A multi-analytical approach to assess the impact of air pollution on cultural heritage: degradation of stones, mortars and bricks
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Abstract (300 word limit)
Air pollution is one of the most important causes of surface decay in urban environment. Among the degradation processes due to airborne pollutants, the formation of black crusts is one of the most dangerous one. Currently, emissions from mobile combustion sources are the main agents responsible for pollution, although a significant decrease is expected in Europe within the next decade. The surfaces of architectural heritage in urban environment are exposed to degradation due to the interaction with atmospheric pollutants both in gaseous and in particulate phase. Monuments located in the historic centres of large cities are subjected to typical anthropogenic emissions. The precise identification of the main substances responsible for the surface degradation phenomena, in particular leading to blackening, erosion of carbonatic matrices and disintegration, is essential for the definition of conservative intervention and maintenance strategies, as well as for the development of emission reduction policies on a larger scale. 
Stones, mortars or bricks specimens have been sampled in Mlian from monuments of historical interests and analyzed by a multi-analytical approach including FT-TIR spectroscopy, atomic emission spectroscopy (ICP-OES), ion chromatography (IC) and electron microscopy coupled with energy dispersive X-ray spectroscopy (SEM-EDX). The characterization of the carbon fraction (organic carbon, OC, and elemental carbon, EC) was performed using a new approach based on a thermal protocol and on the use of CHN analysis and thermogravimetric analysis (TGA). Data acquired on the specimens have been compared with those collected by the regional environmental protection agency (ARPA Lombardia) in order to assess, also through the use of  dose-response functions, the degradation phenomenon that occur.
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             Fig. 1 two images acquired on an area affected by the presence of black damaged layers 
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nev e rtheless, beca use of r u n-of f a nd w ind e rosion,itisquite dif f icu l t t o m ak e a precise estimation. Th e de po si ts i n so me ca se s we re ce me nt edinthesurface, fo rm in g a bl ac k la ye r (F ig . 1 ). T he pl ac em en tofthesampling pointsalongthefourfaçade(namelyAulaMagna,Chiesa, Crociera,Ingresso)isshowninFig.2.Inthetext,the12 analyzedsamplesareidentifiedwithanacronyminclud- ingthenameoftheprovenancefaçade(AM,C,CRandI),the correspondingcardinalpoints(southwest=SW,northwest= NW,northeast=NE,southeast=SE)andanidentification code(forexample,SW-AMFS,SW-AMRS1,etc.) (Table1). Inorganiccomponentsanalyses Ionchromatography(IC)hasbeenemployedforthequantifi- cationofthemaininorganicconstituentsofthedeposits. About2mgofpowderhasbeenplacedinatesttubeand treatedwith10mLofMilliQwater.Thesolutionshavebeen sonicatedfor1h,thencentrifugedfor30minandinjectedfor ICanalyses.Measurementsofcationic(Na+,K+,Ca2+,Mg2+ andNH4+)andanionic(NO3−,SO42−,Cl−)specieswere carriedoutbyusinganICS-1000HPLCsystemequipped withaconductivitysystemdetector.Anionanalysiswas T ab le 1 A na ly ze d sa mp l es of po wd er de p os it s: f or e ac h sa mp l e, th e s id e of t he Ri c hi ni c ou rt ya r d w he r e it w as sa m pl e d is in di ca t ed Sa mp l es Provenancefaçade SW -A M FS AM—AulaMagna SW -A M RS 1 AM—AulaMagna SW -A M RD 3 AM—AulaMagna NW -C FS 1 C—Chiesa NW -C RS 3 C—Chiesa NW -C RD 2 C—Chiesa NE -C R RS 1 CR—Crociera NE -C R FS 1 CR—Crociera NE -C R FD 1 CR—Crociera SE -I RD 1 I—Ingresso SE -I RS 1 I—Ingresso SE -I F D2 I—Ingresso Fi g. 1 A vi e w on t he Au l a Ma gn a f aç a de in th e Ri ch i ni Co ur ty a rd , M il an ( o n th e t op ) a nd tw o i ma ge s ac qu ir ed on an ar ea af f ec te d by th e pr es en ce o f bl ac k da m ag e d la ye rs ( on t he bo tt om ) En vi ro n Sc i Po ll ut Re s Author's  personal  copy


