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Featured Application: Cleaning of cultural heritage assets.

Abstract: Cleaning of old icons requires special attention to selecting the processes and systems
compatible with the chemical nature and adhesions of the deposits, to not affect the polychrome layer
or their conservation status. The study was carried out on a 19th century icon made in fat tempera,
on a thin layer of preparation that presents fouling. The cleaning was done using extracts obtained
from sage, St. John’s Wort, and, respectively, licorice root teas obtained through different extraction
processes: microwave, ultrasound, boiling, and room temperature, respectively. The washing capacity
of the new system used was analyzed by analytical methods of assessing the cleaning degree: UV-Vis
reflection, reflective colorimetry type CIE L*a*b*, co-assisted with optical microscopy and scanning
electrone microscopy (SEM-EDX).

Keywords: ecological solutions; washing test; conservation status; OM; SEM-EDX; reflective
colorimetry type CIE L*a*b*

1. Introduction

The cleaning of old paintings is an important step in the restoration process, because in order to
remove dirty and adherent deposits it is necessary to know the conservation status and the impact of
the solutions used in cleaning.

To date, the dispersed systems involved in washing have varied greatly, from aqueous solutions
to those based on organic solvents [1-7], with or without surface additives-surfactants [8,9],
hydrogels [10-12], ionic liquids [13-20], or enzymes [21-25], some of which are highly toxic to
the operator.

An often-used modern procedure consists of the volatilization of the dirt by laser pyrolysis, but
which becomes highly invasive for varnishes and color layers if used inadequately [26-33].

In recent years, attempts have been made to obtain environmentally friendly washing solutions
based on aqueous dispersions obtained from colorless, freshly prepared juices, from vegetables or
green plants, and from dried herbal teas, containing surfactant and emollient chemical components,
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such as: saponins, colorless tannins, poorly colored carotenoids (lutein and zeaxanthin), enzymes,
glucosides, alkaloids, etc.

In addition to the emollient effect of polyphenols and the degreasing effect of organic acids, they
also have a good enzymatic dirt washing capacity. From among the main extracts historically used in
washing processes, especially in traditional ethnographic practices, we mention the washing of carpets,
rugs, and other polychrome artistic fabrics with cabbages, potatoes, onions, and other vegetables.
Conversely, the literature is very scant with respect to the cleaning of paintings, with some information
available on the use of uncolored vegetables juices [34—41].

This paper concerns the washing capacity of organic aqueous systems based on colorless teas of
sage, St. John’s Wort and licorice roots, obtained through various processes: microwave, ultrasound,
boiling, and room temperature, respectively. The washing capacity of the resulting systems was
analyzed by analytical methods to evaluate the cleaning capacity: UV-Vis reflection, reflective
colorimetry type CIE L*a*b*, directed with OM and SEM-EDX.

2. Materials and Methods

2.1. Description of the Icon and the Conservation Status

The experiment used a 19th century icon of Martyr Saint George (description on the icon as
follows: Sf. Mucenic Georgiel) in Figure 1a, which is part of the collection of the Saint George Church
of Spineni village, Iasi County, Romania. The icon is made in fat tempera, on a lime-wood stand, by
an unknown painter, and has the following dimensions: length 96 cm, width 67 cm, and thickness
3 cm. The wooden support is made from a single wooden panel, radially fashioned, supported on the
back by two crosspieces from the same wood species, interlocking the panel at the ends (Figure 1b) for
better stability and durability. A bent nail is found at the top of the panel (on the edge), which served
as a wall hook (Figure 1c).

Figure 1. The icon “Saint George” (a)—front, (b)—back; (c)—icon top edge.

The painting was done in a naive neo-byzantine style. The theme of the icon and its dimensions
support its liturgical role as a royal icon of feasting type, initially located on the iconostasis, on the
right side, after the deacon’s door, and currently being stored as heritage good.
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The icon had fouling from the handling that interacted with the varnish, which through
oxidation developed into degradation products with a dark appearance. The studies performed
on the deposits showed that the icon has a good conservation status, though with a layer of dirt,
enhanced by deterioration/degradation accumulated over time as a result of multiple physical-chemical,
microbiological, biological, and climatic (temperature, humidity, light) factors, of age, and due to
inadequate storage conditions, improper handling, prolonged exposure under improper conditions.
This led to the aging of the varnish materials and of the pictorial layer.

In the creation of the icon, a series of pigments were used that were chosen to give the painting a warm
note or to make the transition from warm to cold hues (Figure 1). The back of the icon was treated with flame
retardant solutions for the purpose of thermal stabilization by laminating the wooden support (Figure 1b).

2.2. Aqueous Systems Used in Washing Operations

2.2.1. Materials

Commercially available plants, namely St. John’s Wort Tea (S1), Sage (S2) and licorice roots
(53), were divided into mechanical grinders with stainless steel knives and sieved to a particle size
of 1.00 mm. Using high-purity bi-distilled water (milliQ), R = 18.2 (}), aqueous suspensions were
prepared, in gravimetric ratio powder from the plant:water of 1:2.

2.2.2. Devices and Instruments

The weightings were performed on a WPS 210/C/2 Partner analytical balance, with a precision to
the third decimal point (Error 0.001 g), while the samples were duplicated. The resulting solutions
(aqueous extract) were centrifuged using a Mikro 22 R (Hettich, Germany) centrifuge. Ultrasound
extraction was performed on an ultrasonic bath Selecta Ultrasons for 10 min. The absorption spectra
were made using a UV-visible spectrophotometer Libra 535 PC UV/VIS (Cambridge, UK) with 1 cm
matched cells of quartz, in the wavelength range A = 200-700 nm.

2.2.3. Extraction Conditions

Because we initially focused on the influence of some activators on the extraction capacity of
the active cleaning components, from the water-dispersed powders, to be used in the process of
cleaning the deposits from the icon, this first stage consisted of four extraction conditions. Thus, in
12 Erlenmeyer flask there were dispersed 10 g of powders of the three plants (Sage, St. John’s Wort and
licorice roots), in 20 mL of distilled water, obtaining three sets of four samples, in aqueous dispersion
form: St. John’s Wort (S1), Sage (52) and Licorice (S3). Each set of four samples [(Si), wherei =1, 2 and
3] were subjected to microwaving (5iM), ultrasound (SiU), boiling (SiB), and room temperature (SiE),
respectively, the latter serving as the comparison sample or standard.

The microwave extraction process was done by introducing the three vials with the S1, S2 and S3
dispersions, in a microwave oven at 300 W power, for 3 min. These samples were labelled S1M, S2M,
and S3M. Ultrasound extraction was performed in a similar manner by placing the following set of three
vials with the same dispersions on a water bath for 10 min. In this case, the three samples were labelled
S1U, 52U, and S3U. In the last case, of the boiling extraction, other three vials were placed in a water
bath at 100 °C for 10 min, when the samples were indexed S1B, S2B, and S3B. The extraction at room
temperature was performed at 23 °C for 24 h, and the samples were labelled S1E, S2E and S3E, and used
in evaluations as a reference system. All of the 12 samples were filtered using a Buchner funnel with G3
fry plate, and after filtration they were left idle for 5 min, then diluted by adding 20 mL of distilled water
and centrifuged to 50 mL test tubes, for 5 min at a speed of 6000 rpm. From each resulting centrifugation
supernatant, 100 uL of sample were collected, which were inserted into an Eppendorf tube over which
900 pL of distilled water was added for dilution. The exception was the licorice roots extract, which was
diluted with 1900 pL of distilled water. The diluted samples were again centrifuged for 5 min, at a speed
of 18,000 rpm, and spectrophotometrically analyzed for the range A = 200700 nm.
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2.2.4. Supernatants’ pH

For each supernatant sample, the pH of the dispersion was determined using a pH-meter type
Hanna Precision pH 211 microprocessor model (Merck, Sigma-Aldrich, Taufkirchen, Germany).

2.3. Methods and Analysis Techniques Used in the Identification of Pictorial Material

Initially the icon was subjected to non-destructive analysis (without sampling), which was
performed by: direct observation, with the naked eye or using optical magnifying instruments:
magnifying glass, binocular wind, and stereomicroscope, respectively.

The determination of the conservation status of the pictorial layer and the slope was achieved
by analyzing the homogeneity of deposits by UV-VIS and IR and by optical microscopy using a Carl
Zeiss Axio Imager Alm instrument (Hamburg, Germany), at a zoom of 50-200%, with an attached
AXIOCAM camera and using a specialized software.

The analysis of painting materials (composition and micro-structural morphology) was carried
out using a scanning electron microscope (SEM), model VEGA II LSH, produced by TESCAN Czech
Republic (Brno, Czech Republic), coupled with an EDX QUANTAX QX2 detector, manufactured by
BRUKER/ROENTEC Germany (Berlin). Sample analysis was performed at X200 to x2500 zoom with
an accelerating voltage of 30 kV, and the working pressure was less than 1 x 1072 Pa. The resulting
image was formed by secondary electrons (SE) and backscatter electrons (BSE).

Both optical and electron microscopy was used in the collection and processing of samples from
areas affected by partial reversible deterioration.

2.4. Sampling Areas and Indexation of Pictorial Material Samples

To carry out the analyzes, six representative samples were taken from the pictorial layer (Figure 2),
from the area with detachments, which were indexed as follows: F1—blue background, F2—aureole,
F3—carnation, F4A—green background, F5—red garment, and F6—blue garment.

Figure 2. The sampling areas and those used for the washing test in the pictorial layer of the “Saint
George” icon: Fl—blue background; F2—aureole; F3—carnage; F4—green background; F5—red
garment; F6—blue garment.
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2.5. Selection of Areas and Elaboration of the Experimental Washing Protocol

Since the deposits of fatty dirt were evenly distributed on the surface of the icon, the blue background,
with ultramarine and considered a stable color and slightly affected by the environmental factors, located
towards the upper left side of the icon, was selected as the area for performing the washing tests.

In Figure 2, on the surface of the blue background, a three-series system of 13 squares, grid type,
with 15 X 15 mm dimensions, was cut out of millimeter paper and glued to the chosen surface. Of these,
the series with 13 shades very close to colorimetric (CIE L*a*b*) and with a uniform dirt layer were
selected. The first square was used as a standard, and the next 12 for the supernatants.

To carry out the washing tests, the 12 supernatants were labelled as in the production protocol,
as follows: S1—St John’s Wort extract, S2—Sage extract and S3—Licorice extract, followed by the
initial extraction conditions (B—Boiling, M—Microwave, U—Ultrasound and E—Room temperature).
The washing capacity has been analyzed, similar to with other previous studies [34-39], by direct
eye observation, visible, and UV reflectrography and by reflection colorimetry, CIE L*a*b*, using the
FLICKINER RT Series colorimeter (Reflectance Tintometer). This allowed the chromatic deviation to
be recorded directly on the sample, before and after washing.

The use of the washing test is mandatory because the cleaning can affect the integrity of the noble patina,
the lacquers, and other degraded polychromes, which are easily soluble during washing. Since often in
washing there is the risk of exudates, of degreasing with varnish and polychrome layers” dulling, activation and
accentuation of crackles, exfoliation of the pictorial layer and loss of material, diffusion of dirt and components
of the pictorial layer, it must be ensured that each step is preceded by the operation of emolliating (watering)
with a weak alkaline aqueous solution based on ammonium hydroxide 0.5-1.5% (NH,OH 25%)

The washing was carried out in several alternative steps, by wiping with cotton wool sticks. Each
cleaning step consisted of erasing the area with the soaked stick in the test supernatant, by passing it
once in a certain direction, then immediately after washing the surface of the carriage was wiped with
a semi-moistened stick, alternately in perpendicular directions. The operation was repeated 5 times, at
intervals of 5 min, each time measuring chromatic deviation.

3. Results and Discussions

3.1. Study of Dispersed Systems Used in Cleaning

To determine the cleaning efficiency of the dirt layer on the objects painted on wooden substrate,
the capacity of extraction of the active components by processes such as: boiling, ultrasound, microwave,
and at room temperature is evaluated.

Cleaning the dirt layer with the supernatant of St. John’s Wort, sage, and licorice is a non-invasive
procedure which does not affect the aging of the paint layer.

3.1.1. Supernatants pH

The 12 supernatant samples have close pH domains - weakly acidic (Table 1), with the extraction
conditions imposing insignificant variations. The St. John’s Wort had the lowest pH between 4.46 and
4.54, while the sage and licorice roots had slightly higher pHs, without respecting the same levels of
evolution. In the case of the licorice roots, ultrasounding conferred the highest pH.

As the acidic pH affects the paint layer, it has been corrected to neutral or weak alkaline.

Table 1. pH values of supernatants.

Supernatant pH Supernatant pH
S1E 4.54 S1B 4.54
S2E 6.25 S2B 5.99
S3E 5.29 S3B 5.72
S1U 4.47 SIM 4.46
S2U 6.07 S2M 6.01

S3U 6.50 S3M 5.77




Appl. Sci. 2020, 10,1175 6 0f 12

3.1.2. Evaluation of the Extraction Capacity

To evaluate the extraction capacity by activating the dispersion involving ultrasound, microwave,
boiling, and room temperature conditions, the absorbance graphs of the evolution were compared
according to the wavelength for each sample.

St John’s Wort samples. For the supernatant obtained from the St. John's Wort dispersion, the
absorption spectrum in Figure 3 shows a maximum at Apmax = 330 nm. The differences between the Amax
absorbance for the St. John’s Wort samples extracted at room temperature and the microwave-activated
ones is relatively small of about 0.080 (0.503 vs. 0.583), whereas, by ultrasound and boiling, higher
values were obtained (0.874 vs. 0.655), the difference between them is 0.219, and compared to the first
one ranging from 0.291 to 0.371. The evolution of the absorption curves according to the wavelength
does not correlate with the pH of supernatant, the range of variation being between 4.46 and 4.57.
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Figure 3. Evolution of absorption curves according to the wavelength and comparison of the absorption
levels from Amax for the St. John’s Wort supernatants activated by the four conditions.

In relation to these samples it can be stated that ultrasound and boiling allow efficient extractions
to be obtained in active components.

Sage samples. In the case of the sage supernatant, from the UV-Vis spectrum (Figure 4) it can be
observed that it absorbs at the absorbance values at Ajax = 270 nm and is similar to the first case, in the
evolution of the four extraction conditions: ultrasound (0.876), boiling (0.649), at room temperature
(0.515), and microwave (0.434). Although the level of absorbance values derive for the four extraction
conditions, conformant to the same laws as in the case of the St. John’s Wort, in this case, too, the
supernatant obtained by ultrasound proved to be the most efficient (almost double, compared to the
one obtained with microwaves). In this case, the evolution of the absorption curves according to the
wavelength also does not correlate with the pH of the supernatant, but the range of variation is smaller,
between 5.99 and 6.25.

Licorice roots samples. From Figure 5 it is observed that the most efficient extraction process for
licorice roots is the ultrasound process. If we report at the absorption maximum at 270 nm, from the
UV-Vis absorption spectrum it can be seen that the ultrasound supernatant is more efficient compared
to the one obtained with microwaves (0.973 vs. 0.459). Although the four supernatants have the
same action for the activation processes, however, it can be seen that the microwave supernatant
inhibits the extraction of active ingredients from licorice roots, the absorbance being much lower than
the supernatant obtained at room temperature (0.459 vs. 0.603). For this case, the evolution of the
absorption curves according to the wavelength correlates with the pH of the supernatant, the range of
variation is wider, between 5.29 and 6.50.
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Figure 5. Evolution of absorption curves according to the wavelength and comparison of the absorption
levels from Amax for the licorice sample supernatants activated by the four conditions.

The supernatant with the active principles in the highest concentration was obtained for the
licorice roots under the ultrasound conditions, and the lowest for the sage through microwaving. For
all supernatants, ultrasounding, followed by boiling and room temperature, is more efficient than
those with microwave extracts.

3.2. Nature of Painting Materials and Their Conservation Status

Analyzing the six samples under the optic microscope, the morphology and the conservation
status of the varnish, binders, and the pigments were assessed. Initially, the samples taken were
studied at several magnification levels (50x and 200x), but the one with good resolution, shown in
Figure 6, were made with a magnification of x100.

Previously, through visual analysis, the crackles of the varnish and of the polychrome layer were
revealed, alongside the fragility of the preparation layer, and the presence of gaps in handling and
use. Likewise, in the areas with adherent deposits, oxidized or thermally corroded deposits were
highlighted. These microdeteriorations and degradations were also identified on the six samples
analyzed by optical microscopy.
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Figure 6. The 6 samples area taken from the pictorial layer of the Saint George icon (x100): F1—blue
background; F2—aureole; F3—carnage; F4—green background; F5—red garment; F6—blue garment.

The conservation state of the polychrome materials was further confirmed by the SEM analysis
(Figure 7) based on the chemical composition changes evaluated from the EDX spectra, using the same
samples analyzed by OM.

The elemental composition data from Table 2 confirm fine changes in the chemical nature of
the main pigments used in the icon making, the boiling oil as a binder and the rosin-based varnish,
some under the influence of organic dirt deposits, which have undergone anchoring or cornering
processes, together with the presence of exudates from touch of fingers and lips. Significant changes
were undergone by carbon and oxygen, then iron and lead by carbonation processes.

Since most of the pigments are part of the colored earths group in the oxides form,
crystallo-hydrates, water, and hydro-complexes, which have good stability and climatic resistance, it
was possible to highlight the main colors used in the work.

W
ze"'y e

o
- g s - -
feld: 2262 pm  WD:16.60 mm (Eear e Seld: 1533 pm WD 16.39 mm
SEM HV: 30,00 KV e

Det: BSE Deloctor 50 pm.

Figure 7. SEM microphotographs of the 6 samples: F1—blue background; F2—aureole; F3—carnage;
F4—green background; F5—red garment; F6—blue garment.
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Table 2. The elemental composition of the 6 samples analyzed.

The Elemental Composition in Gravimetric Percentages (%)

Sample
Si Al Fe Pb Ca Mg Zn Cl Na Ti K P S C o
F1 1704 0.780 0.352 5589 4963 - 21.642 0237 0.164 - 0373 - 3291 13.944 45433
F2 1245 1433 0541 4.709 2.068 1.144 1.299 - 2373 - 0389 - 0.674 19.596 63.952
F3 2433 1365 0.623 5.654 1730 0.938 1.104 0.602 2330 - 0.550 0.385 - 13.822  68.456
F4 14.535 9.040 0.723 - 3.793 4435 1325 2999 6309 1.165 2.281 - 5.051 12939 35.396
F5 13.798 5.521 2.618 4505 1.369 7.786 - 1.704 0.578 1.945 1184 6.699  44.623

F6 2.066 1222 0.715 5362 2469 0.599 1.365 - 1.626 - 0.521 0.375 2194 14.166 67.312

Thus, the blue background (F1) and that of the garment (F6) has in its composition ultramarine
blue (Nag.10AlgSigO24S;.4), combined with white lead (2PbCO3ePb(OH),) and zinc white ZnO. In the
aureole sample (F2), there were identified yellow based on litharge (PbO), lead white, and zinc white.
The carnation sample (F3) contains the mixture from F2 combined with red earth (NayAlgSigS;054).
The green background (F4) contains green soil— K[(Al,Fe!™"),(Fe!!, Mg](AlSis,Siy)O10(OH),, lead white,
and zinc white. The red garment in sample F5 contains red earth mixed with zinc white.

3.3. Efficiency Assessment by Supernatant Cleaning Tests

Of the pictorial materials, the most resistant to the processes of washing by wiping with cotton
sticks soaked with the solutions under scrutiny proved to be earth-based ultramarine blue from the
upper left background behind the Saint. Figure 8 presents in the grid system the 12 squares in which
the cleaning was carried out with the 12 supernatants and which were compared with the first square,
according to the presented protocol.

SIM S2M S3M S1E

R S1B S2B S3B S1U S2U S3U S2E S3E
PR Y b g : g o i, T N =y
F - . ."-»'"\__ i i g i ! -_/‘“-,, ] il . A

Figure 8. Cleaning tests.

Comparing the cleaning capacity of the 12 extracts according to the AE* values for the tests
performed after five consecutive removal operations (Figure 9), a decrease is observed as follows: S2U
>S3E >53U >S3B >S3M >51U >S2E >S1E >S1B >S1IM >52B >52M. It can be said that besides the
supernatant of sage by ultrasound, the one of licorice roots obtained through the four conditions is
more efficient in the washing operations. The St. John’s Wort, located at the third position, despite
having a high content of flavonic glycosides, its astringent character places it after sage, which contains
volatile oils represented by terpenic substances, thione, thiol, salven, sabinol, tannins, bitter principles,
glycosides, polyphenols, and resins, respectively after the licorice roots containing triterpenic saponins,
phytosterols and flavonoids (licirizine), components recognized as emollients and capable of washing
through the micellar systems and the microfoaming they produce.
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S3U S1E
S3E

S1B S2B S3B S1M S2M S3M S1uU S2U S3U S1E S2E S3E
1.378 1.319 1.267 1.544 1.532 1.466 2.041 2.987 2.150 2.098 1.929 1.852

1.637 1.751 1.793 1.995 1.835 1.851 2.497 3.889 2.978 2.297 2.543 2.678
2.400 2.544 2.829 2.665 1.928 2.260 2947 4771 3.496 2.541 2.958 3.372
3.095 3.053 4.391 3.543 2910 3.644 @ 4.213 5.769  4.801 3.240 3.865 4.583
| 4,717  4.131 5.919 4.606  3.540  5.896 5.817 7.510 7.166  4.782 4.990 7.219

Figure 9. CIEL*a*b* colorimetry with the extracts obtained by boiling (S1B-53B), microwave (SIM-S3M),
ultrasound (S1U-S3U) and at room temperature (S1E-S3E).

4. Conclusions

The evaluation of the washing efficiency of the aqueous extracts from St. John’s Wort, sage and
licorice roots powders obtained in the four conditions (boiling, microwave, ultrasound and at room
temperature) on the icon made in fat tempera, was done by CIE L*a*b* colorimetry.

The measurements of the surfaces cleaned with the natural extracts revealed that the sage
supernatant obtained by ultrasound proved to be the most effective (almost double, compared to the
one obtained with microwaves).

The supernatant with the highest content of active principles was obtained under the conditions
of ultrasound from the licorice roots, and the lowest for the sage by microwave.

From the research results we concluded that the supernatant extracted by ultrasound and boiling
from the St. John’s wort, with highest content of active components, allows a good emollition as well
as washing.

For all supernatant extraction by ultrasound, followed by boiling and room temperature, is more
efficient than those with microwave extracts.
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