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Abstract

Quantitation of paint powders of ancient wall paintings is often hindered by the calcite contamination during sam-
ples withdrawal. To overcome this problem, a new approach was explored based on the mechanical pulverization

of the paint powder followed by the evaluation of its true concentration, namely binders, pigments, and decaying
compounds, from the comparison of the calcite FT-IR peak area at 2510 cm ™" with that of the corresponding underly-
ing calcite used as calibrator. After extraction of the pulverized paint powder with polar and nonpolar solvents, liquid
chromatography, gas chromatography with flame ionization detection, and gas chromatography—mass spectrometry
were used to estimate the free amino acids, and fatty acids profiles. Compared to our previous investigation, the
results obtained showed a better yield of the extracted organic materials as mg/kg of powder and also a qualitative

improvement of the lipids profile.
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Introduction

The house of Golden Bracelet, Insula Occidentalis, was
first explored in the Bourbon period between 1758 and
1763 while the systematic excavation began in the 70s.
Dating between 35 and 40 A.D., the paintings testify a
redecoration of the house in the 4th style, executed after
the restoration of the damages caused by the earthquake
of 62 A.D. This hypothesis was supported by the discov-
ery in 1983, during excavation of the garden of a large
quantity of painted fragment belonging to a previous
decoration of an environment of the upper floors. The
restorers of Pompeii’s Affreschi Restoration Laboratory
used these fragments to partly reconstruct a fine paint-
ing of the 3rd style [1]. Consequently, most of the wall
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paintings ruin stored in the house were likely belonging
to the third style period (from the end of the first century
B.C. to about half of the first century A.D.). Under this
aspect, the analysis of these ancient paintings composi-
tion represents a very stimulating mission that involves
expertise in analytical techniques. However, besides the
millenarian age and the effects of weathering and exter-
nal agents (chemical, and biological), it appears very diffi-
cult to know in general the exact original composition of
ancient Roman wall painting mixtures [2]. Nevertheless,
the study of ancient paintings represents a challenge for
the choice of appropriate valorization and conservation
interventions [3, 4]. One criticism concerning the chemi-
cal analyses of ancient Roman mural painting regards the
use of an efficient procedure for the extraction of paint-
ing components and in particular those of organic nature.
In fact, most Roman compositions have been classified as
fresco since the lack of an accurate analysis of the original
painting mixture. Moreover, Roman wall painting analy-
ses carried out by several research groups showed repeti-
tive results that were abnormally different between each
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group [5]. These differences most likely can be ascribed
to factors affecting the extraction methods of paint media
adopted as well as to their history. Therefore, the char-
acterization of the binder composition can be affected
by a scarce efficiency of extraction methods that might
not unveil some binder components. All these aspects
prompted us to set up an extraction method based on
the mechanical pulverization of the scraped wall paint
powder followed by its quantitation based on the FT-IR
comparative analysis of a calcite peak of the paint powder
layer with that of the corresponding underlying calcite
layer as calibrator. Liquid chromatography, gas chroma-
tography (GC) with flame ionization detection and gas
chromatography—mass spectrometry (GC—-MS) was used
to analyze the polar and non-polar binder compositions
of sporadic wall painting samples. The results obtained
were compared with our previous work carried on Pom-
peian’s wall paintings from Insula Occidentalis [6, 7].

Materials and methods

Materials and reagents

Analytical high-performance liquid chromatography
(HPLC) solvents, including methanol, ethanol, chlo-
roform, hexane, and dichloromethane were obtained
from JT Baker (Deventer, Netherlands). Hydrochloric
acid 37% was purchased from Carlo Erba (Cornaredo,
Italy). Ammonium bicarbonate was purchased from
Merck (Merck KGaA, Darmstadt, Germany). Amino
acid calibration standards in 0.1 mol/L HC], borate buffer
0.4 mol/L in water (pH 10.2), and 10 mg/mL o-phthala-
ldehyde- 3-mercaptopropionic acid (OPA-3-MPA) rea-
gent in borate buffer (0.4 mol/L) were obtained from
Agilent Technologies GmbH & Co.KG (Waldbronn,
Germany). Dithiothreitol (DTT) was purchased from
Sigma Aldrich (St. Louis, MO, USA). The pentadecanoic
acid (C15:0, Sigma, St. Louis, MO, USA) was dissolved
in ethanol at a final concentration of 0.2 mg/mL. Boron
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trifluoride/methanol (10%, w/w) was purchased from
Supelco (Bellefonte, PA, USA).

Wall painting samples and sampling step preparation

Five sporadic wall painting samples were selected from
a large collection of archaeological ruins stored in Pom-
peii’s house of Golden Bracelet, Insula Occidentalis. The
specimens (about 5 x 3 x 2 cm, see Fig. 1) were carefully
handled to prevent further contamination and gently
cleaned with a soft brush and wet bibula paper to remove
dust deposit. All samples surface did not show the pres-
ence of any evident patina not belonging to the painting
layer. The first sample was mostly of a grey color with
brown decoration, the second contained intense red
and green coloration, the third showed green decora-
tion on a yellowish background, the fourth showed light
green violet and orange colors, and the fifth was made
of weak red color. For chemical analyses, amounts of
wall painting powder ranging between 60 and 130 mg
were scraped with a new disposable scalpel from sample
surface whereas amounts between 50 and 130 mg were
scraped from the below corresponding remaining calcite
layer. Powders were suspended in distilled water up to a
concentration of 200 mg/mL and then mechanically pul-
verized on ice for 5 min at half maximum speed by using
an Ultra Turrax T25 Digital Homogenizer (IKA®-Werke
GmbH & Co. KG, Staufen, Germany). The extraction of
polar and nonpolar compounds was carried out accord-
ing to the method of the Standard Metabolic Reporting
Structures working group [8].

FT-IR spectroscopy

Samples (200 mg/mL) were diluted at different con-
centration of 10, 5 and 2.5 pg/pL. 3 uL of each suspen-
sion (corresponding to 30, 15 and 7.5 pg) was layered
on 3 mm ZnS window, dried under a white lamp (60
watts) and analyzed with a Nicolet 5700 equipped with

S1

Fig. 1 Selected Pompeii's wall painting samples from the house of the Golden Bracelet

S2
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a microscope ContinupM (Thermo Fisher Scientific,
Waltham, MA). For each sample, 3 spectra (200 acquisi-
tions) in transmission mode were collected, with a sensi-
tivity of eight, and the microscope focusing windows set
at 100 x 100 pm. Peak areas were then evaluated by using
the Omnic software (Thermo Fisher Scientific).

Evaluation of oxalate was performed by FT-IR in the
spectral region between 690 and 890 cm ™!, by measuring
for each sample the peak area at around 780 cm ™. Using
the OriginPro 7.5 software spectra deconvolution and
curve fitting was performed. Peak assignment was evalu-
ated on the basis of the data library [9].

Amino acid and protein analysis

An aliquot of each wall painting samples correspond-
ing to 10 mg of powder was dried under nitrogen and
suspended in 100 pL of 50 mM ammonium bicarbo-
nate, sonicated for 10 min, vortexed and centrifuged at
14,000 rpm for 10 min. The supernatants were collected
and subjected to pre-column derivatization in the needle
of the autosampler with OPA-3-MPA, and injected in the
HPLC system as previously reported [10]. Briefly, each
sample (25 pL) was transferred into a conical vial insert
for pre-column derivatization, and the amino acid con-
centration was determined using the calibration curve.
Amino acids were identified and quantified by compari-
son of their retention time and absorption ratio with
those of authentic compounds in the calibration solu-
tion containing 25 amino acids (Asp, Glu, Asa, Asn, Ser,
Glx, His, Gly, Thr, Cit, Arg, Ala, Tau, Tyr, Val, Met, Trp,
Phe, Ile, Orn, Leu, Lys, Oxo-Pro, Sarc, Pro) and norva-
line as internal standard. The analyses were performed
using an Agilent Technologies 1200 Series LC System
(Agilent, Santa Clara, CA) equipped with a binary pump
delivery system, an autosampler to automate the pre-
column derivatization and injection procedure, a heated
column compartment, and a programmable fluorescence
detector. All of the equipment was controlled by Agilent
ChemStation software. An Agilent Zorbax Eclipse XDB-
C18 analytical column (5 pm, 4.6 x 150 mm), was used in
parallel to an Agilent Eclipse XDB-C18 analytical Guard
column (5 pm, 4.6 x12.5 mm) for chromatographic
separations.

For the analysis of proteins, 50 puL of the ammonium
bicarbonate supernatant was also incubated in 5.8 mM
dithiothreitol (DTT) for 5 min at 95 °C for disulfide
bridges reduction and analyzed according to the proce-
dure described by Chambery et al. [11].

Lipid analysis

An aliquot of each wall painting samples correspond-
ing to 50 mg of powder was dried under nitrogen and
C15:0 (10 pg) was added to each powder as an internal
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standard. Methanol (800 pL) and water (170 pL) were
added and the samples were vortex for 3 min. Then,
chloroform (400 pL) was added, and the samples were
incubated on ice for 10 min. Finally, chloroform (400
pL) and water (400 pL) were added to the samples and,
after vortex mixing for 3 min, the samples were centri-
fuged at 3000 rpm for 30 min. The lower layer (lipophilic
phase) was filtered by glass microfiber filter, dried under
a stream of nitrogen, and re-suspended in 500 pL of
BF;/methanol (10%, w/w). Trans-esterification of com-
plex lipids was performed at 60 °C for 20 min. Then, the
sample was mixed with 1 mL of distilled water and the
methylated fatty acids were extracted two times with
1 mL of hexane. The samples were dried under a gentle
nitrogen stream and the residue was dissolved in 100 pL
of CH,Cl,. Aliquots (1 pL) of the samples were analyzed
by GC-FID (HP-5890, Agilent) and GC-MS (GC 8000/
MD800, Fisons Instruments) controlled by a workstation
equipped with MassLab 3.4 software [7].

Results

Wall paintings specimens collected from the Pompeii’s
House of Golden Bracelet are shown in Fig. 1. Before
the analyses of the paint powders, it was first evaluated
the effective amount of paint components present in
each sample. The quantitation was performed by FT-IR
spectroscopy comparing a calcite peak area present in
the sample paint stratum with that of the correspond-
ing underlying calcite used as calibrator. The calcite
wavenumber selected, 2510 cm™' (CaCO; FT-IR spec-
tra, Fig. 2, inset a), was chosen because it occurred in a
spectral region where no overlapping with other infrared
signals from chemical compounds present in the sam-
ples. The amount of paint powder and that of the cor-
responding underlying calcite scraped from each sample
is reported in Table 1. After mechanical treatment, for
each painting sample and for the corresponding underly-
ing calcite, FT-IR peak areas were measured at increasing
amounts of material (7.5, 15, and 30 pg) deposited on ZnS
window. Figure 2 shows the representative FT-IR spectra
of paint and calcite layers. Peak areas were then plotted
for calculation. Figure 3 shows the representative result
obtained for sample S3. On the basis of the plot equations
of the calcite used as the calibrator, it was calculated the
amount of calcite present in each paint powder (Table 2).
From the average of the three values of each sample (S1-
S5), it was calculated the percentage of true paint present
in each scraped painting sample (constituted most likely
of binders, pigments, and decaying compounds) and the
percentage of corresponding calcite (Table 2). The differ-
ent true paint values can be most likely ascribed to the
fact that they are coming from different ruins stored in
the house of Golden Bracelet, Insula Occidentalis.
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Fig. 2 Representative FT-IR spectra of paint powder layer and underlying calcite layer. Spectra of sample S3 (upper panel) and corresponding
calcite layer (lower panel) collected from a 30 ug spot. The area of the calcite peak at 2510 cm ™" (24002700 cm ™) was used for sample
components quantitation. Inset, calcium carbonate FT-IR spectra frequencies
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Table 1 Amount of paint colors and corresponding calcite
powder scraped from Pompeian’s wall painting samples

Sample Paint color scraped  Paint Calcite Calcite
layer color layer
(mg) scraped (mg)
S1 Gray 120 Whitish 100
S2 Red, green 60 Whitish 83
S3 Green, brown 120 Whitish 130
S4 Violet, green 100 Whitish 120
S5 Red 100 Whitish 50
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Fig. 3 FT-IR peakarea (2510 cm™Y) at increasing sample amounts
(sample S3). For each sample spot deposited on ZnSe window, four
spectra were collected and the average peak area, SE and curve
equation was calculated. (Filled square) Underlying calcite layer of
sample S3; (filled diamond) Paint layer of sample S3. SE, standard error

To assess the bio-deterioration and/or deteriora-
tion of each painting samples, it was checked by FT-IR
spectroscopy the possible presence of calcium oxalate.
Calcium oxalate (whewellite and weddellite) show char-
acteristic absorption peak at around 1622, 1319 and
779 cm™! for monohydrate [12], and at around 1643,
1330 and 783 cm ™! for the dehydrate [13]. Using Orig-
inPro software, we analyzed the 690-890 cm ™' region
where spectra deconvolution and peak fitting gave bet-
ter results. The average peak area/ug at 780 cm™' of
each sample is reported in Table 2.

The free amino acid concentrations determined in the
five samples, expressed as mg/kg of powder and as per-
centages, are reported in Table 3. The total amino acid
concentration detected in all samples ranged from 1764
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to 7592 mg/kg of paint. These results were about two
orders of magnitude higher than those reported in pre-
vious works (values ranging from 5.13 [7] to 28.91 [6]).
Samples S1 and S5 showed a total amino acid concen-
tration at least 2.9 times higher than those of samples
S2, S3, and S4. Furthermore, the most abundant amino
acid in samples S1 and S5 was glycine with a percent-
age of 43.6% and 38.5%, respectively. These data were
also in agreement with the free amino acids profiles
detected in a previous study [7] and could be indica-
tive of collagen (animal glue), a protein characterized
by the presence of a high content of glycine, proline,
and hydroxyproline [14]. Instead, in samples S2, S3, and
S4, ornithine was the most abundant amino acid with
a percentage ranging between 20.4% and 27.8%. The
highest percentage of the not proteinogenic ornithine
could be due to the presence in the painting mixture of
components of animal or vegetal origin [15] or might
derive from the conversion of arginine [16]. Regarding
the characterization of proteins, a shotgun LC-MS/
MS analysis was executed on the tryptic paint powder
digest. In this instance, no proteinaceous material was
detected in all samples. This result was also confirmed
by SDS-PAGE followed by Coomassie Blue staining
(data not shown). Overall, these results suggested that
the painting mixture of samples S1 and S5 contained
probably similar organic components that were differ-
ent from those used for the preparation of the painting
mixture of samples S2, S3, and S4.

The analysis of non-polar fractions allowed the iden-
tification of nine fatty acids (Fig. 4 and Table 4). These
were identified as C12:0, C14:0, C16:1, C16:0, C17:0,
C18:2, cis-C18:1, trans-C18:1, and C18:0. Minor peaks
of unidentified compounds were not taken into consid-
eration for calculations. The total amount of fatty acids
ranged from 649 to 1630 mg/Kg. Compared to previ-
ous analyses (values ranging from 63.78 to 509.78 mg/
Kg), these values were on average one order of magni-
tude higher [7]. The lipid contents resulted quite simi-
lar among the five samples, with C16:0, cis-C18:1, and
C18:0 being the most abundant (average 41, 14, and
31%, respectively). The ratio of C16:0/C18:0, used to
distinguish animal fats from plant oils [17], was in all
samples > 1 thus indicating the possible presence of fat
of animal origin [18, 19] or a mix of different type of
fats (animal or vegetal). However, in the work of Ever-
shed et al. [20] it is reported a C16/C18 value<1 in the
case of the animal sample like the lamp, and >2 in the
case of dripping dishes. Therefore, the identification of
the origin of the fats or indicating if they are mixtures
of fats is not straightforward [20]. These figures were
similar to those reported in our previous study on Pom-
peian’s wall paintings [6, 7] but differ from that found
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Table 2 Amount of calcite estimated by FT-IR and percentage of painting components evaluated in each Pompeian’s

painting samples

Paint samples Amount of paint True paint (%) Calcite (%) Oxalate peak Organic Pigment + other organic
powder weighed (pg/ area/ug material material + decay compounds
spot) (780 cm™") (AA+FA) (%) (%)

7.5 15 30
Amount of calcite
measured in the paint
powder (pg)

ST 5.71 695 618 38.20 61.8 0.52 0.88 37.32

S2 5.67 887 603 39.70 60.3 0.66 0.37 3933

S3 527 973 590 410 59,0 0.68 0.31 40.69

S4 4.89 707 582 41.80 582 044 0.24 41.56

S5 295 1077 560 440 56.0 0.57 0.73 43.27

Average 4.90 8.68 59.06 4094 59.06 0.57 0.506 4042

SD 1.14 1.66 2.19 219 2.19 0.099 0.28 2.25

CV% 2325 19.18 3.70 5.34 3.70 17.31 55.69 5.57

AA amino acids, FA fatty acids

Table 3 Amino acid profiles in the Pompeian’s painting samples

Amino acids Sample S1 Sample S2 Sample S3 Sample S4 Sample S5

mg/kg % mg/kg % mg/kg % mg/kg % mg/kg %

Arginine 34 04 36 17 58 26 21 12 132 20

Citrulline 90 12 79 3.8 56 25 34 19 131 20

Lysine 57 0.8 55 26 14 0.6 18 1.0 163 25

Ornithine 402 53 449 215 632 27.8 359 204 209 32

Asparagine 49 0.6 ND 0.0 ND 0.0 ND 0.0 ND 0.0

Glutamine 139 18 93 4.5 ND 0.0 ND 0.0 37 06

Glutamate 501 6.6 189 9.1 142 6.3 221 125 491 74

Aspartate 240 32 81 39 53 23 37 2.1 171 26

Tyrosine 107 14 48 23 55 24 28 1.6 75 1.1

Phenylalanine 92 12 144 6.9 60 26 136 7.7 136 2.1

Isoleucine 114 1.5 122 58 100 44 78 44 114 17

Leucine 155 20 42 20 150 6.6 46 26 155 24

Proline 670 8.8 164 79 456 20.1 337 19.1 505 7.7

Threonine 41 0.5 80 38 24 1.1 18 1.0 158 24

5-oxo-Proline 900 1.9 169 8.1 189 8.3 140 79 215 33

Alanine 476 6.3 30 14 31 14 28 16 531 8.1

Serine 213 2.8 61 29 65 29 54 3.1 836 12.7

Glycine 3311 436 244 1.7 187 82 209 118 2536 385

Total 7592 100 2087 100 2272 100 1764 100 6595 100

ND not detectable

in the sample from Liternum where more components
of animal origin were present [21]. The other lipids
C12:0, C14:0, C16:1, C17:0, C18:2, and trans-C18:1
accounted for 2.2, 5.7, 1.2, 1.5, 2.1, 3.0%, respectively of
the total lipid content. The presence of the odd-number

carbon chain (C17:0) might be indicative of ruminant
fats [2, 19, 20]. However, in this case, no long fatty
acids or alkanes (neither odd-numbered linear hydro-
carbons) were revealed, unless aging and/or artificial
degradation of beeswax by temperature may have been
occurred [22].
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Fig. 4 GC-FID analysis of methylated fatty acids in sample S1. Peaks:
1,C12:0; 2, C14:0; 3, phthalate; 4, C16:1; 5, C16:0; 6, C17:0; 7,C18:2; 8,
C18:1 cis-9; 9, C18:1 trans-9; 10, C18:0. IS internal standard (C15:0)

Discussion

The accurate analysis of Roman’s wall painting compo-
nents might be conditioned by the use of an efficient
extracting method. Therefore, to improve the extrac-
tion process a mechanical pulverization of the painting
powder was performed. In fact, the solid paint powder
matrix might be compared to particles formed by an
impermeable core covered by a porous organic layer.
Efficient quantitative extraction must overcome inter-
actions between analytes and matrix [23] thus, the fine
reduction of particle size might assist the subsequent
solubilization process [24]. Even though this proce-
dure is well known, we addressed our work to assess if
it could lead to a better extraction yield with respect to
the procedure adopted in our previous works. The pul-
verization method was applied on five sporadic Pom-
peian wall painting specimens from Pompeii’s House of
Golden Bracelet, Insula Occidentalis. The paint powder
withdrawn from these samples was quantitated using a
method based on FT-IR and was used to measure more
accurately the weight of binders, pigments, and decay-
ing compounds present in the painting powder. In fact,
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by summing the amount of total amino acids and lipids
(in mg/kg) and convert it to percent unit, we obtained
0.88% of organic matter for S1, 0.37% for S2, 0.31% for
S3, 0.24% for S4 and 0.73% for S5 (Table 2). These val-
ues represented the total amount of organic binder ana-
lyzed. Subtracting these values from the corresponding
true paint percentage, we obtained the percentage val-
ues of pigments plus other organic compounds plus
decaying compounds i.e.: 37.32% for S1, 39.33% for
S2, 40.69% for S3, 41.56% for S4 and 43.27% for S5.
Regarding the decaying compounds, because the for-
mation of calcium oxalates (whewellite and weddellite)
result from the bio-deterioration and/or deterioration
of binders in ancient paintings [13, 25, 26], we tried to
weigh up their presence by measuring the FT-IR peak
area/pg of sample at 780 cm ™' (Table 2). Interestingly,
the ratio between organic material percentage and the
corresponding oxalate area/pg resulted higher in sam-
ple S1 and S5 (1.69 and 1.28, respectively) compared
to samples S2, S3, and S4 (0.56, 0.45, and 0.54, respec-
tively), thus suggesting that samples S1 and S5 were
probably less bio-deteriorated/deteriorated compared
to samples S2, S3, and S4. This observation is some-
how in agreement with the higher content of ornithine
found in samples S2, S3, and S4 compared to samples
S1 and S5. It must be pointed out that these samples
were collected from the same archaeological site of the
specimens utilized in our previous studies: Villa Impe-
riale [6] and the house of Marcus Fabius Rufus [7]. All
these fragments were stored in a preserved area of the
site in order to avoid further environmental contamina-
tion. Moreover, because most specimens had same dat-
ing (from the first-century B.D. to first century A.D.), it
could be assumed that they have more or less approxi-
mate levels of degradation/preservation as suggested by
FT-IR calcium oxalate assessment. Furthermore, most

Table 4 Fatty acid contents in the five Pompeian’s painting samples

Fatty acids Sample S1 Sample S2 Sample S3 Sample S4 Sample S5

mg/kg % mg/kg % mg/kg % mg/kg % mg/kg %
C12:0 16.1 13 26.6 1.6 176 2.1 223 34 214 2.7
C14:.0 90.1 7.3 79.5 49 393 4.6 413 6.4 457 57
c1e:1 12.0 1.0 14.3 09 1.9 0.2 164 25 14.0 1.8
c16:.0 5411 437 557.8 342 402.6 471 2741 42.2 316.8 39.6
C17:0 184 15 22.7 14 123 14 14.0 22 104 13
c18:2 14.1 1.1 215 1.3 4.9 0.6 7.0 1.1 104 13
cis-C18:1 1332 10.8 4719 29.0 18.0 2.1 754 11.6 137.7 17.2
trans-C18:1 155 13 252 1.5 6.8 0.8 185 2.8 116 14
C180 397.2 321 410.5 252 3514 41.1 180.3 272 2311 289
Total 1237.8 100 1630.0 100 854.8 100 649.2 100 799.2 100
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of these specimens were also comparable for the type
of color (pigments) used by artists such as red, green,
brown and yellow [27].

The analytical procedure adopted allowed to obtain a
recovery of lipids and amino acids of about one order and
two orders of magnitude higher, respectively compared
to our previous works. The differences can be most likely
ascribed not only to quantitation method used to correct
the amount of paint powder but also to more efficient
extraction of the components after mechanical pulveriza-
tion of paint powders. As found in our previous works [6,
7], also here the results showed in all samples the absence
of proteinaceous material, even though the analysis was
performed by ESI-Q-q-TOF, a high sensitive technique
that allowed instead to highlight the presence of protein
in a specimen form Liternum archaeological site [21].
Also the presence of free amino acids such as Ala, Ser,
Pro, Asp, and Glu, at a concentration (2-3%) propor-
tional to that present in different cereals and/or fruits,
was observed [28, 29]. Moreover, additional lipids were
detected such as C12:0, C14:0, C16:1, C17:0, and C18:0,
thus confirming the improvement of the extraction pro-
cedure. The lipid profile (Table 4) suggested that oils of
different origins were likely added to painting mixtures
in agreement to Duran et al. [30] where the identification
of non-polar organic material derived from oils or waxes
in Pompeian’s paintings was reported. Our findings,
together to those reported in our former analyses, con-
firm the hypothesis that Pompeian’s artists generally used
a tempera or “a secco” technique made of colored pig-
ments mixed to animal and/or vegetable organic binders
to prepare the painting mixtures. Of course, the quality
and the quantity of the results obtained might be influ-
enced by the paint deterioration due to aging and envi-
ronmental degradation [2].

Conclusions

In conclusion, the combination of the two pre-analytical
procedures here described, the pulverization of the paint
powder and the correction of the paint weight, lead to the
more efficient recovery of organic materials. This aspect
plays an important role for the qualitative and quantita-
tive identification, by using different analytical methods,
of the nature of polar and non-polar organic binders, and
of pigments present in wall painting samples [6]. The use
of this approach in future investigations on possibly more
preserved archaeological samples will allow new perspec-
tives in art and archaeological fields and for studying
human habits [31].
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