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Black crusts represent one of the most widespread degradation phenomena on stone surfaces exposed to the 

outdoor environment and protected from washout. The metal-rich carbonaceous particles which compose 

particulate matter (one of the major air pollutants) play a key role in the formation of these dark patinas by 

catalyzing the sulphation of the calcareous substrate leading to the formation of gypsum. Numerous source 

apportionment studies carried out on particulate matter highlight the possibility of determining the pollutant 

sources based on the elemental composition of the particles [1]. For this reason, elemental analysis on black 

crusts has been carried out throughout the years to determine the main pollutant sources of the surrounding 

areas and put forward targeted mitigation strategies for the protection of cultural heritage.  

However, the most employed analytical technique for these studies is Laser Ablation Inductively Coupled 

Plasma Mass Spectrometry (LA-ICP-MS) [2], which requires extensive sample preparation, including the need 

to retrieve part of the black crust from the monument. In this context, Laser-Induced Breakdown Spectroscopy 

(LIBS) may represent a valid alternative, due to its micro-destructive nature and the potential for in-situ 

applications. Another advantage of LIBS is the possibility of performing stratigraphic analyses to determine the 

in-depth distribution of metals and other elements. To date, few studies have been performed on black crusts 

using LIBS [3,4] and none of them assess the ability of this technique in recognizing the main pollutant sources 

by evaluating the presence of tracer elements.  

In this study, black crust samples were collected from the Monumental Cemetery of Milan (Italy) in order to 

assess the ability of LIBS in recognizing the main pollutant sources of the surrounding area (surface analysis) 

and their variation throughout the years (stratigraphic analysis). Indeed, Milan is one of the most polluted 

European cities and the sampling area is located less than 1 km way from the second main railroad of the city, 

as well as being at the center of numerous heavily trafficked arterial roads. Therefore, railroad and vehicular 

traffic represent two significant pollutant sources, which are characterized by several tracer elements 

(markers). Only previously detached samples were taken for analysis from funerary monuments, enabling 

precise dating of the crust and of the years of pollutant accumulation.  

LIBS surface analysis proved successful in identifying the main tracer elements of railroad traffic (Fe, Mn) and 

vehicular traffic (Ti, Zn, Cu, Cr, Ba). Also, using CaF molecular bands it was possible to identify the presence 

of fluorine for the first time in black crust sample analysis. This element is used as a flux in the production of 

steel, which is the main component of train wheels and rails. Moreover, stratigraphic analysis of the four 

elements found in all samples (Fe, Mn, Ti, Ba) showed a decrease in concentration from the surface towards 

the bulk of the crust, giving interesting insight into the variation of the impact of pollutant sources throughout 

the years.   
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