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Abstract 

The artwork under investigation was presumably painted in the 18th century, the author, from the Neapolitan 
school, still remains unknown. The artefact comes from the storerooms of the Ente Morale Suor Orsola 
Benincasa and is an important historical-artistic testimony, as it is one of the very rare representations of a 
martyrdom involving various ecclesiastical orders, which took place in 1572 in the locality of Gorcum, by 
Calvinistic Gheusians, who were protesting in a bloody manner against papal authority [1]. From an initial 
examination, given its extremely precarious state of preservation, the work is in 'first cloth', i.e. without any 
conservation interventions. Only limited and localised pictorial interventions are visible under ultraviolet 
fluorescence, exclusively on three small points in the upper part of the panel. The work presents a considerable 
problem related to the degradation of the paint film. We can in fact note that some colour fields have undergone 
two different degradation processes within a few millimetres of each other, where the most evident alteration is 
the strong whitening of the surface. In order to be able to understand the cause of this problem, a 
multidisciplinar diagnostic approach was performed: to physically analyse the stratigraphy of the painting, we 
used microscopy whilst final varnishes and repainting were detected thanks to a Wood's lamp. To identify the 
type of binder in the paint layer, an initial FTIR analysis was carried out, which allowed the hypothesis of the 
presence of protein material; confirmation of this hypothesis was obtained by LC-MSMS analysis. Finally, 
analyses were carried out using XRF, ICP-MS to characterise the pigments present. Our results show a different 
concentration of metals (even in the same colour field) thus suggesting that the different degradation phenomena 
could be related to this characteristic. 



Introduction  

The artwork under investigation is a painting on canvas (114 cm x 204 cm) depicting the Martyrdom of 
Gorcum, presumably from the 18th century, whose author, probably of the Neapolitan school, is unknown. The 
martyrdom took place in Gorcum, Holland, by the Calvinist Gheusians, who preached the Protestant 
Reformation and manifested their dissent against Christians and papal authority in a bloody manner. The 
painting is in first cloth, i.e. it has not undergone previous restoration and there are no lining operations, there 
are only small retouches on the upper right-hand corner that do not alter the original legibility of the work. 

As for structural problems, we can see that the canvas no longer performs its supporting function, in fact there is 
a strong creep phenomenon, caused by the slipping of the fibres, which has led to an extensive stretching in the 
final section of the work. In addition, the canvas has several tears that in some places no longer allow the work 
to be properly readable as they are near the faces of some of the painting's subjects. The frame, which is fixed 
without central crossbeams, shows a slight xylophagus attachment and the two central axes show significant 
buckling.  

Observing the paint film, the most evident degradation factor is the strong bleaching of certain colour fields 
(Figure 1).  

 

 

Moreover, the paint film is very dry (Figure 2), which leads us to hypothesize that a thin tempera was used as a 
binder and that the strong dryness could also be the result of the absence of a final varnish, which contributed to 
the problem. The brown, red, green and blue backgrounds show this phenomenon the most. The characteristic 
feature of this whitening is that it affects different sections of the same colour field. Although the colour in 
question is the same, it is evident that it has reacted differently within the same section, changing in hue, 
moreover there is a clear alteration of the paint film in next to these points, which in some cases has resulted in 
the work no longer being legible. As this degradation phenomenon cannot be attributed to factors related to 
previous interventions, such as stratifications or incompatibility of overlapping materials, we decided to analyse 
the chemical composition of the pigments in the affected areas, possibly relating it to the degradation 
phenomena of the paint film. 

Materials and Methods  

Chemicals Urea, ammonium bicarbonate (AMBIC), Trypsin TPCK-treated and of N,O-bis- 
(trimethylsilyl)-acetamide (TMS) from bovine pancreas were from Sigma-Aldrich. Acetonitrile, 
formic acid, chloroform and methanol were purchased from Baker. Acetone, n-hexane, and 
chloroform were supplied by Sigma-Aldrich; acetyl chloride, acetonitrile (ACN), were provided by 
Fluka; formic acid and methyl alcohol anhydrous were supplied by Carlo Erba; bidistilled water 
(MilliQ) was provided by Millipore. All other reagents and solvents were of the highest purity 
available from Carlo Erba, Rodano, Italy 

Since the different behaviour of specific portions of the paint film was observed, we decided to trace 
the cause of the phenomenon starting with the chemical composition of the pigments by analysing 
them in all their aspects. 

Figure 1. Withening phoenomena Figure 2. Dino-Lite microscopy showing 
dry paint film



The following analyses were therefore performed: 

1. FTIR  

Instrumentation used: FT-IR Spectrometer Nicolet iS10 Thermo Fisher Scientific. 

Technical data:  

- Fully dried and sealed optical bench equipped with KBr windows with CaF2 protective coating; 

- Michelson type dynamic alignment interferometer with KBr / Germanium beamsplitter; 

- Interferometer scan rate: acquisition of up to 40 independent spectra per second at a spectral resolution of 16 
cm-1; 

- Spectral resolution: better than 0.4 cm-1;  

- Wavelength accuracy: 0.01 cm-1; 

- Spectral range: 7,800-350 cm-1; 

- DTGS type detector. 

2. LC-MS/MS analysis 

2.1 Reduction, alkylation and enzymatic digestion 

The sample was dissolved in 200 µL of denaturing buffer (Guanidine hydrochloride 8M, EDTA 1mM, Tris HCl 
30 mM), vortexed, sonicated for 20 minutes and centrifuged at 12,000 rpm for 15 minutes. The disulphuric 
bonds reduction was performed by adding 20 µl of 500 mM Dithiothreitol for 60 minutes at 37°C. The sample 
was subsequently alkylated by adding 40 µl of 500 mM Iodoacetamide in the dark for 30 minutes at room 
temperature. The product was purified by Chloroform/Methanol/H2O precipitation. Supernatant was removed 
and the pellet was dried down. Tryptic digestion was performed at 37°C for 16 h in AMBIC 10 mM.  

2.2 Protein Identification 

Digested peptides samples after trypsin were analysed using a 6520 Accurate-Mass Q-TOF LC/MS System 
(Agilent Technologies, Palo Alto, CA) equipped with a 1200 HPLC system and a Chip cube (Agilent 
Technologies). After loading, the peptides mixture was first concentrated and washed in 40 nL enrichment 
column (Agilent 32 Technologies chip), with 0.1% formic acid as the eluent. The sample was then fractionated 
on a C18 reverse-phase capillary column (Agilent Technologies chip) at flow rate of 400 nL/min, with a linear 
gradient of eluent B (0.1% formic acid (baker) in 95% ACN) in A (0.1% formic acid in 2% ACN) from 7 to 80% 
in 50 min. Peptide analysis was performed using data-dependent acquisition of one MS scan (mass range from 
300 to 2000 m/z) followed by MS/MS scans of the five most abundant ions in each MS scan. Dynamic 
exclusion was used to acquire a more complete survey of the peptides by automatic recognition and temporary 
exclusion (0.5 min) of ions from which definitive mass spectral data had previously acquired. Nitrogen at a flow 
rate of 3.5 L/min and heated to 325°C was used as the dry gas for spray desolvation. MS/MS spectra were 
measured automatically when the MS signal surpassed the threshold of 500 counts.  

The acquired MS/MS spectra were transformed in Mascot Generic files (.mgf) format and used for proteins 
identification with a licensed version of MASCOT 2.4 MS/MS Ion search (Matrix Science, Boston, USA).  

Raw data from nano LC–MS/MS analyses were used to query the protein databases. NCBInr database and 
Chordata as taxonomy for yolk and egg white samples, animal binders and gallus gallus databases (on all 
entries as taxonomy restriction), for specimens and real pictorial samples. Parameters used for the Mascot 
search were:  

• trypsin as enzyme,  
• allowed number of missed cleavage 3,  
• carbamidomethylation of cysteine as fixed modification and oxidation of methionine, pyro-Glu N-term 

Q (formation of pyroglutammic acid from glutamine residues at the N-terminal position of peptides), 
deamidation on N as variable modifications, 

• 10 ppm MS tolerance,   
• 0.6 Da MS/MS tolerance, 



•  peptide charge from +2, +3, +4.  

3. XRF 

The analysis was conducted directly on the Canvas using a portable XRF-Q Assing spectrometer and placing the 
painting on an easel to facilitate the operations [2].  

The instrumentation used consisted of: 

- X-ray source; 

- Collimation system; 

- Proportional X-ray detector; 

- Electronic signal amplification and analysis chain. 

A collimated beam hits the point whose chemical composition is to be investigated and the detector collects the 
emitted signal. 

Specifications of the instrumentation used: 

- Tungsten tube; 

- Silicon PiN diode detector with beryllium window; 

- Peltier effect cooling system; 

- Resolution 189 eV at 5.9 KeV: 

- Operating conditions - 30kV, 0.5 mA. 

4. ICP-MS. 

4.1 Metals extraction for ICP-MS analysis  

About 1x1 mm pieces were sampled from each selected position. Samples were subjected to mineralization 
procedure as follow: paper samples were accurately weighed into glass tubes. Concentrated nitric acid (7 mL) 
and hydrogen peroxide (1 mL) were added to each sample. The reaction was conducted for 3.5 h at 90 °C. After 
the hydrolysis, the solution was filtered on 0.45 µm Millex filter (Millipore, Merck, MA, USA) and diluted to 
25 mL with milli-Q water. Five mL of the solution were transferred into an ICP-MS vial for the analysis.  

4.2 ICP-MS analysis  

Metals analyses were performed on an Agilent 7700 ICP-MS instrument (Agilent Technologies Santa Clara, 
CA, USA) equipped with a frequency-matching radio frequency (RF) generator and 3rd generation Octapole 
Reaction System (ORS3) operating with helium gas in ORF. The following parameters were used: RF power: 
1550 W, plasma gas flow: 14 L/min; carrier gas flow: 0.99 L/ min; He gas flow: 4.3 mL/min. 103Rh isotope was 
used as an internal standard (final concentration: 50 µg/L). Metals concentrations have been measured in three 
replicates.  

5. Wood and fabric identification 

Light microscopy and scanning electron microscopy (SEM) observations of wood section features were 
performed for the identification of the woods. We referred to analytical keys texts [3,4] Terminology according 
to Schweingruber (1990) was adopted for the descriptions of characters useful for wood identification. For light 
microscopy, transverse and longitudinal (tangential and radial) handmade sections of sampled woods were 
observed with a Zeiss Axiolab microscope (Zeiss, Jena, Germany) and photographed with a Nikon Digital Sight 
DS-L1 (Nikon, Tokyo, Japan). For SEM observations, wood samples were coated with gold to about 30nm. The 
samples were observed under a VEGA3 TESCAN environmental scanning electron microscope at an 
accelerating voltage of 20kV. 

6.Digital microscopy (Dino-Lite®) 



In order to study the nature of the preparatory layer and the paint film, an observation of the micro-lacunae was 
carried out with the aid of the Dino-Lite® hand-held microscope, which uses the coaxial illumination technique. 
This analysis allowed the surface details to be investigated using two different microscopes with different lights, 
obtaining visible light and UV-induced fluorescence responses. 

Results and discussion 

One canvas sample was taken to analyse the fabric used as a support and one sample was taken from the frame 
to analyse the wood used. Respectively, the results were linen and poplar (Figure 3 and 4).  

  

The analysis performed with the aid of Wood's lamp does not show any type of fluorescence typical of terpenic 
and/or industrial resins, thus confirming the hypothesis that the painting does not have any type of final varnish, 
further accentuating the dryness of the surface. 

The pictorial film as a whole appears to be very dry and in some points strongly discoloured (Figure 5). FT-IR 
analysis of the pictorial layer revealed the presence of protein material (Figure 6) as the main binder, this result 
was further confirmed by LC-MS/MS analysis, which allowed the identification of rabbit glue (Mascot score: 
777, number of peptides: 14, sequence coverage: 14%). 

 

Figure 5 Dino-lite detail 

Observations performed by the Dino-Lite® handheld microscope, within the micro-lacunae of the pictorial layer 
and the numerous lacerations, showed the presence of a very thin red preparation layer, probably containing 
Minium; this hypothesis was confirmed by XRF survey which showed significant peaks of lead and iron (data 
not shown).  

 

Figure 6 FT-IR spectrum of the pictorial layer

Figure 3 linen fibers Figura 4 Poplar identification

Figure 7 The red thin preparation layer



A total of 8 samples (Figure 8) showing different states of preservation were sampled: two of Prussian Blue, one 
of Enamel, two of Green Earth, two of Red Earth, and two of Brown Earth (Table 1).  

 

 

As in some area of the degradation of the paint film showing the same pigments, was different, we decided to 
determine the chemical composition of selected spots by XRF and in some case to deepen our investigation by 
quantitative ICP-MS (Tab 1). 

Altered 
Green

Non Altered 
Green Altered Red Non Altered 

Red
Non Altered 

Blue
Altered 

Blue

Noon 
Altered 
Brown

Altered 
Brown

µg/mg µg/mg µg/mg µg/mg µg/mg µg/mg µg/mg µg/mg

9  Be  [ 1 ] 0.003083 0.00425 0.003974 0.003915 0.003133 0.002155 0.001425 0.001009

11  B  [ 1 ] 2.371511 6.076892 13.76233 11.60102 3.697447 1.007247 4.128325 9.015333

24  Mg  [ 2 ] 6.730186 8.882634 7.630488 7.782983 5.382938 6.118342 5.899447 7.208353

27  Al  [ 2 ] 1.261946 1.664153 1.851188 2.024739 1.223349 0.829104 7.670245 10.71125

28  Si  [ 2 ] 0 0 0.142984 0 0 0 0.244112 0.560225

31  P  [ 1 ] 1.266539 1.671214 1.098837 1.600421 0.929944 0.747119 0.855452 1.548425

39  K  [ 2 ] 13.5609 12.65172 10.64833 12.00957 7.519259 8.546765 7.046774 9.994414

43  Ca  [ 2 ] 5.466413 8.600977 7.093692 8.244296 4.750665 5.019977 4.419440 5.414012

51  V  [ 2 ] 0.039653 0.054856 0.055412 0.056784 0.029771 0.034152 0.027123 0.039445

52  Cr  [ 2 ] 0.030331 0.042094 0.043873 0.045437 0.022426 0.020959 0.020447 0.026656

55  Mn  [ 2 ] 0.336574 0.499722 0.426705 0.384952 0.288691 0.331779 0.436185 0.809

56  Fe  [ 2 ] 23.17297 33.11706 32.52133 37.86936 17.54868 22.9211 19.57632 26.49271

59  Co  [ 2 ] 0.007318 0.013874 0.008576 0.008758 0.006256 0.007181 0.006787 0.008463

60  Ni  [ 2 ] 0.025183 0.070463 0.023847 0.019809 0.077459 0.020032 0.019463 0.025758

63  Cu  [ 2 ] 0.139584 7.504322 0.127834 0.203161 0.080731 0.092778 0.089425 0.159448

66  Zn  [ 2 ] 0.137193 0.26052 0.618327 1.454515 0.136627 0.114883 0 0

Figure 8 Spots on the canvas sampled for the analysis



Table 1 ICP-MS results showing a different metal distribution 

As for example, the blue pigment on a non-altered surface (Figure 9) was found to be Prussian Blue by an initial 
XRF analysis (data not shown) containing a high amount of iron, a higher than average amount of lead and 
titanium. Further ICP-MS analysis of the sample revealed a high amount of Pb (around 86% of the sample), a 
fair amount of Fe (around 6% of the sample). Magnesium (2%), Potassium (2%), Calcium (2%), Boron and 
Aluminium were found as uncommon metals. In this area, the cracking is not very pronounced if at all, the 
colour is homogenous and opaque, and there are no particular chromatic alterations. When exposed to UV light, 
the pigment shows a very pronounced fluorescence, typical of white lead, probably mixed with Prussian blue to 
obtain highlights.  

 

On a different part of the painting, the same blue is present with a completely different state of preservation. 
Therefore, we decided to perform first an XRF analysis on this sample, results confirmed the presence of 
Prussian blue (Figure 10) with a high amount of lead and iron. An ICP-MS analysis was performed showing 
considerable quantitative differences for metals detected (Fe, 23%, Pb 52%, Magnesium 6%, Potassium 9%, 
Calcium 5%,).  

69  Ga  [ 1 ] 0.019635 0.027405 0.037744 0.043787 0.018001 0.016046 0.008787 0.014589

75  As  [ 2 ] 0.115811 0.11777 0.085938 0.116895 0.035235 0.048053 0.047185 0.064634

78  Se  [ 2 ] 0.001547 0.002409 0 0 0.00106 0.001232 0.001185 0.002425

85  Rb  [ 1 ] 0.087338 0.117131 0.104385 0.097185 0.073704 0.069357 0.034098 0.044636

88  Sr  [ 1 ] 0.397203 0.606489 0.497271 0.568491 0.337943 0.325743 0.211185 0.309776

90  Zr  [ 1 ] 0.014684 0.049314 0.068489 0.043461 0.01932 0.018424 0.020776 0.024778

95  Mo  [ 1 ] 0.003628 0.005537 0.007454 0.009496 0.00293 0.002564 0.002454 0.004409

111  Cd  [ 1 ] 0.000772 0.003295 0.001961 0.002874 0.000543 0.001064 0.000409 0.001454

118  Sn  [ 1 ] 0.025546 0.016203 0.019747 0.039956 0.007518 0.012766 0.002419 0.004123

121  Sb  [ 1 ] 14.1249 1.186521 5.991519 4.544419 0.243343 1.317529 0.051419 0.031856

133  Cs  [ 1 ] 0.007967 0.012268 0.011424 0.010145 0.007145 0.005931 0.004454 0.005454

137  Ba  [ 1 ] 0.380758 0.512819 0.863872 1.092562 0.362668 0.317417 0.154419 0.313409

140  Ce  [ 2 ] 0.054233 0.084551 0.092302 0.088313 0.0455 0.044455 0.078728 0.088723

182  W  [ 1 ] 0.001819 0.005915 0.006428 0.002906 0.002654 0.001229 0.002776 0.004787

205  Tl  [ 1 ] 0.00482 0.004502 0.006875 0.010776 0.002921 0.002611 0.001409 0.001776

208  Pb  [ 1 ] 363.8833 201.1595 246.1916 138.7418 263.2535 50.97702 68.25623 27.62645

Figure 9 The blue pigment on a non-altered 
surface



 

 

Observing the sample, therefore, we can see not only a chemical difference, but also a material difference, as 
this Prussian Blue sample appears to be strongly discoloured and also shows a very pronounced bleaching 
compared to the sample shown in Figure 10, and when observed under UV light it does not show any 
fluorescence. 

A similar procedure was carried out for the other backgrounds: Red (where the analysis of extracted metals led 
to the identification of a Cinnabar contamination in one of the two samples),  Green and Brown. 

Conclusions  

Taken together our results suggest that:  

As for the Prussian Blue samples (Figures 9 and 10), literature data (ref) about the pigment shows that the 
classical method for its production is through a reaction between potassium ferrocyanide (K4[Fe(CN)6] - 3H2O) 
and iron(III) ions, this would explain the presence of Potassium. It can also be adulterated with baryte (BaSo₄) 
and zinc oxide.  As for the high amount of Pb, this is probably due to either a preparation with Minium (Pb₃O4) 
or a mixture of Prussian Blue with White lead (basic lead carbonate 2PbCO₃ - Pb(OH), which can also be 
adulterated with Barium oxide) to achieve a lighter colour rendering. As for the second sample of Prussian Blue 
(Figure 10), because of its greener colour and considering the presence of Sb, we can assume that there may be 
residues of Naples Yellow (the only pigment showing an high concentration of Sb). [5] 

The same trend can be observed for the samples of Green Earth (Figure 8), data in fact a considerable amount of 
Sb, probably because the artist may have mixed Prussian Blue with Naples Yellow. In this case too we can 
observe chemical differences, which might be related to material difference, (bleaching and also a slight 
chromatic alteration).  

Finally, for the analysis of the second Red Earth sample (Figure 8), XRF analysis revealed the presence of 
Cinnabar (a pigment with a reddish appearance derived from mercury sulphide HgS). The hypothesis of the 
sophistication of the Cinnabar could explain the high amount of lead and the turning of the colour towards a 
lighter orange, or again, the artist may have mixed red earth with white lead and Naples yellow (given the Sb 
value) to obtain a lighter shade.  

Taking into consideration the results of the various samples and the information regarding the different metals 
detected within the pigments, we can finally deduce that the various colour alterations and the different material 
behavior of the pigments can be attributed to the individual amounts of metals present within the composition.  
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Figure 10 The blue pigment on an 
altered surface
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