination classwere
detectedby a TRACEGC2000, ThermoFinnigan(ThermoFisherScientific),coupledwith a Mat 95 XP
MassSpectrometer,operating in the electron impact ionization (EI+)mode, at 10,000 resolution
power. International ToxicEquivalent(I-TEQ),with the more recent toxic equivalent factors (TEFs)
revaluatedby the WorldHealthOrganization(WHO)in 2005(WHO-TEQ2005), havebeenused.

�ƒ Samplesrelated to knownemissionsourcesof PCDDs/Fsto includein the PCAmatrix were selected
on the basisof knowledgeof the potential sourcesin the area. PCDD/Fhomologueof thesesamples
and of thoseobtainedin the presentstudywere organizedinto a matrix havingn objects(samples)
and p variables(PCDD/Fhomologuesvalues),normalizedto the total concentrationof PCDD/Fby
expressingeachhomologuevalueasa percentageof the sumof the total PCDD/Fbefore PCA. The
Simca- P8.0 package(UmetricsAB,Umea,Sweden)wasusedfor the analysis.

RESULTS& DISCUSSIONS

�ƒ Resultsfor the MSWIemissionindicate that the PCDF/Fconcentrationrangeis in eachcaselower
than the emissionlimit (0.1 ng-TEQ/Nm3) adoptedfor the MSWIin Italy.

�ƒ Averageair PCDD/Fconcentrationsexpressedas TEQconcentrations,were 0.14 pg/m3 at the
locationA, 0.05 pg/m3 at the locationB, 0.03pg/m3 at the locationCand0.02pg/m3 at the location
D. Concentrationsexpressedassumof PCDDsandPCDFswere5.6 pg/m3 at the locationA, 2.0 pg/m3

at the locationB, 1.8 pg/m3 at the locationC, 1.2 pg/m3 at the locationD.

�ƒ Many of the samples collected are characterisedby high levels of lower chlorinated furans,
tetrachlorinated furans (TCDF) and pentachlorinatedfurans (PnCDF). This pattern is completely
different from the fingerprintof the MSWI.

�ƒ Figure2 shows the averagePCDD/Fhomologueprofiles of the first and secondcampaigns. The
profiles of the air samplesfor all four locationsseemdifferent from those collectedat the MSWI
chimney,whichhada highercontentof PCDDsthan PCDFs,whereasthe othershada highercontent
of PCDFs,particularlythosefrom locationA.

�ƒ PCAwasdoneto identify whichother sourcesmight be responsiblefor PCDD/Flevelsin air samples,
particularly at location A. Data from the local steel factory (provided by the factory itself), air
samplesfrom a road traffic tunnel (Oehmeet al., 1991), emissionsfrom the MSWIand air samples
from the first andsecondmonitoringcampaignsof the presentinvestigationwereused.

�ƒ Figure3 gives the resultingscoreplot of the PCA,with the samplesincludedin the analysisshownin
the spaceof the first and secondcomponent. Thesamplesrelated to different sourcesform three
clearclusters: the oneon the right includessamplesof emissionsfrom the MSWI(�‡); the oneon the
left includessamplesfrom the local steel factory (�v) and the third one, in the upper part of the
figure, groupssamplesfrom the road traffic tunnel are located (�x ). Thus,PCAmakesa very clear
distinctionbetweensamplesfrom different sources,showingthat the three homologueprofilesand
consequentlythe type of emissionarecompletelydifferent.

�ƒ Air samplesfrom locationsA (�|) andB (�‘ ) are almostall in the secondcluster(steelplant),whereas
the remainingair data from locationsC (�U) and D (�P), are more spreadout but still closeto the
secondcluster. Thus this analysisclearly shows that, regardlessof the closenessto the MSWI,
PCDD/Flevels in air, particularly for location A, where the concentration levels are highest, are
mainlyinfluencedby the emissionsof the steelplant.

CONCLUSIONS

�ƒ The concentrations of PCDD/Fat the chimney and in the surrounding air of a MSWI were
investigated in two different periods. In the first period MSWI consisted of two independent
incineratingunits. In the secondperiod the collectionof the sampleswas replicatedwhen a third
incinerationunit wasalsoin use.

�ƒ The averageconcentrationsof PCDD/Ffrom the MSWI were lower than Italian law limit, while
averageair concentrationswere lower or comparableto other urbancentersaroundthe world.

�ƒ Moreover,this studyhighlightsthat air PCDD/Flevelsin the most contaminatedlocationsare mainly
influencedby the emissionsof the steelplant rather than MSWIanddemonstratesthe usefulnessof
multivariate data analysis,such as PCA,to distinguishamong these different potential emission
sources, which are mainly responsible for contamination. This approach could have positive
implicationsin risk managementand in publicdebateabout the actualweight of different potential
sourcesof PCDD/Fcontamination.
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