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Abstract

Cultural heritage sites often experience the unfavorable alteration of biodeterioration of
mural paintings and wall inscriptions. Controlling or preventing biodegradation that may
occur has been achieved through the use of various treatment methods, such as physical,
chemical, and environmental control procedures. Regrettably, these treatments are often
highly toxic to the health of conservators and visitors. Moreover, it causes pigmentation, is
expensive, has low long-term results, and has poor long-term effectiveness. The use of
Ag@ZnO core shell prototype in the field of cultural heritage was the first time in this
research. The application was made to a painted wall inscription that dates back to the
Middle Kingdom of ancient Egypt. A one-step chemical method was used to synthesize
Ag@ZnO and it was examined using XRD, TEM, BET surface area, and Raman. These tests
proved that the silver's core shell covered the zinc oxide's core and confirmed its purity. The
painting on the wall was analyzed by SEN-EDX, Raman, and XRD analysis, and it was
determined that the stone was limestone, the pigments were (Carbon for black pigment,
Hematite for a red pigment, and Egyptian blue for blue pigment). These pigments and animal
glue were combined to create the binding medium. The painted wall inscription was treated
with Ag@ZnO treatments using a spray technique with a 5% concentration. The
spectrophotometer was used to confirm that the color change has been below 5. This
treatment method is non-hazardous, can be utilized both in vivo and in vitro, and does not
necessitate the required environmental atmosphere or UV index.

Keywords: Nano Zinc Oxide; Nano silver; Core/shell; Sterilization; Painted wall inscription;
Cultural heritage; Biodeterioration

Introduction

Nanotechnology has been considered a multidisciplinary branch of science for the past
two decades, and it has led to various concerns. Due to its versatility, it can be used in various
scientific fields, including biomedical, pharmaceutical, agricultural, and environmental.
Nanotechnology has been utilized in advanced materials, chemical sciences, physics,
electronics, information technology, and similar subject areas, such as cultural heritage [1-5].

Nanostructures that contain a core and a shell are called core-shell nanostructures. One
material can be used for the inner core, but a different material can be used for the shell. The
shell core nanostructures of the crust are significant because they can enhance physical and
chemical properties, leading to improved interaction on its surface, stability, and durability [6,
71.
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Core-shell nanostructures' synthesis and design are influenced by two factors: the mix of
the inner core material, the case shell material, and its face energy. If both elements have a high
face energy, the shell-core nanostructure won't form, but the composite will form [8, 9].

In many industrial fields, the Ag nanoparticle is widely used as an anti-bacterial, anti-
viral [10, 11], and anti-inflammatory nanoparticle [12]. Chemical, physical, and green
techniques have been utilized to implement various synthesis methodologies or fabrication
methods for silver nanoparticles [13,14]. Precipitation [15], hydrothermal [16] and
sonochemical [17] are examples of these methods. Silver nanoparticles become yellowish when
exposed to UV radiation, despite their great importance, causing a major issue for cultural
heritage [18]. ZnO nanoparticles play an antibacterial role in wastewater treatment, historical
painting sterilization, medicine, and bioremediation [19-22]. Consequently, there have been
multiple approaches taken to synthesize zinc oxide. As well as the methods of precipitation
[23], hydrothermal [24], and sonochemical [25], there are also green syntheses and ecofriendly
processes [26, 27]. Nanoparticles have a range of unique properties, including optical-electrical
properties [28], electronic properties [29], and photocatalytic properties [30] associated with the
Ag@ZnO core/shell, metal core @ metal oxide shell. The thickness and discipline of the shell
layer determine the chemical and physical properties of these materials, which is worth
mentioning [31]. It is employed as an antibacterial to finish the disinfection process of bacteria
such as E. coli and S. aureus within 60 to 90 minutes respectively at 35°c and in 45 to 60
minutes at 55°¢. [32].

Biodeterioration of mural paintings is a significant factor in the destruction of cultural
heritage [33,34]. Microbes have a significant impact on the decomposition of mural paintings;
they are mechanically transported through the hypha [35, 36]. Chemically, metabolism is the
process [37]. The painted layer's patina and pigments can be discolored by aesthetic damages
that occur [38]. Numerous methods have been utilized to manage this deterioration factor, but
unfortunately, most of these methods have shortcomings and could result in further decay [39-
41].

An innovative nanotechnology technique called Ag@ZnO core/shell was utilized by us
in this research paper. The methodology of microbial inhibition is novel because there hasn't
been any research paper conducted using it in the field of cultural heritage. A simple one-step
chemical method was used to synthesize the core/shell structures of Ag@ZnO. It was employed
to prevent certain microbes that typically cause harm to wall inscriptions or mural paintings.

Experimental part

Media: Malt extract agar

The preparation process for this media was based on [42,43] and involved the use of
Malt extract 20g. L™, Peptone 10g. L', Glucose 20g. L™, Agar 20g. L'}, and Distilled water 1L.
The pH medium was adjusted at 5.5.

Materials

Oxford Company, India produced all of the chemicals used, including Zinc Acetate 99%,
Absolute Ethanol 99.9%, Silver Nitrate and Tri-Sodium Citrate, which are analytical grade.

Synthesis of silver Nano-particles

Precipitation is used to synthesize nano-particles and silver nano-particles that are
reduced by tri-sodium citrate (TSC) [44]. 50mL of deionized double-distilled water is heated to
boiling, resulting in the dissolution of 0.001M of AgNOs. By dripping, 0.01M of TSC drop is
applied until the color turns pale yellow. Lastly, allow the solution to cool at room temperature
and away from direct sunlight. The following equation represents the synthesis mechanism:

4Ag4r + CsHsO7Na3 + 2H,O — 4AgO + CsHsO7H3 +3Na*+ H" + 021 (1)
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Synthesis of ZnO Nano-particles

The Zinc Acetate Dehydrate was dissolved in 5S0mL double-distilled water before being
supplemented with 0.1M NaOH. At a rate of 300 rpm, slowly drop the solution and stir it until
it turns white at room temperature. The final procedure was to dry the samples at 90°¢c for 2
hours and centrifuge them at 14,000rpm to produce ZnO nano-particles [45].

Synthesis of Ag@ZnO core-shell Nanostructure

The solution will become transparent when AgNO3 is added to 1g in 50mL of deionized
double-distilled water and stirred for 30 minutes at 80°c. At an output of 200w, 40kHz, at an
amplitude of 80%, and seaweed involved in 0.75 cycles, add 0.1M Tri-Sodium Citrate solution
to Ultrasound treatments until a light brown color appears. Afterward, allow the solution to cool
at room temperature for an hour. Water distillation is used to create Ethanol by adding it to
0.1M Zinc Acetate and stirring for 30 minutes in the presence of 0.1% sodium hydroxide. This
solution is mixed with 25mL of silver nano-particle dispersion solution and 50mL is added in
total. Then, it was placed under 200W at 40kHz, with a capacity of 75%, and performed 0.5
cycles using seaweed for 3 hours at 60°C. One day has passed since the precipitated filter was
ground and dried with air.

Methods

X-Ray diffractometry (XRD)

Bruker's D8 model company carried out XRD to identify minerals. Reflectometry, high-
resolution diffraction, IP-GID, SAXS, and investigations of residual stress and texture are all
part of this research.

Transmission Electron Microscopy (TEM)

The core-shell's morphology identification was determined through TEM using a high-
resolution transmission electron microscope. The Japanese HR-TEM, also known as the EM-
2100, was used for this experiment with 25x magnification and 200kV voltage.

X-ray Fluorescence (XRF)

Using the X-Met 8000, an XRF instrument model from Oxford Instrument Company,
elements in the Ag@ZnO shell core were identified.

BET surface area and pore size analysis

The Nova Touch LX2 Surface Area and Pore Volume Analyzer model, which is made
by Quanta Chrome in the USA, was used to analyze the surface area and pore volume.

Atomic Force microscopy (AFM)

The surface topography and roughness profiles of nanomaterials were determined
through the use of 2D and 3D AFM images acquired through the 5600LS model from Agilent
Technology Company (USA).

Zeta potential

The NanoSight NS500 instrument in Malvern, UK was utilized to analyze zeta potential
data and determine the value, size, and surface charge of nanoparticulates.

Raman spectrometry

The shape of particles of different colors can be seen in 2D and 3D confocal images. The
chemical composition is determined by Raman spectroscopy using 3 different laser sources:
325, 532, and 785nm, and each color represents one of the chemical structures that make up the
materials.

Identification of fungi

Morphological studies at the microanalysis center at Cairo University were used to
identify the fungal strains.

Spectrophotometry

SDL Company has provided a manual for the Color EY E-3100 spectrophotometer.

http://www.ijcs.ro 1311



AF. ELHAGRASSY and S.H. ISMAIL

Results

Structure and characterization of Ag@ZnO

X- ray diffraction analysis

The identification peaks of the ZnO and Ag nano particles were found to be free of any
impurities or shifts by analyzing the Ag@ZnO core shell using XRD. ZnO peaks on the Ag
nanoparticles are determined by the pattern, and the shell-core nanostructure has a strong
interlayer interaction (Fig. 1).

Intensity

30 35 40 45 50 55 60 65 70 75 80
2 theta

Fig. 1. The XRD spectrum of Ag@ZnO core shell

Transmission Electron Microscope

The Ag@ZnO core/shell is characterized by a shell of silver nanoparticles that are
spherical-shaped and coated with ZnO, which is clearly visible in TEM images. The inner core
has a size of 7 to 10 nanometers and a shell range of 1 to 3 nanometers. The Ag@ZnO
core@shell nanostructure is sized between 8 and 13 nanometers. The distribution of particle
size was well sorted, with particles having the same size and shape (Fig. 2).

5 nm

Fig. 2. Micro spherical silver nanoparticles coated in ZnO have an outer shell that is clear.

X- ray Fluorescence

The Ag@ZnO core shell nanostructure's chemical composition is confirmed by the XRF
pattern to be pure, and the intensity of silver nanoparticles is greater than that of ZnO
nanoparticles (Fig. 3).

BET surface area

The use of N, adsorption-sorption properties to determine surface area of silver
nanoparticles, ZnO nanoparticles, and Ag@ZnO core shell nanostructures was utilized for
different methods of surface area determination. To determine surface area, surface area can be
determined using single/multiple BET methods, V-t Micro-porous method, External surface by
V-t method, Langmuir, BJH adsorption-adsorption, and DH adsorption-adsorption methods.
BJH sorption is used to determine the size of the pore for cumulative small and cumulative
micro pores. Both the cumulative micro pore volume and cumulative pore volume for DH
adsorption are taken into account. (Fig. 4, 5), and Table 1 displays the results.
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Fig. 5. The surface area determined by multivariate BET analysis of silver nanoparticles, ZnO nanoparticles, and
Ag@ZnO core shell nanostructure. Adsorption of cumulative silver nanoparticles with small pore size using BJH, ZnO
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Table 1. Summary of the results of the surface area and pore volume analysis.

Parameters Ag NPs m?%g ZnO NPs m?¥g Core-shell m?/g
Single point BET surface area 38.2953 40.1748 152.575
Multipoint BET surface area 78.5218 52.9586 165.194
Langmuir method surface area 171.6 114.602 262.337
BJH adsorption surface area 40.6371 30.6278 79.9933
BJH desorption surface area 38.4854 40.2061 80.7746
DH adsorption surface area 41.7812 31.5488 82.4271
DH desorption surface area 39.3373 41.4203 83.2075
V-t method micro-pore surface area 39.1427 13.9529 84.3292
V-t method external surface area 39.3791 39.0056 80.8644
BJH adsorption cumulative micro-pore volume 0.0585583cc/g 0.0549862cc/g 0.132953cc/g
BJH desorption cumulative micro-pore volume 0.0583842cc/g 0.0620456¢c/g 0.132933cc/g
DH adsorption cumulative micro-pore volume 0.0575669cc/g 0.0541036 cc/g 0.130959cc/g
DH desorption cumulative micro-pore volume 0.0570984cc/g 0.0610995¢c/g 0.130939cc/g
V-t method micro-pore volume 0.00394228cc/g 0.00484738cc/g 0.0593941cc/g
Total pore volume 0.0624091cc/g 0.06365cc/g 0.187053cc/g

Atomic Force Microscope

AFM images and data analysis were utilized for the study of the roughness profile,
spacing, surface topography, and pore volume. The purpose of this study is to examine the
surface topography of silver nanoparticles, ZnO nanoparticles, and Ag@ZnO core-shell
nanostructure. Ag, ZnO, and Ag@ZnO were applied to a thin sheet of archaeological pigment
using a Spanish coating instrument. Fig. 6 and Table 2 display the results of the AFM image.

E F
Fig. 6. Illustration of AFM images 5X5 Micron: A - Top view of silver nanoparticles; B - 3D view of silver
nanoparticles; C - Top view of ZnO nanoparticles; D - 3D view of ZnO nanoparticles; E - Top view of Ag@ZnO core-
shell nanostructure; F - 3D view of Ag@ZnO core-shell nanostructure (please enhance quality — numbers not visible)
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Table 2. [llustrates AFM Amplitude parameters of silver Nano particle, ZnO Nano particles,
and Ag@ZnO core shell nanostructure after application on the samples models.

Amplitude parameters — roughness profile

Ag NPs ZnO NPs  Core-shell Description
Parameters
(Nm) (nm) (nm)
Rp 11.1 18.3 56.7 Maximum peak height of roughness profile
Rv 16.1 224 40.2 Maximum Valley height of roughness profile
Rz 27.1 40.7 96.4 Maximum height of roughness profile
Re 8.66 13.6 394 Mean height of roughness profile elements
Rt 27.1 40.7 96.4 Total height of roughness profile
Ra 2.21 3.18 11.4 Arithmetic mean height deviation of roughness profile
Rq 3.11 4.83 14.8 Root mean square height deviation of roughness profile
Rsk -0.458 -0.49 0.299 Skewness of roughness profile
Rku 5.65 6.70 3.46 Kurtosis of roughness profile
Zeta potential

The Zeta sizer instruments were utilized to measure the size and zeta potentail of silver
nanoparticles, ZnO nanoparticles, and Ag@ZnO core shell nanostructures. The results of size
and zeta potential are depicted in (Fig. 7) and Table 3.
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Fig. 7. lllustrated the zeta size of silver Nano particle, ZnO Nano particles and
Ag@ZnO core - shell nanostructure

Table 3. illustrated the zeta size and potential of silver Nano particle, ZnO Nano particles and
Ag@ZnO core shell nanostructure

Parameters Ag NPs ZnO NPs Core-shell
Size 8.0nm 45.3nm 58.6nm
Zeta potentail -51.3mV -35.7mV -21.4mV

Raman spectroscopy

The Raman shift of silver Nano particle, ZnO Nano particles and Ag@ZnO core shell
nanostructure and 2D and 3D confocal image illustrated in (Fig. 8).

Structure of the painted stone

Fragments were taken from stone and pigments of the painted wall relief.

The XRD analysis showed that stone was Calcite according to the reference code (01-
076-2916) consisting of 99% of Calcium Carbonate (CaCOs) and 1% of Quartz (SiOy)
according to the reference code 01-086-2237 (Fig. 9).
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Fig. 8. Illustrated 2D confocal image and Raman shift of Ag@ZnO core-shell nanostructure inside the sample pours
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Fig. 9. The XRD spectrum of stone wall inscription

Fragments of the pigments were characterized by SEM-EDX not by XRD due to its
small size that cannot be examined by XRD. The Analysis showed that, the black pigment was
Carbon - C deteriorated by Halite - NaCl (Fig.10), while the red pigment was Hematite - Fe;O;
(Fig. 11) and the blue pigment was Egyptian blue - CaCuSisO1o (Fig. 12).
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Fig. 10. Represents the spectrum of black pigment
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Fig. 11. Represents the spectrum of red pigment
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Fig. 12. shows the spectrum of Egyptian blue pigment

Raman spectra presented a slight degree of Animal glue used as a binding media. The
sample showed the spectrum of calcite with strong peaks at 260.93 and 1088.92cm™, black
carbon the main peaks at 1319.55 and 1587.93cm™! and animal glue spectrum with main peaks
649.92, 1003.94, 1374.41 and 1587.35¢cm™ (Fig. 13).

Fig. 13. Shows the Raman spectrum of the binding media
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Deterioration Factors

The painted wall inscription was affected by many missing parts, strong dust particles
conjoined with pigments, and after cleaning the surface many spots of iron oxide were scattered
all over the stone, the EDX was indicated the presence of Halite although it not cleared by neck
eyes (Fig. 14).

Fig. 14. Shows the missed parts, the dust particles, and the spotty iron oxides

Identification of Fungi
According to the morphological studies conducted by the microanalysis center at Cairo
University (Table 4), Aspergillus niger, Aspergillus flavus, Rizopus stolonifer, Pencillium
cyclopium, caused the painted wall inscription to deteriorate.
Ag@ZnO anti- microbial effect
Petri dishes were used to culture the control strains of Aspergillus niger, Aspergillus
flavus, Rhizopus stolonifer, and Pencillium cyclopium in malt extract media. The antimicrobial
activity of Ag@ZnO was determined by applying three concentrations (1, 3, and SmL) to petri
dishes cultured with one strain of fungi. The remaining petri dishes, each with a volume of
10mL of media and SmL of Ag@ZnO core shell, were combined and cultivated with a dtrain of
fungi. The incubation period for all petri dishes was 7 days at 25°C. As shown in Table 5, there
was no colony growth after the incubation period.
Applied Ag@ZnO on the wall inscription
The pigments were coated with Ag@ZnO core shell using spray technique and allowed
to dry at room temperature for four months before being analyzed by XRD. The analysis
revealed that the Ag@ZnO core shell was still within the stone even after 120 days and was not
accessible to the environment (Fig. 15).
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Table 4. The fungi examined by USB digital microscope

Microbes Magnification USB digital microscope image

Aspe.rgillus 400x
niger
Aspergillus 400x
flavus
Rhizopus
stolonifer 400x
Penicillium 400x

cyclopium
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Table 5. The growth of microbes before and after using Ag@ZnO

Microbes Before Anti-microbial effects Mixed media with
Ag@ZnO

Aspergillus
niger

Aspergillus
flavus

Rhizopus
stolonifer

Penicillium

cyclopium
280 1 COD 1500145 Ag
iee. 1 COD 1537875 0O Zn
e § COD 5000043 Cu Si CaEgp. blue
E| 1 COD 1010928 Ca C O3 Calcite
= 1 COD 1011097 O2 Si Quartz low
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Fig. 15. Presents the presence of Ag@ZnO coreshell insige the wall inscription grains after four months
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Spectrophotometer measuring [46-49]
The treated wall inscription by Ag@ZnO coreshell was examined by spectrophotometer
before and after four months of application (Table 6).

Table 6. The AE* of the painted wall inscription pigment before and after applied of Ag@ZnO core shell

Pigments Before treatment After four month
AL* Aa* Ab* AL* Aa* Ab* AE®
Carbon 40.45 -20.90 18.86 43.52 -21.01 19.25 3.09
Hematite 41.96 -13.56 19.33 43.75 -13.93 21.06 2.51
Egyptian blue -50.20 -40.92 52.12 -53.74 -41.68 54.63 4.40
Discussion

Nanomaterials are being primarily studied for sterilization, with a primary focus on
photocatalytic sterilization and synergistic sterilization with antibiotics [50,51]. It has been
confirmed by the main characterization of the Ag@ZnO core-shell nanostructure and the
individual silver and zinc oxide nano particles that the core-shell nanostructure was formed. The
physical and chemical properties were examined and it was ultimately determined whether the
new unique properties affect the Ag@ZnO core-shell nanostructure as an anti-microbial agent.

The synthesis of Ag@ZnO core-shell nanostructures was confirmed by XRD, Raman,
and XRF results with no impurities from the synthesis method or shifted peak positions for both
Ag and ZnO nanoparticles. The Ag@ZnO core-shell nanostructure's purity suggests that the
ingestion of microbes is a direct result of its purity.

The TEM images demonstrate that the shell (ZnO) is well-coated on the core (Ag) and
has a uniform shape and size. We investigated the direct effects of the shape and size of Nano
Ag@ZnO core-shell nanostructure as anti-microbe agents based on its homogeneity. The
surface area of materials that are anti-bacterial and fungicidal is crucial because of their tiny
size. [52,53].

The Ag@ZnO core-shell nanostructure's antibacterial and anti-fungal action is enhanced
by its larger surface area compared to individual silver nanoparticles and zinc oxide
nanoparticles [54, 55]. Ag@ZnO's increased surface area compares with silver and zinc oxide
nano particles, resulting in a greater surface charge distribution, which leads to a boost in
fungus activity. Ag@ZnO's high surface area and pores with a capillary system and nano size
make them highly chemically active and increase their surface charge. Ag@ZnO's anti-bacterial
and anti-fungus properties are made efficient by its large surface area and surface charge, which
facilitates faster and better interactions with microorganisms [56].

The zeta sizer was used to incorporate silver nanoparticles, zinc oxide nanoparticles, and
Ag@ZnO core shell, and it was discovered that Ag@ZnO is larger than individual silver and
zinc oxide nanoparticles. During the TEM image, it can be seen that the Ag@ZnO core-shell
nanostructure is composed of silver and zinc oxide nanoparticles that are 1.0 and 7.0 nm in size,
as shown by the image. Silver and zinc oxide nanoparticles in individual states are larger than
this size. Ag@ZnO's small size is capable of penetrating the pours of stones without leaving any
residue on the surface, regardless of their size. The utilization of it in various fields of cultural
heritage and in different organic (narrow pours) or inorganic materials is enhanced by that
advantage [57].

AFM scans of the sample model after application revealed an extensive roughness
profile for the Ag@ZnO core-shell nanostructure, which surpasses the roughness profile of
individual silver and zinc oxide nano-particles. By adhering to bacteria and fungus, this feature
gives it an advantage as an anti-microbial [58].

XRD, Raman, and SEM-EDX were used to analyze the structure of wall inscription. The
stone support's composition was determined by XRD analysis to consist of Calcite (Calcium
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Carbonate) and a trace of Quartz. The wall inscription made of limestone, commonly used in
the old and middle kingdom, is indicated by this result. The wall inscription dates back to the
Middle Kingdom's beginning.

The pigment analysis presented that the black pigment was Carbon deteriorated by
Halite salt’s (NaCl), the red pigment was Hematite according to the presence of iron element
(Fe), the blue pigment was the Egyptian blue according to the presence of Silicon (Si), Calcium
(Ca), and Cupper (Cu). A. Lucas [59]. The main peaks of 650, 1004, 1374, and 1587 cm™! [60]
in the spectrum have been confirmed by Raman spectroscopy analysis as animal glue.

The antimicrobial effects analysis of using Ag@ZnO core shell were carried by applied
three different concentration of the core shell (1, 3 and 5mL) on petri dishes inoculated by
Aspergillus niger. Aspergillus flavus, Rhizopus stolonifer, Pencillium cyclopium and incubated
for a week. According to the final results, the growth activity of whole microorganisms can be
inhibited by a concentration of SmL. confirming that the Ag@ZnO core shell has an
antimicrobial effect. [61,62]

Despite four months of application, the pigments of the painted wall inscription were not
affected by the Ag@ZnO core shell, as determined by the spectrophotometer analysis. the AE*
was less than 5 and cannot be noticed by necked eyes. The core shell is benefitted by the slight
color change, which provides a safe environment for pigments and the patina of stones. [63].
The archaeological stone sample's XRD analysis was prompted by the application of Ag@ZnO
core shell for four months, confirmed that the Ag@ZnO core shell was not released in the
environment as it was still in the pours.

Conclusions

The main findings of the research paper are worth mentioning. Ag@ZnO core-shell
nanostructures “particles that contain an inner core of Ag-coated by ZnO as a shell” that was
used for sterilization and inhibitions of microorganisms. The importance of Core-shell
nanostructures is to improve the physical and chemical properties that enhance the reactivity on
its surface, its stability, and dispensability.

The Ag@ZnO core-shell has many advantages, its structures are synthesized by rapid,
simple one-step sonochemical method, low cost, anti-microbial, and risk-free on the pigments.
Ag@ZnO core-shell nanostructures have physical and chemical properties that are better than
silver and zinc oxide Nano particles which effect bioactivity. The huge surface area and high
roughness profile enable Ag@ZnO core-shell nanostructures for sterilization and inhibitions of
microbes. Ag@ZnO core-shell nanostructures has the ability to inhibit Aspergillus niger.
Aspergillus flavus, Rhizopus stolonifer, Pencillium cyclopium that were previously isolated
from the painted wall inscription. The Ag@ZnO core-shell solves the problem of using Ag
nanoparticles which affected by U.V. and lose its role for inhibition of microbes in addition to
color the make noble patina yellowish. Only 5% of Ag@ZnO can be used as antimicrobial
agent with effected period up to four months and can be used in vivo and in vitro.

It is hoped that such findings and recommendations are taken into consideration with an
interest on using such a technique in the preservation of the mural paintings and painted stone
inscription to remain a source of attraction to the tourists from all over the world.
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