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1. Abstract 

In fact, the process of climate change do not define countries, nor does it respect the 

social status of human beings, rich or poor, small or large, and this is what we call 

(global challenges), which require the solidarity of the whole world. 

Climate change is a source of concern as a result of the unprecedented magnitude of 

changes occurring in the world, and reports indicate that humanity is responsible for 

climate change, as it leads to destabilizing environmental and social conditions around 

the world, and as a result climate change has negatively affected the natural and 

cultural heritage owned by the world The issue of the effects of climate change on the 

World Heritage has received great attention at the present time to reduce the negative 

impact of climate change. 

The research deals with an experimental and applied study of the use of the lipase 

enzyme loaded on pure Wacker OH and Nano-silica in cleaning the dirt resulting 

from climatic changes and strengthening the wall reliefs made of limestone. 
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3. Introduction: 

Climate change has emerged as one of the most pressing global challenges of our 

time, significantly affecting various aspects of life on Earth. Among the many 

consequences of this phenomenon, the impact on cultural heritage and monuments is 

particularly concerning. Monuments, as physical embodiments of our history, culture, 

and identity, are increasingly vulnerable to the effects of climate change. 

Rising temperatures, shifting precipitation patterns, and extreme weather events pose 

serious threats to monuments around the world. These changes can accelerate 

deterioration processes, leading to structural damage, erosion, and loss of aesthetic 

and historical value. For instance, increased rainfall can cause flooding and water 

damage, while heatwaves can lead to thermal expansion and cracking in building 

materials. 
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Moreover, the effects of climate change are not uniform; they vary by region and 

depend on local environmental conditions and the materials used in the construction 

of monuments. This variability necessitates a comprehensive understanding of how 

different monuments are affected and what strategies can be employed for their 

preservation. 

Hundreds of thousands of significant archaeological, cultural, and natural heritage 

sites along the coasts of every continent are threatened by sea level rise, and many 

will be lost or damaged (Reimann et al., 2018). 

4. Materials and Methods: 

The environment: It is the surrounding medium of humans that affects them and is 

affected by them, and it includes all natural and human aspects. 

  

4.1: Steps of human interaction with the environment: 

Humans have been linked to the environment since the beginning of creation, seeking to 

exploit its resources to satisfy their needs. The interaction of humans with their 

environment has gone through several stages that show the relationship of influence and 

being influenced between them. These stages can be summarized as follows: 

4.1.1: The first stage: At the beginning of this stage, humans lived a life of continuous 

movement, searching for their food and drink, practicing fruit gathering and hunting 

animals. Humans had no impact on the environment due to the limited nature of their 

activities and basic needs. However, by the end of this stage, hunting tools and methods 

developed, and fire was discovered, leading to increased basic human needs and human 

activity, and their impact on the environment became limited. 

4.1.2: The second stage: Humans learned agriculture due to the availability of water and 

fertile soil, settling near their farms in residential clusters known as villages, representing 

the first forms of human settlement. Their impact on the environment increased; they 

began to use and control river waters, and dig canals. These human activities produced 

Environment 
components 

lithosphere Gas envelope Hydrosphere Biosphere 

Figure No. (1) Shows the components of the environment 
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waste, but it did not have a negative impact on the environment. This stage is considered 

the beginning of human interaction with the environment. 

4.1.3: The third stage: This stage extends from the beginning of the industrial 

revolution in the mid-eighteenth century until the mid-twentieth century, during which 

humans used machines for various purposes. They began burning fossil fuels (coal and 

oil) to power different means of transportation. During this stage, the manufacturing 

process led to the emergence of multiple environmental problems, such as pollution in its 

various forms, and the negative impact of humans on the environment became evident. 

4.1.4: Fourth stage: This is the stage we are currently living in, starting from the second 

half of the twentieth century until now. In this stage, electronic computers appeared, and 

communication means developed. This stage is characterized by the increasing impact of 

humans on the environment, leading to more serious environmental problems, such as 

soil degradation, pollution, and the extinction of plant and animal species ، The previous 

phase was characterized by the depletion of natural resources, global warming, and 

nuclear pollution. The world has begun to take initiatives to address these problems and 

work towards preserving the environment and sustaining its wealth for future 

generations.(Hassan&etl ،2024) 

 

 

 

 

 

 

 

 

 

 

 

4.2: Wall paintings and reliefs 

 Wall paintings and reliefs are among the important artifacts in Egyptian civilization 

since the dawn of history, as they allow us to read and understand the events and 

developments of Egyptian history and to grasp the life of the ancient Egyptian. Wall 

paintings usually contain low concentrations of organic materials and are largely 

dominated by inorganic materials. They are characterized by their high porosity and 

long exposure to severe environmental conditions. (Charlotte،2008) 

One of the results of the fourth phase of human interaction with the environment is 

the emergence of the phenomenon of global warming, which is one of the most 

important factors of deterioration that negatively affects antiquities in general and 

wall inscriptions in particular. The variation in temperatures that occurs within a 

single day (daily thermal range) also significantly affects the weakening and 

No. (1) and building the stages of human interaction with the environment, where (A)  Figure

the first stage, (B) the second stage, (C) the third stage, and (D) the first stage (From internet) 
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disintegration of limestone grains, color grains, and color media, leading to what is 

known as "THERMAL SHOCK," especially when compared to seasonal changes. 

This is due to the processes of expansion and contraction, where the surface of the 

rock is in a state of expansion while its depth is in a state of contraction during the 

day, and vice versa at night. This results in a state of instability that the artifact 

experiences. 

Rocks expand with heat and contract with cold, but they do not return to their original 

size after cooling, with a range between 0.02% to 0.045 %.(Shehat،1986) 

With the repetition of this process, it weakens the structural composition of the rock, 

as the surface layer or crust tends to separate (FLAKING OR SCALING) from the 

surface that is naturally cooler, resulting in flakes. This process is called flaking. 

The wall paintings are not homogeneous as they contain several minerals and 

different layers, as well as the crystalline system. Each of them has its own coefficient 

of expansion and conductivity, which leads, when temperature changes occur, to the 

emergence of varying stresses and pressures in the rock in different directions, 

resulting in cracks and granular disintegration of the rock components, contributing to 

the fragmentation and separation of the layers. (Gamal ، 2020) 

4.3: The experimental study of using lipase enzyme loaded on Wacker OH 

polymer materials and nano silica for cleaning and strengthening the limestone 

wall inscriptions: 

 Tests and experiments are considered one of the most important stages in the 

restoration and maintenance process of archaeological artifacts. They are necessary to 

avoid mistakes or unexpected results during restoration and maintenance work. They 

are essential to obtain the best results; therefore, the materials intended for use on the 

archaeological pieces must be tested starting with modern samples to undergo 

experimentation before application. They must pass through various tests and aging 

processes, and the evaluation must ultimately indicate their ability to preserve the 

archaeological materials without any change to the original characteristics. Thus, a set 

of experimental samples was prepared, and thermal aging cases were conducted using 

a thermal oven to study the effect of global warming on the limestone wall 

inscriptions and to apply signs of damage to these samples for study. 

In fact, the deposits on the surfaces of the wall inscriptions are represented in the 

particles suspended in the air (Aerosols), which include many particles of materials, 

whether of natural or artificial origin, with a diameter of less than 10 microns. 

Examples of natural particulates include dust particles or silica and calcium carbonate 

or carbonates and sulfates. The sample was examined under a light microscope to 

determine the extent of the weakness suffered by the samples due to thermal aging, 

and it became clear that the structure of the limestone particles was weak and severely 

affected by heat, as heat works to break down the binding materials present in the 

colors of the wall inscriptions. Heat also aids in drying processes, leading to the 

appearance of some cracks. 

 

 



IJHTRS, Vol. 1, No. 1, Dec 2024, PP: 100-108 

 

013 
 

 

 

 

 

 

 

 

 

 

 

 

 

The sample was examined under an optical microscope to determine the degree of 

weakness that the samples suffered from as a result of thermal aging. It became clear 

that the composition of the limestone grains was weak and that it was severely 

affected by heat, as heat breaks down the binding materials present in the colors of the 

wall inscriptions. Heat also helps in the drying process, thus causing some cracks to 

appear. 

 

 

 

 

 

 

 

 

 

 

 

 

5. Application: 

 The lipase enzyme was loaded onto pure OH polymer with nano silica at the National 

Research Center in Dokki at a ratio of 2:96:2. After preparing the experimental 

samples and using wooden sticks (the wooden sticks wrapped with cotton) and 

immersing them in the compound solution and cleaning the samples with the solution, 

the experiment was conducted on three samples to determine the effectiveness of the 

solution, and the results were as follows: 

No. (2) shows the preparation of limestone  Figure

inscription samples for experimental study 

Figure No. (3) is a group of microscopic images of limestone samples and shows the 

effect of heat on the stone grains. (B, A) show the severe weakening and 

disintegration of the limestone grains, and (C) shows the dirt. 



IJHTRS, Vol. 1, No. 1, Dec 2024, PP: 100-108 

 

014 
 

5.1: The solution gave excellent results in cleaning the calcified dirt in the first, 

second, and third samples, as shown in (Figures 4, 5, 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2: The samples were examined under a light microscope to evaluate the cleaning 

process. It was found that the lipase enzyme is highly effective in cleaning surface dirt 

resulting from the environment and climate change. This was observed through visual 

Figure No. (4) shows the result of using the lipase enzyme loaded on the pure Faker 

polymer and nano-silica in cleaning the surfaces of the limestone wall inscriptions of 

the first sample, where (A) shows the dirt and (B) the result of cleaning. 

Figure No. (5) shows the result of using the lipase enzyme loaded on the pure Faker 

polymer and nano-silica in cleaning the surfaces of the limestone wall inscriptions of 

the second sample, where (A) shows the dirt and (B) the result of cleaning. 

Figure No. (6) shows the result of using the lipase enzyme loaded on pure Alfakar 

polymer and nano-silica in cleaning the surfaces of the limestone wall inscriptions of 

the third sample, where (A) shows the dirt and (B) the result of cleaning. 
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inspection and also through examination under the light microscope, as shown in 

(Figure: 7). 

 

 

 

 

 

 

 

 

 

 

 

 

6. Consolidation: 

Consolidation By examining the limestone sample with a scanning electron 

microscope after thermal aging, it became clear the extent of the weakness of the 

stone grains and their susceptibility to heat and the disintegration of the binding 

material, as illustrated in (Figure: 8). 

After using the solution composed of lipase enzyme loaded on a polymer and Nano 

silica, it was evident that the strengthening material penetrated deeply into the pores 

of the stone and bonded the grains, as shown in (Figure No: 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Results: 

Through the experimental study, it was found that the lipase enzyme loaded on the OH 

facker polymer and nano silica has an effective ability to clean the dirt resulting from 

climate change, such as dust and clay deposits, as well as to bond the particles of wall 

Figure No. (7) is a group of microscopic images of limestone samples after cleaning 

using the lipase enzyme loaded on the Faker and nano-silica. (A) Shows the cleaning of 

the first sample, (B) the second sample, and (C) shows the third sample. 

Figure No (8) shows the thermal aging 

representation of the limestone sample at 

1000 X and illustrates the weakness of the 

binding material for the grains 

Figure No (9) shows the strengthening 
representation of the limestone sample 
at 1000 X and illustrates the penetration 

of the strengthening material. 
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inscriptions made of limestone well, through examination using light microscopy and 

using scanning electron microscopy. 

Recommendations: • Weather changes do not recognize borders, countries, or 

individuals; therefore, the world must unite to overcome this crisis. • Global warming 

weakens the structure of the particles of wall inscriptions made of limestone and leads to 

the presence of some residues, dirt, and dust on their surface. • Loading the lipase 

enzyme on the OH facker polymer and nano silica helps speed up the treatment stages, as 

this compound has the ability to clean and strengthen in one step. • Loading the lipase 

enzyme on the OH facker polymer and nano silica helps clean the dirt resulting from 

weather changes effectively. • Loading the lipase enzyme on the OH facker polymer and 

nano silica helps bond and strengthen the limestone particles of the wall inscriptions. 
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والنانو سليكا في الحد هن التأثير السلبي  OHستخدام انزين الليبيز الوحول على بوليور الفاكر ا

 للتغيرات الوناخية علي تلف النقوش الجدارية الجيرية

حخزو انحبنت الاجخًبػٍت نهبشز، الأغٍُبء أو انفقزاء، ح، ولا حؼزف دول فً انىاقغ إٌ ػًهٍت انخغٍز انًُبخً لا 

انصغٍز أو انكبٍز، وهذا يب َطهق ػهٍه )انخحذٌبث انؼبنًٍت(، وانخً حخطهب حضبيٍ انؼبنى أجًغ"، إلا أٌ انخغٍز 

ر قهق َخٍجت ضخبيت انخغٍزاث غٍز انًسبىقت انخً انذائى نًُبخ كىكب الأرض جؼم قضبٌب حغٍز انًُبخ يصذ

ححذد فً انؼبنى، وحشٍز انخقبرٌز إنى أٌ انبشزٌت هً انًسؤونت ػٍ حغٍز انًُبخ، فهى ٌؤدي إنى سػشػت اسخقزار 

انظزوف انبٍئٍت والاجخًبػٍت حىل انؼبنى، وَخٍجت نذنك أصبح حغٍز انًُبخ ٌؤرز سهببً فًٍب ًٌهكه انؼبنى يٍ انخزاد 

بٍؼً وانزقبفً، وقذ حظً يىضىع حأرٍزاث حغٍز انًُبخ فً انخزاد انؼبنًً ببهخًبو ببنغ فً انىقج انحبنً نهحذ انط

 يٍ الأرز انسهبً نهخغٍزاث انًُبخٍت. 

انُقً ويبدة  OHيبدة انفبكز  ػهىوٌخُبول انبحذ دراست ػًهٍت حجزٌبٍت وحطبٍقٍت لاسخخذاو اَشٌى انهٍبٍش انًحًم 

انُبَى سهٍكب فً حُظٍف الأحسبخبث انُبحجت ػٍ انخغٍزاث انًُبخٍت وحقىٌت انُقىش انجذارٌت انًصُىػت يٍ انحجز 

 انجٍزي.

 الكلوات الدالة:

 انُبَى سهٍكب. –أَشٌى انهٍبٍش –انخغٍزاث انًُبخٍت  –انُقص انجذارٌت 

 


