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Abstract  

 

This study examines the chemical composition of wall paintings and stucco work in the 

Palatine Chapel of S. Anna, housed within the Ventimiglia Castle of Castelbuono, Sicily. 

Employing non-destructive techniques such as X-ray fluorescence (XRF), Fourier transform 

infrared (FT-IR) spectroscopy, and X-ray diffraction (XRD), the research identifies the 

pigments and materials used in the chapel's decorations. The analyses have found that the 

iconic golden yellow background primarily consists of lead- and iron-based pigments, with 

traces of gold. The stucco analysis revealed a composition characteristic of the Serpotta 

school, predominantly featuring calcite, gypsum, and minor quartz. Additionally, indoor dust 

analysis detected significant lead levels, raising concerns about environmental impact and 

cultural heritage preservation. These findings provide essential insights for conservation 

strategies and deepen the understanding of the chapel's artistic and historical significance. 

 

Keywords: Mural painting; Characterization in cultural heritage; Serpotta creation; Indoor  

                  dust analyses 
 

 

Introduction  

 

Chemical analyses of wall paintings are vital in the conservation, restoration, and 

appreciation of cultural heritage [1-5]. These artistic artifacts, such as frescoes and other forms 

of pictorial wall art, hold immense historical and cultural value. By studying their chemical and 

physical properties, researchers can uncover the materials, techniques, and technologies used 

across various historical periods [6]. Such analyses not only aid in preservation but also serve to 

enhance public engagement through exhibitions, publications, and educational programs. 

Although Italy can be considered as one of the most important nations in the context of cultural 

heritage sites, has seen limited application of scientific research techniques in heritage 

conservation has seen limited application of scientific research techniques in heritage 

conservation [4].  
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In this context, the research project "Observing to preserve the Palatine Chapel of S. 

Anna in the Ventimiglia Castle of Castelbuono" (OSANNA) aims at the scientific study of the 

paintings and stuccos of this chapel located inside the Castle of Castelbuono. Castelbuono is a 

little city of 10000 people, situated about 420 meters above sea level, in the beautiful and lush 

Madonie Park and located in the northern part of the island of Sicily, an Italian region, which is 

the largest island in the Mediterranean Sea. The town's roots can be attributed to the 

Ventimiglia family, nobles hailing from the nearby County of Geraci, who built the castle that 

lends its name to the settlement. The Ventimiglia Castle, also known as Castelbuono Castle, is 

the symbol of the medieval village built on the site of an ancient Byzantine farmhouse known as 

Ypsigro. Castelbuono's architectural heritage offers invaluable insights into prevailing artistic 

trends, religious practices, and socio-political dynamics of bygone eras. One of the most 

important monuments of Castelbuono is the Palatine Chapel of Sant'Anna, located inside the 

castle and decorated with elaborate stuccoes by the Serpottian school, manufactured against a 

yellow background. This type of yellow background for Serpota sculptures represents a 

uniqueness. Some studies have been carried out on the Serpotta stuccos [8-9]; however, as far 

as we know, no chemical analyses have been reported for the Palatine Chapel of Castelbuono. 

Generally, for the stucco technique, artists opted for mortars over marble due to their 

significantly lower cost and the ease with which lime plasters could be moulded into various 

shapes [8]. Stucco art is regarded as one of the key expressions of Baroque decorative art in 

Sicily, with the Serpotta family being particularly prominent, and their statues give the 

impression of floating, even though all elements are flush with the wall. Imaging of the Palatine 

Chapel of Saint Anna is reported in Figure 1. 

 

 
 

Fig. 1. The S. Anna palatine chapel inside the castle of Castelbuono 

 

The Church of Saint Anna stands as a timeless testament to the region's rich history. 

Dating back to the medieval era, this architectural gem is not only a place of worship but also a 

symbol of artistic and cultural heritage. For these reasons, the chemical characterization of its 

manufactured goods has a significant impact, not only in the field of cultural heritage but also in 

the context of citizen science.  

Indeed, most of the visitors, thrilled to see the statues against the golden yellow 

background, wonder if the walls of the church are effectively covered in gold. In this context, 

the chemical characterization of mural painting and Serpotta’s stuccos will provide important 

information for researchers and citizen scientists.  

Identifying the elements in the colorants used in ancient works of art is important from 

the [8-9] historical perspective, as well as for the restoration and reproduction of the artwork; 

identifying the elements in colorants is crucial. Pigments are among the most intriguing 
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materials to study, as ancient painters, to obtain the desired color or shade, made use of several 

natural or artificial substances. The pigment identification could be resolved by the use of 

several chemical techniques [10-12]; some of them require big amounts of samples. The 

prerequisite of superintendence of cultural heritage and curators for the use of non- or low-

destructive analytical techniques during the examination of ancient material makes X-ray 

fluorescence spectrometry (XRF) technique an important tool for the analysis of the cultural 

heritage. In this research, XRF was used directly in situ to identify the elements present in the 

paint layers [13-15], while, to obtain information on the preservation of cultural heritage from 

chemical substances, voltammetry and gas chromatographic analyses were performed in indoor 

dust used as a passive sampler for the determination of some heavy metals and polycyclic 

aromatic hydrocarbons, respectively. Indeed, indoor environments can be polluted by platinum 

dust in several ways: as access from outdoor environments, in particular, from vehicle 

emissions; from atmospheric outdoor particulate by wind or shoes; and, at the present time, it is 

well known that car converters are the major source of emission of platinum into the 

environment [16-17].  

On the other hand, candle, wood, and/or fossil combustion are sources of polycyclic 

aromatic hydrocarbons (PAHs), and these environmental pollutants represent a class of 

aromatic compounds forming during incomplete combustion [18-20]. Once absorbed by 

materials, they tend to accumulate [21-22] and are likely to persist for a long time due to their 

stability, low water solubility, and hydrophobicity, especially in organic matrices like wood. 

PAHs can also be found in various matrices, such as the atmosphere [23-24], water [25-28], soil 

and sediments [29-34], but unfortunately, information about the distribution of these pollutants 

in ancient materials is rare [35-38], also by considering the analytical difficulties that may occur 

with archaeological or historical materials.  

Summing up, the primary goal of this study is to conduct an analytical investigation of 

the materials constituting the stuccoes and pigments to determine whether the yellow colors are 

attributed to gold or other types of inorganic pigments. 

 

Experimental part 

 

Materials 

All reagents used were of analytical grade. Hexane, heptane, acetone, and 

dichloromethane were employed for sample preparation.  

A PAHs standard solution containing 20 compounds (500µg/mL) was sourced from 

Supelco (Milano). Calibration standards ranged from 0.3 to 50µg/L, prepared with internal 

standards and stored at 4°C to avoid degradation. Standard stock solutions of Pt and Pb 

(1000μg/mL) were supplied by Fluka (Milano).  

Solutions were freshly prepared to maintain accuracy. 

X-ray Fluorescence (XRF) spectra were obtained using a Tracer III SD Bruker AXS 

portable spectrometer with a Rhodium target X-ray tube, operating at 40 kV and 11 μA. The 

data was analyzed using 1PXRF® and ARTAX 7 software. Fourier-Transform Infrared (FT-IR) 

Spectroscopy was obtained by using the µFT-IR Lumos Bruker spectrophotometer with a 

germanium ATR crystal, which was used to analyze samples within a spectral range of 4000–

700 cm⁻¹. 

X-ray Diffraction (XRD) analyses were performed by a Philips PW 1050/39 

diffractometer employed to determine mineralogical compositions. The Rietveld refinement 

method was applied for quantitative analysis using HighScore® software. 

Voltammetry and Gas Chromatography analyses were performed by Differential Pulse 

Voltammetry (DPV/a) and GC-MS techniques used to quantify platinum, lead, and PAHs in 

dust samples. 
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A PAHs standard solution containing 20 compounds at 500µg/mL (PHAs Mix) was 

supplied by Supelco (Milano). Calibration standard solutions, with concentrations ranging from 

0.3 to 50µg/L, were prepared by diluting the stock solution with a mixture containing two 

internal standards. Both the stock and calibration standard solutions were stored in a refrigerator 

at 4°C to avoid PAH degradation [19]. 

Standard stock solutions of Pt and Pb (1000μg/mL) were obtained from Fluka (Milano, 

Italy), and diluted solutions were prepared daily. All reagents, including HNO₃ (65%) and HCl 

(37%) from Suprapur Carlo Erba (Milano, Italy), were of analytical grade. Daily preparations of 

hydrazine and formaldehyde solutions were made using analytical-grade reagents from Carlo 

Erba (Milano, Italy). Milli-Q water was used for all solution preparations. 

XRF spectra were obtained utilizing a Tracer III SD Bruker AXS portable spectrometer. 

This involved irradiation by a Rhodium Target X-ray tube operating at 40kV and 11μA, with 

fluorescence X-rays detected by a 10mm2 silicon drift X-Flash detector, allowing the detection 

of elements with atomic number Z > 11. A sampling area of 3-4mm in diameter was defined by 

a window. Each spectrum was acquired over a period of 30 seconds. Data acquisition and 

spectral assignment were performed using the S1PXRF® software (accessed via 

https://s1pxrf.software.informer.com/ on 14 April 2023). The fluorescence signal area was 

estimated after deconvolution of the entire spectrum using ARTAX 7 software. Additionally, 

signals from atmospheric Ni, Ar, Rh, and Pd, originating from instrumental components, were 

present in all spectra. 

The micro-FT-IR spectra were recorded using a µFT-IR Lumos Bruker 

spectrophotometer with a germanium ATR crystal. Spectral data were acquired over a range of 

4000 to 700cm⁻¹, with a spectral resolution of 2cm⁻¹ and a scan rate of 120 scans. The area 

analyzed was approximately 50 microns in size, based on the dimensions of the crystal tip. A 

baseline correction for scattering was applied to all spectra, and the data were analyzed using 

OPUS 7.5® software. The stone support and mortars were analyzed using X-Ray 

Diffractometry (XRD) to determine their mineralogical composition. XRD patterns were 

obtained with a Philips PW 1050/39 diffractometer configured in the Bragg-Brentano geometry, 

utilizing Ni-filtered Cu Kα radiation (λ = 1.54056Å). The data were collected over a 2θ range of 

5-90° with a step size of 0.05° and an acquisition time of 5 seconds per step. The X-ray 

generator operated at 40kV and 30mA, and the instrument's resolution (with divergent and 

antiscatter slits of 0.5°) was calibrated using R-SiO₂ and R-Al₂O₃ standards, ensuring no 

influence from reduced crystallite size or lattice defects. Phase identification was conducted 

using X’pert HighScore® Software and compared against spectra from the RRUFFTM Project 

database; the quantification was performed with the same software by using the RIETVELD 

refinement. 

The pigments were investigated by X-ray Fluorescence (XRF), (pigments and inerts) and 

by Fourier-transform Infrared Spectroscopy (FT-IR) The spectral assignments of the 

characteristic peaks of an element were carried out using the database contained in the ARTAX 

8 software. In each spectrum, the signals of Rhodium (Rh) and Argon (Ar), due to the source 

and the atmosphere, respectively, are present.  

For the Attenuated Total Reflectance (ATR) FT-IR measurements, a Bruker Vertex 70 

Advanced Research FT-IR Spectrometer was utilized for analysis. Equipped with a Platinum 

ATR and a diamond crystal, it measured samples over a range of 4000-700cm⁻¹ with a step size 

of 2cm⁻¹. Measurements were conducted using 200 scans at 2hPa on a small quantity of 

powdered sample. FORS spectra were acquired in situ through a UV–VIS–NIR Ocean Optics 

portable fiber-optic spectrometer. The instrument used is equipped with a DH mini light source, 

a detector operating in the spectral range 350–1100nm (USB 2000 + XR1), and a reflection 
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bifurcated probe, in which seven illumination fibers are installed around a central reading fiber, 

providing illumination and detection of diffused light from the same direction.  

Quantification of Pt and Pb in dust samples was carried out by Differential Pulse 

Voltammetry (DPV/a) using the standard addition procedure, following a procedure set up and 

optimized in previous research [16-17]. All voltammetric analyses were carried out using an 

AMEL Polarograph with 8.60 software for storing and processing data.  

The solutions containing platinum chloride complexes (H₂PtCl₄, PtCl₄²⁻) were purged 

with high-grade nitrogen (99.998%) for 300 seconds at the beginning of each measurement, and 

a continuous flow of gas was maintained over the solution throughout the measurement to 

prevent interference from oxygen. All experiments were conducted at a constant temperature of 

25°C. Platinum analysis was performed in a 1.0M sulfuric acid supporting electrolyte, with the 

addition of 1.2mM hydrazine sulfate and 0.6mM formaldehyde. In situ, formaldehyde and 

hydrazine react to form the corresponding hydrazone, which subsequently complexes with Pt. A 

potential ranging from −0.3 to −1.0V was applied to the working electrode in differential pulse 

mode, and the catalytic current for hydrogen development was measured at −0.85V (versus 

Ag/AgCl). The intensity of this current is proportional to the platinum concentration [16-17], 

highlighting the extreme sensitivity of this determination due to the catalytic effect of Pt. 

Analyses of PAH were performed by using a Gas-Chromatography coupled with mass 

spectrometry (GC-MS) GC 9000 intuvo MSD 5977B Agilent.  

 

Sampling and analyses for chemical characterization  

The sampling campaign was carried out under the supervision of the assistants of Museo 

Civico Castelbuono. Analysis was performed both on-site and off-site on fragments from 

detachments found during operation measures. Non-destructive XRF analyses were performed 

directly on the surface of paint and plaster of the mural paints for a total of 8 spot samples. In 

Table 1 are shown details of original locations and brief descriptions. In cases where several 

samples were present, each was given an alphanumeric ID associated with a sequential letter.  
 

Table 1. Description of the collected spot samples 

 
Spot sample ID Sampling point Description 

01 White Church of S. Anna, Castelbuono. Allegoric statue, from 

(culmination, lower part, right side) 

White layer of statue 

02 Yellow Church of S. Anna, Castelbuono. Mural painting sampled in 

North part of the church 

Yellow/brown layer of 

mural 

03 Yellow Church of S. Anna, Castelbuono. Mural painting sampled in 

East part of the church 

yellow layer of mural 

04 Yellow restored Church of S. Anna, Castelbuono. Mural painting sampled in 

East part of the church 

Restored area 

05 Yellow restored Church of S. Anna, Castelbuono. Mural painting sampled in 

East part of the church 

Restored area 

06 Golden bottom Church of S. Anna, Castelbuono. Mural painting sampled in the 

main chapel 

Light Golden area inner 

the human touching zone 

07 Golden bottom Church of S. Anna, Castelbuono. Mural painting sampled in the 

main chapel 

Light Golden area inner 

the human touching zone 

08 Golden up Church of S. Anna, Castelbuono. Mural painting sampled in the 

main chapel 

Golden area out of the 

human touching zone 

 

The sampling areas considered include Panel A (located in the northwest area of the 

chapel) and Panel B (located in the northeast area of the chapel).  A schematic representation of 

sampling sites is reported in Figure 2. 
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Fig. 2. Schematic representation of S. Anna palatine chapel with sampled point 

 
Table 2. Chemical characterization by Py-GC/MS, FTIR, Raman and SEM-EDS, 

indicating paint origin, color, medium, and elemental analysis 

 

Sample Origin Color Medium Elements 

Acrilex BRA BPc PS Al, Si, S, Cu, Ti 

Corfix BRA BPc PS Si, S, Cu, Ti 

Corfix Arts BRA BPc P(S/MA) Al, Si, S, Ca, Cu, Ti, Ce 

Liquitex USA BPc P(nBA/MMA) Al, S, Ca, Cu 

Acrilex BRA BPr PS Na, Mg, Al, Si, S, Ca, Fe 

Corfix BRA BPr PS Na, Al, Si, S, Cu 

Corfix Arts BRA BPr P(S/MA) Na, Al, Si, S, Fe, Ti, Ce 

Winsor & Newton GBR BPr P(S/MMA) Na, Al, Si, S, K, Ca, Fe 

 

Methods 

About dust analyses, 6g of settled dust samples from two sampling targets (S1 and S2). 

The samples were carefully collected using brushes from surfaces positioned 1.5–2.0m above 

ground level, typically at the surface of the furniture, to minimize the inclusion of foreign 

coarse materials. They were refrigerated at 4°C on-site until they could be rapidly transported to 

the laboratory, where they were subsequently frozen before analysis. Among different 

techniques and solvents tested in previous works, we used the ultrasound bath extraction 

because it allowed us to obtain the highest recovery percentage of PAHs. About 2.5 g of dried 

and pulverized sample was mixed with precleaned anhydrous Na₂SO₄ (Carlo Erba, Milano). 

The samples were extracted three times in an ultrasonic bath for 30 minutes each time, using a 

20mL mixture of dichloromethane and pentane in a 1:1 ratio. The extracted samples were then 

filtered through a pre-cleaned pipette filled with solvent-rinsed glass wool and anhydrous 

Na₂SO₄. After filtering, the samples were rinsed and concentrated using a rotary evaporator set 

to a thermostatic bath temperature of 35 (±0.5)°C, resulting in a final volume of 2.5mL. The 

solution containing PAHs was subsequently dried under a gentle nitrogen flow. The dry residue 

was reconstituted in 200μL of an internal standard solution containing phenanthrene d10, 

acenaphthene d10, perylene d12, and chrysene d12 at a concentration of 500mg/L. One 

microliter of each extract was injected in splitless mode into a gas chromatograph fitted with a 

30 m Equity-5 fused silica capillary column (0.25mm×0.25m film thickness) and connected to a 

mass spectrometry detector. The carrier gas was helium, maintained at a flow rate of 

1.4mL/min. The injection port temperature was 280°C. The detector was 325°C. The oven 

program for standards and samples was as follows: 60°C for 2min, 14.5°C/min up to 325°C for 

13min, respectively. 
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For Pt and Pb quantification, about 250mg of dust, in a porcelain crucible, was ashed in 

a muffle at 550°C. After cooling, the ashes were treated with 1mL of hot HNO₃ + HCl (1:3) in a 

Milestone model MLS-1200 Mega (Milestone Laboratory Systems, Italy) microwave oven, 

equipped with high-pressure (up to 100 bar) Teflon containers. The instrumental conditions 

used for the microwave digestion were 1min at 250W, 1min at 0W, 5min at 250W, 5min at 

450W, 3min at 600W and 5min at 300W. After digestion, the clear, colorless solution was 

brought to volume with Milli-Q water.  

 

Results and discussion 

 

Mural Painting Characterization and Stucco Analysis 

The chemical analysis revealed variations in the composition of yellow pigments across 

restoration and original areas. XRF spectra indicated that older yellow regions contained lead, 

calcium, and iron, while restored areas showed calcium, iron, and zinc, with reduced lead 

levels. The gold regions displayed small amounts of gold with prominent lead signals, 

highlighting human contact's impact on gold content. FT-IR spectroscopy identified calcite, 

gypsum, and organic compounds within the yellow pigments. XRD confirmed the presence of 

iron oxide and litharge as the main components, consistent with historical pigment 

formulations.  

The stucco composition, determined by XRD, predominantly consisted of calcite (57.6%) 

and gypsum (34.3%), with minor contributions from quartz (2%).  These findings align with other 

studies on Serpotta's works, reinforcing its attribution to this renowned Baroque artist. The dust 

analysis revealed significant PAH levels, with fluoranthene, pyrene, and chrysene being the most 

abundant components. PAH ratios suggested high-temperature combustion as the primary source. 

Lead concentrations in dust samples were markedly higher than platinum, indicating plaster 

particulate release and raising concerns for preservation efforts. 

During the inspection conducted inside the church, even if there is a general golden 

view, different shades of yellow were observed in the background, which we categorized as 

restoration yellow, old yellow, and gold. To determine the chemical composition of the 

background, XRF spectra were obtained from four different background colors: yellow 

restoration, yellow, and gold. Furthermore, the contribution of the preparation layer was taken 

into account by analyzing a white area uncovered by the yellow pigments. Analyses were 

conducted on various sample plots, and the representative spectra are presented in Figure 3. 

 
 

Fig. 3. XRF spectra of white substrate and yellow and golden areas 

 

The white preparation layer is characterized by the presence of calcium (Ca), 

attributed to calcium carbonate (calcite) and/or gypsum. Elemental analysis of the yellow 
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background revealed three distinct compositions. The older yellow area contains lead (Pb), 

calcium (Ca), and iron (Fe), whereas the yellow restoration pigment is composed of calcium 

(Ca), iron (Fe), and zinc (Zn), with only trace amounts of lead (Pb). This variation in 

elemental composition suggests the use of different pigments during a restoration process. 

Specifically, the replacement of lead, likely due to its toxicity, with other inorganic or 

organic materials supports the conclusion that the yellow pigment was subjected to 

restoration. In both areas, the calcium signals may be associated with the intentional addition 

of calcite or gypsum to the pigment mixture. 

Spectral analysis of the gold-colored area detected small quantities of gold, with lead 

signals remaining dominant. Measurements taken from the accessible portions of the wall 

revealed a lower gold content compared to measurements from higher regions. Quantification 

using the peak area ratio between gold and lead yielded values of 0.11 for the upper areas and 

0.05 for the lower areas, indicating a relatively higher gold content at elevated locations. This 

gradient is likely attributable to the gradual removal of gold in the lower regions due to frequent 

human contact. 

Figure 4 shows the FT-IR spectrum of the sample from the yellow area, where the most 

significant peaks of calcite (713cm-1, 875cm-1 and 1425cm-1) can be recognized together with 

some signals typical of the vibration mode of sulfate in gypsum (3600 to 3200cm-1, 1683cm-1, 

1620cm-1 and 1108cm-1), and of an organic material characterized by the stretching of aliphatic 

groups (C-H 2900cm-1) and a carbonyl group (C=O 1735cm-1). The spectral region around 

2200-2000cm⁻¹ exhibits characteristic auto-absorption features of the diamond crystal, making 

it impossible to identify the sample's characteristic signals. Unfortunately, due to the limited 

amount of available samples, the signal-to-noise ratio of both the FT-IR spectrum and the 

diffraction curve is low, and the baseline correction does not significantly improve the 

readability of the curves. 

 
Fig. 4. FT-IR spectrum of yellow paint 

 

In order to better discriminate the type and composition of crystal of compound 

containing lead, X-ray diffraction analysis (XRD) was performed, and, in addition to a broad 

amorphous band due to non-crystalline compounds, the presence of several characteristic peaks 

of crystalline phases of iron oxide (Ir) and litharge (Ly) can also be observed, confirming the 

use of these pigments (see Figure 5). 
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Fig. 5. XRD pattern obtained from a sample of yellow paint. The crystal phases correspond to Iron oxide (Ir) (Ref 

Code 01-084-0308) and Litharge (Ly) (Ref Code 03-065-0399) 

 

Figure 6 summarizes the compositions obtained through XRD pattern obtained from 

sample of plaster (detaching). The fragment of detaching is characterized by gypsum (Gy), 

quartz (Q), anhydrite (An), and calcite (Ca). It is interesting to note that calcite (Ca) is the most 

abundant component (57.6%), followed by gypsum (Gy, 34.3%), anhydrite (An, 6.1%), and 

quartz (Q, 2%). These data are in good agreement with other studies of the composition of 

Serpotta’s stucco, which report a similar distribution of components [6]. 

Figure 7 shows the FT-IR spectra of the plaster sample, comparing it with calcium 

carbonate and gypsum, and the overlayered peaks from 1409cm-1, 1090cm-1, 874cm-1 and 

725cm-1 can be attributed to calcium carbonate (in the form of the calcite phase), and the peaks 

from 3600 to 3200cm-1, 1683cm-1, 1620cm-1, 667cm-1 and an intense peak at 1108cm-1 confirm 

the presence of gypsum in the plaster samples as a result of a mixture of the two minerals. 

Moreover, the absence of other peaks excludes the presence of organic substances as ligands. 

 
Fig. 6. XRD pattern obtained from sample of plaster. The crystal phases correspond to Gypsum (Gy) (Ref 

Code 01-072-0596), Quartz (Q) (Ref Code 01-087-2096), Anhydrite (An) (Ref Code 01-086-2270), and Calcite (Ca) 

(Ref Code 01-086-2335). Inset, weight percentage of the identified phases 



F. ARMETTA et al.  

 

 

INT J CONSERV SCI 16, 4, 2025: 1723-1738 1732 

 
Fig. 7. FT-IR spectrum of plaster sample compared to Calcium carbonate and Gypsum references 

 

These results provide scientific confirmation of the origin of the sculpture attributed to 

Serpotta’s school. 

 

Dust samples analyses  

Table 3 summarizes the results obtained for analyzed dust samples collected while the 

percentage of PAHs distribution is reported in Figure 8. 

 
Table 3. PAH, Pb and Pt analyses performed on indoor dust samples 

 
Analyte LOQ Sample Sample Mean 

  S1 S2  

 µg L-1 (µg L-1) (µg L-1) µg L-1 

Naphthene 0.3  4.88 9.60 7.24 

Acenaphthene 0.3 µg L-1 <LOQ <LOQ <LOQ 

Acenaphthylene 0.3 µg L-1 <LOQ <LOQ <LOQ 

Fluorene 0.3 µg L-1 0.76 0.76 0.76 

Phenanthrene 0.3 µg L-1 11.89 11.13 11.51 

Anthracene 0.3 µg L-1 1.07 0.61 0.84 

Fluoranthene 0.3 µg L-1 15.85 21.04 18.45 

Pyrene 0.3 µg L-1 12.96 12.50 12.73 

Benzo[a]anthracene 0.3 µg L-1 3.51 4.27 3.89 

Chrysene 0.3 µg L-1 13.42 14.03 13.72 

Benzo[b.k.i]anthracene 0.3 µg L-1 <LOQ 7.47 3.74 

Benzo[e]pyrene 0.3 µg L-1 5.03 5.64 5.34 

Benzo[a]pyrene 0.3 µg L-1 2.59 6.10 4.34 

Perylene 0.3 µg L-1 <LOQ 1.07 0.53 

Benzo[g.h.i]perylene 0.3 µg L-1 0.46 2.13 1.30 

Dibenzo[a.h]anthracene 0.3 µg L-1 <LOQ <LOQ <LOQ 

Indeno[1.2.3-c.d]pyrene 0.3 µg L-1 2.74 2.52 2.63 

benzo[j]fluoranthene 0.3 µg L-1 <LOQ <LOQ <LOQ 

benzo[k]fluoranthene 0.3 µg L-1 <LOQ <LOQ <LOQ 

benzo[b]fluoranthene 0.3 µg L-1 <LOQ <LOQ <LOQ 

TOTAL PAH  75.16 98.86 87.01 

 (µg g-1) (µg g-1) (µg g-1) (µg g-1) 

Pt (µg g-1) 0.01  0.29 0.38 0.34 

Pb (mg g-1) 0.001  0.22 0.33 0.28 
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Fig. 8. PHAs percental distribution in indoor dust samples 

 

For each of two analyzed samples, fluoranthene, pyrene, and chrysene are the three most 

abundant components. It is interesting to note that the PAH percentage distribution in the 

samples is very similar. Generally, the composition of PAH emissions varies depending on the 

source. To investigate sources of the PAHs in the samples, different PAHs ratios were 

calculated and discussed by literature comparison.   

Generally, PAHs of molecular mass 178 and 202 are used to discriminate between 

combustion and petroleum sources [39]. In the two analyzed dust samples, the ratios of 

anthracene to anthracene plus phenanthrene An/(An+Ph) are 0.08 and 0.05 for S1 and S2, 

respectively. A ratio of 0.10 usually indicates that the PAHs can originate from low-temperature 

sources (petroleum), while a ratio > 0.10 indicates a dominance of combustion [40].  

Another PAHs ratio used to investigate PAH sources is fluoranthene versus pyrene, and 

for the analyzed samples, Fl/(Fl+Py) ratios are 0.55 for sample S1 and 0.63 for sample S2.  

Typically, literature reported that the Fl/(Fl+Py) ratio is below 0.50 for most petroleum samples 

and for diesel, fuel oil combustion, gasoline, and emissions from cars [41] and above 0.50 in 

grass, most coal, and wood combustion. In detail, vehicle and crude oil combustions are more 

uniform, ranging from 0.41 to 0.49, and are closer to the 0.50 boundary than those from diesel 

exhaust. The petroleum limit ratio for Fl/(Fl+Py) tends to be closer to 0.40 rather than 0.50. 

Ratios between 0.40 and 0.50 are more indicative of liquid fossil fuel combustion (such as from 

vehicles and crude oil), while ratios greater than 0.50 are characteristic of combustion from 

grass, wood, or coal. 

More precise identification of PAH sources can be achieved using additional, different 

isomer ratios. PAHs with a molecular mass of 228 are rarely employed as indicators of parent 

PAHs. According to data from the literature [41], BaA/(BaA+Chr) ratios below 0.20 suggest 

petroleum emission, ratios between 0.20 and 0.35 can indicate either petroleum or combustion, 

and ratios above 0.35 imply combustion products. According to literature data (Hischenhuber 

and Stijve, 1987), IP/(IP + BghiP) ratios of 0.20 most likely imply a petroleum origin, and 

between 0.20 and 0.50, liquid fossil fuel combustion (vehicle and crude oil). 

According to literature data [38-41], IP/(IP+BghiP) ratios between 0.20 and 0.50 imply 

liquid fossil fuel combustion, and ratios >0.50 imply grass, wood, and coal combustion. In the 

analyzed samples, IP/(IP+BghiP) ratios for S1 and S2 are 0.86 and 0.54, respectively.  
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Finally, we calculated the total index as the sum of single indexes (discussed before) 

respectively normalized for the limit value (low-temperature sources and high-temperature 

sources) reported in literature.  

In detail, the total index was calculated as reported in Eq. 1, and the results are reported 

in Table 4. 

 
Total index = Fl/(Fl+ Py)/0.4 + An/(An + Ph)/0.2 + B[a]A/(B[a] A +Chr)/0.1 + IP/(IP + B[g,h,i]P)/0.5     (eq.1) 

 

Table 4. PAHs ratio index calculated in indoor dust samples 

 
PAHs ratio S1 S2 Mean 

An/(An+Ph) 0.08 0.05 0.07 

Fl/(Fl+Py) 0.55 0.63 0.59 

BaA/(BaA+Chr) 0.21 0.23 0.22 

In/(BghiP+In) 0.86 0.54 0.70 

 

Literature data considers PAHs originating prevalently from high-temperature processes 

(combustion), while lower values indicate prevalently low-temperature sources (petroleum 

products). In our case the total index for S1 and S2 dust samples are 5.6 and 5.2, respectively, 

indicating a PAH profile emitted from high-temperature processes. In addition, the similarity of 

PAH emission and Total Index was identified in a previous study by Orecchio [42] on PAH 

emission from candles. 

Concerning the quantification of Pt and Pb in dust samples, the data presented in Table 3 

underline the presence of both lead and platinum in the samples analyzed. However, 

considering that the levels of lead are hundreds of times higher than those of platinum, it is 

possible to assume the release of particulate matter from plaster to dust, underlining the need for 

procedures to preserve the cultural heritage patrimony of the Palatine Chapel. 

In fact, as reported in the literature [43], platinum and lead show similar concentrations 

when originating from vented emissions. 
 

Conclusions 

 

This study provided a comprehensive chemical characterization of the mural paintings 

and stucco artwork in the Palatine Chapel of St. Anna, located within Ventimiglia Castle in 

Castelbuono. By employing a combination of in situ and laboratory-based analytical techniques, 

critical insights were obtained into the materials, pigments, and degradation processes affecting 

this historic site. 

X-ray diffraction (XRD) analyses suggest that the stucco artwork can be attributed to the 

Serpotta school, though further investigations are needed to explore potential variations in 

materials and techniques associated with its creation. Elemental analyses identified the presence 

of gold, iron, zinc, and lead in the pigments, emphasizing the historical and artistic significance 

of the murals. Additionally, the detection of elevated lead concentrations in dust samples 

underscores the urgent need for targeted conservation measures to mitigate mural painting 

degradation processes. 

This research demonstrates the value of a multidisciplinary approach to cultural heritage 

conservation, integrating chemical, historical, and artistic analyses to develop a holistic 

understanding and effective preservation strategies. Beyond contributing to the safeguarding of 

the Palatine Chapel, these findings establish a methodological framework for the study and 

conservation of similar historical sites. This study not only contributes to the conservation of 

the Palatine Chapel but also sets a precedent for future research and conservation efforts in 

similar historical sites. 
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