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S1. Multispectral Imaging 

S1.1 Data Analysis 

The color difference has been evaluated comparing color coordinates (L∗, a∗, b∗) from 

reference varnished areas left unsoiled on the left border of each mock-ups in two different 

stages, just after the soiling procedure and after the cleanings (it has been about a month). 

This change has to be taken into account once we look at the color difference between 

dirty and cleaned areas. However, the varnish color change might have been different and 

maybe smaller in the areas where dirt was spread in comparison to the varnish left 

uncovered by soil. Therefore, an evaluation of the color contribution by varnish change is 

done, but this evaluation cannot be approached quantitatively in order to correct cleaned 

areas colors (i.e., subtracting its contribution to color difference between before and after 

cleaning procedure) or a systematic error would be added. 

Varnish changes were evaluated both in visible images and in visible UV-induced 

fluorescence ones. Color changes are displayed in Figure S1–S4 and relative color 

differences are presented in Table S1. A trend in color change can be observed: lightness 

increase in most cases and a shift towards reds (positive values of a∗) and yellows (positive 

values of b∗) in visible images. 
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Figure S1. Chromatic coordinates (right graphs) and lightness (left graph) calculated from visible images from varnished 

reference mock-up (red) and before (blue) and after (yellow) the cleaning performed on mock-up I. 

 

Figure S2. Lightness (left graph) and chromatic coordinates (right graph) calculated from visible images from varnished 

reference mock-up (red) and before (blue) and after (yellow) the cleaning performed on mock-up II. 

 

Figure S3. Lightness (left graph) and chromatic coordinates (right graph) calculated from visible images from varnished 

reference mock-up (red) and before (blue) and after (yellow) the cleaning performed on mock-up III. 
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Figure S4. Lightness (left graph) and chromatic coordinates (right graph) calculated from visible images from varnished 

reference mock-up (red) and before (blue) and after (yellow) the cleaning performed on mock-up IV. 

 

Figure S5. Multispectral imaging of mock-up I: VIS (a), UVIFL (b), NIR (c) and IRFC (d). 

 

Figure S6. Multispectral imaging of mock-up III: VIS (a), UVIFL (b), NIR (c) and IRFC (d). 

 

Figure S7. Multispectral imaging of mock-up IV: VIS (a), UVIFL (b), NIR (c) and IRFC (d). 
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Table S1. Color differences between (L*, a*, b*) values of the same areas of each mock-ups before and after the cleaning 

treatment. 

Mock-up  
Cleaning 

Treatment  
ΔL00 (+/- 0.01) ΔC00 (+/- 0.3) ΔH00 (+/- 0.3) ΔE00 (+/- 0.3) 

I 

A1 3.28 1.6 0.4 3.7 

A2 2.61 1.9 0.6 3.3 

A3 2.89 2.8 0.8 4.2 

A4 0.09 1.4 0.6 1.6 

K1 4.82 0.7 0.3 4.9 

K2 1.08 0.3 0.2 1.2 

K3 0.35 0.3 0.3 0.6 

K4 1.45 −0.2 0.1 1.5 

II 

A1 4.48 1.7 1.2 5.0 

A2 9.69 2.9 1.5 10.3 

A3 5.44 1.8 1.2 5.9 

A4 10.44 3.0 1.7 11.0 

E1 5.90 2.3 1.8 6.6 

E2 11.33 6.4 2.4 13.3 

E3 10.42 2.1 2.1 10.9 

E4 3.46 0.7 1.2 3.8 

III 

A1 1.69 2.5 0.9 3.2 

A2 5.61 2.3 1.9 6.4 

A3 3.80 2.3 1.7 4.8 

A4 2.63 3.5 0.6 4.5 

K2 1.81 −0.7 1.2 2.3 

K3 2.44 −1.1 2.4 3.5 

K4 1.97 −1.7 2.3 3.4 

IV 

A1 5.46 1.0 0.0 1.0 

A2 6.16 1.1 0.1 1.1 

A3 3.91 0.4 0.4 0.6 

A4 4.11 1.2 0.3 1.2 

K2 0.61 1.9 1.1 2.3 

K3 3.36 1.3 0.5 1.4 

K4 1.07 1.8 0.5 1.9 
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S2. EDXRF Spectroscopy 

S2.1 Data Analysis 

Spectra of dirty surfaces were collected in twenty different spots and the net area 

count average of each element (Kα peak), together with standard deviation and SDOM, 

were calculated (Table S2). Since the soiling procedure did not produce uniform 

thicknesses of dirt on the mock-ups and the point of analysis is quite small (1.2 mm2), 

statistical methods were employed to evaluate cleaning results. In this way we can say 

with a certain confidence if area counts are changed or not after the cleaning treatment, in 

respect to the dirty surface area counts. 

Standard deviation values represent the spreading of measurements around the real 

value and were useful to evaluate if changes in counts per area after cleaning is relevant 

or not: if the cleaned area counts are noticeably fewer (i.e., the “cleaned” value is far more 

than 1 standard deviation from the “dirty” value), we can affirm that the concentration of 

that element is lower and a certain amount of it has been removed by the cleaning. On this 

basis, we can affirm that peaks can be considered statistically relevant. For the same 

purpose, we observed the trend of results concerning each treatment at different times of 

application and their consistency. These procedures were adopted since one single 

measurement per each cleaned area was taken and its variation could not be obtained 

from data.  

Secondly, it must be considered that the concentration of lighter elements (Z < 11) 

could be underestimated with respect to their real amount, because their secondary 

radiations have low penetrating power and are severely attenuated by the air and any 

matrix for any distance [4]. For this reason, aluminum and phosphorus peaks were not 

taken into account since they are too low, and their variations are not valuable with the 

standard deviation method explained above. On the other hand, Si and S count variations 

are valuable by comparing measurements of dirty spots and cleaned ones. However, in 

these cases it is not possible to distinguish differences between one cleaned spot 

measurement and another to establish cleaning effectiveness. 

Table S2. Normalized net area count average and relative SDOM of each emission peak (Kα) 

identified in EDXRF spectrum. 

Detected Element 
Normalized Net Area Counts 

(average on 7 spots) 

Standard Deviation of the 

Mean (SDOM) 

Si 0.16 0.01 (5%) 

S 0.040 0.004 (9%) 

K 0.44 0.04 (9%) 

Ca 5.6 0.4 (7%) 

Fe 0.52 0.03 (6%) 
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S2.2 Heat Maps 

 

Figure S8. EDXRF heat maps on a selected area of mock-up I. Higher and lower relative concentrations of each 

characteristic element are presented respectively in red and blue colors. Stitch visible image (a) of the area (15 mm × 15 

mm) considered for the XRF mapping. 

 

Figure S9. XRF heat maps on a selected area of mock-up II. Higher and lower relative concentrations of each characteristic 

element are presented respectively in red and blue colors. Stitch visible image (a) of the area (15 mm × 20 mm) considered 

for the XRF mapping. 

 

Figure S10. XRF heat maps on a selected area of mock-up IV. Higher and lower relative concentrations of each 

characteristic element are presented respectively in red and blue colors. Stitch visible image (a) of the area (15 mm × 20 

mm) considered for the XRF mapping. 
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S3. Varnish FTIR Reference Spectra 

Table S3. Reflection FTIR wavenumber values, and their assignment [5,6], of the bands identified 

in dried oil-colophony varnished mock-ups. 

Wavenumber Band Ahape Assignment Material Attribution 

2955 (w) Derivative νasCH2 Colophony 

2927 (s) Derivative νasCH2 Linseed oil 

2854 (s) Derivative νsCH2 Linseed oil 

1735 (s) Derivative νC–O Linseed oil 

1459 (m) Derivative in-plane δsCH2 Colophony, linseed oil 

1383 (w) Derivative δsCH3 Colophony 

1165 (m) Derivative νC–O Linseed oil 

1087 (s) Derivative νasSi–O Diatomaceous earth 

792 (m) Inverted 
νs Si–O–Si, Si–O–Al, 

(Si,Al)–O–(Si,Al) 
Diatomaceous earth 

613 (w) Inverted δSi–O Diatomaceous earth 

477 (s) Inverted δSi–O Diatomaceous earth 
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