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Abstract

Nanotechnology has had an important place in the scientific world since the 1980s. With the development of technology and
science over time, great change and progress have been made in the field of nano technology. With its different usage areas, the
word nanotechnology is still maintaining its place in the first ranks today. This technology, which contributes to many branches
of science such as physics, chemistry, biology, medicine, and engineering, deals with nano-sized substances. Nano-sized
materials with unique physicochemical properties, which have been designed and used in medicine, have been developed for the
prevention, diagnosis, and treatment of disease. It aims to minimize the side effects of nanotechnological therapeutic drugs
designed for very important diseases such as cancer, dermatology, and infectious diseases. In recent years, there has been great
interest in the development of new drug delivery systems. Cancer disease, which has an important place in nanotechnology
applications, is caused by uncontrolled cell division and proliferation. The treatment methods used for this disease, which is
caused by genetic and environmental reasons, vary depending on the genetics of the person and the type of cancer.
Nanotechnology in the treatment of cancer disease; studies on healing damaged tissue, preventing division, and preventing
damage to healthy tissues during the treatment process have been examined. Coronaviruses are a family of viruses that cause
upper respiratory tract infections. The use of potential nanoparticle-based vaccines and drugs to treat infectious diseases caused
by coronaviruses has been studied. Nanoparticle-based therapeutic drug applications are used in dermatology as well as in the
diagnosis, prevention, and treatment of cancer and coronaviruses. MRI, CT, and PET are the commonly used diagnostic imaging
methods in the diagnosis of these diseases. Contrast media are usually used in diagnostic imaging methods. These contrast agents
have been developed thanks to nanotechnology. The advantages provided by nanotechnology are a source of hope for the
diagnosis and treatment of these diseases. In this study, the transfer of the drug to the target structure where it will act, the use of
nanomaterials in the prevention or treatment of various diseases, and the production of contrast media of diagnostic imaging
devices were mentioned.

© 2023 DPU All rights reserved.

Keywords: Nanotechnology; Cancer; Covid-19; Drug Delivery; Dermatology; Medicine
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1. Introduction

Nano is derived from the Greek word “nanos” meaning dwarf. Nano is literally one billionth of the physical size.
Nanostructures, approximately 100 to 1 nanometer in size systems correspond to any size length, width, or thickness
between 1/10 million meters and 1/1 billion meters. Systems operating in these dimensions show different
characteristics from normal systems in their physical behavior [1]. Many studies conducted in this context are
associated with nanotechnology. Nanotechnology is based on the principle of producing a much cheaper, higher
quality, more durable, more functional, and useful product with a high layer value and taking up very little space,
using less matter and energy by controlling atoms. Nanotechnology is a multidisciplinary field that encompasses a
wide variety of devices in engineering, biology, physics, and chemistry [2], [3], [12]-[21], [4], [22]-[28], [5]-[11].
These differences, which are described as nanoscience and nanotechnology, have continued to progress in various
fields such as civil, military, medicine, communication, genomics, and robotics in the world for about 10 years [29].
As the properties of materials move from the macroscopic to the nanoscale, many new properties emerge [30]. For
example, the conduction property (momentum, energy, and mass) is no longer described continuously but
intermittently. Similarly, optical, electronic, magnetic, and chemical behaviors are described as quantum rather than
classical [5]. All these developments started a scientific and technological revolution equivalent to the industrial
revolution that reshaped the world in the 19th century. At the nanoscale, the properties of materials are completely
different from the macroscopic scale, and as we approach the nanoscale, various special and useful new properties
emerge. In addition, it is unfortunately not possible to observe the nano dimension when viewed with microscope
lenses used with traditional methods. In the century we have lived in, the concept of nanotechnology has an
important position as a branch of physics, chemistry, and engineering that is studied on a very molecular scale for
functional systems. It includes all the techniques used to create advanced technological and high-performance
products. Today, nanotechnology, which has a place in various fields, has an important effect such as making life
easier. Economically lighter aircraft, ships, and automobiles are designed with this technology. Again, this
technology also provides fuel economy for vehicles. Nanomaterials, sensors, machines, and chip systems are
produced thanks to research in the field of nanotechnology. Carbon nanotube, which attracts the most attention and
is developed among nanomaterials; is a high-density, rather rigid, and rod-shaped structure. Since the rod shape is
hollow, it is quite light and can be easily placed anywhere. Following the work of carbon nanotubes around the
world with great interest, NASA recently announced that it will also use carbon nanotube designs for space
exploration. Nano chips enable technological devices such as computers and mobile phones that we use in daily life
to work much more effectively. Nanotechnology; machinery such as machine design, motor, key, outer cover and
impeller are made much more effective and efficient thanks to this technology [31]. The science of nanotechnology,
besides its wide range of uses, shows itself in every field that is beneficial for humanity, its development, and
transformation at the molecular level. Nanotechnological developments are used with increasing interest in the fields
of mathematics, chemistry, physics, computers, pharmacy, and medicine [6], [32]. One of the most preferred areas of
nanotechnology is materials science. Material making, manufacturing, and development take the first place [33].
Advances in nanotechnology are used to obtain smaller and more functional products. The use of this technology in
the medical field is that it leads to many studies that changed human life with the repair and treatment of damaged
nerve cells at nanoscales [34], [35]. In addition, textile is one of these areas. It is possible to make differences in the
structure of the fabric with nanotechnology; waterproof, fireproof, wrinkle-proof, etc. materials with specific
properties can be obtained. Computers, phones, and their accompanying technological devices offer a wide range of
nanotechnology applications. Nanotechnology is used in the production of quantum computers, which have
information processing power far beyond the capacity of computers and accompanying technological devices that
we have already used. Quantum computers are often used to solve extremely complex problems, the working
principle of which is quite different from the devices we use in daily life. Nano electricity, on the other hand, allows
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the development of areas such as signal, sensor, and display systems developed for vehicles [32]. Developments in
astronomy, space, and aeronautics generate very high economic bills and the materials used are quite heavy [40].
With the use of nanotechnology, all materials can be produced in a much lighter, equipped, multi-purpose way [30].
The biggest role in accelerating the breakthroughs of institutions and organizations working in the field of
astronomy, such as NASA and Space X, is thanks to this technology [41]. With nanotechnological developments, it
is possible to make engines that offer higher efficiency with less fuel. This means the production of environmentally
friendly systems [42]. Especially in the field of production and transportation, both environmentally friendly and
highly efficient applications are one of the areas brought by nanotechnology. With the correct use of this technology,
it is possible to achieve a cleaner environment [2]. The benefit of nanotechnology in the agriculture and food sector
is quite remarkable. This technology has an important place in the repair, processing and modification of animal and
plant genes for the continuation of the generation [43]. With the increase in the human population day by day, it is
expected that the foods developed with this technology will have a much larger place in our lives in the future [44].
The defense industry is one of the areas where countries allocate the most budgets around the world.
Nanotechnology, which has high potential in military applications, enables the production of new generation
products such as weapon systems and improved bulletproof, waterproof, camouflage clothing. Most of the studies in
this field are in the research and development process. In the future, weapons, explosives, sensors, robotics, engines,
etc. created with nanotechnology. systems will begin to be preferred more and more in the defense industry of
countries [7], [8]. In addition, the dimensions of the materials used are reduced, so the cost is reduced and the
researches carried out in this field are open to development more easily. Nanotechnology has the most striking
impact on the development and transformation in the field of medicine and health [36]. This technology, which
enables intervention in living systems at nanoscales, plays an important role in the development of devices that
communicate with living microorganisms [29]. Nanotechnological devices can repair damaged tissue or parts of the
body that cannot be reached under normal conditions [37]. With these devices, diagnosis and treatment processes are
carried out in an easier and healthier way [38]. Nanotechnology also attracts great interest in the pharmaceutical
industry. With this technology, the effectiveness of existing drugs can be increased, and with the development of
nanotechnological drugs, treatment of a previously incurable disease becomes possible [39]. In the introduction,
various sectors where nanotechnology has developed and the definition of nanotechnology were briefly presented.
Within the scope of this study, nanoscale material structures are defined and nanotechnological devices and
application areas are detailed.

1.1. Drug Delivery Systems in Nanotechnology

The use of targeted nano-drug delivery systems is one of the most important areas of nanotechnology use.
Transporting the drug to its target structure is one of the biggest challenges facing the pharmaceutical and
biotechnology industries. For this reason, researchers have turned their attention to drug delivery systems. Research
in the fields of science and developments in biotechnology help the discovery and rational creation of new drugs
[45]. Frequent use of drugs brings with it some problems, but these can be reduced with the help of recently
developed technologies [46]. Studies in various fields are used to design specific drug delivery methods. These
developments led to the creation of specialized drug delivery systems. These systems evolve by releasing bioactive
substances at a specific rate and in a chemical reaction for a specific structure. On the other hand, when compared
with today's drugs, targeted drug delivery systems make it possible to deliver drugs to the target more effectively and
realistically. Another issue is that the active substance cannot pass through the body barriers to reach the target area.
Numerous solutions are provided by nanotechnology to the problems that arise with the use of active chemicals [47].
Thanks to the creation of nanocarriers, drugs now reach the target area by crossing the blood-brain barrier,
bronchioles in the respiratory system, tight junctions in the epidermis, and anatomical and biological barriers [48].
Due to their improved distribution in limited areas of the body, nanocarriers help dissolve drugs with low solubility.
New features in nanocarrier systems reduce drug toxicity and offer more effective drug delivery. As seen in Table 1,
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the benefits of nanocarrier drug use are given [49], [50].

Table 1. Benefits Of Using Nanocarrier Drugs [49].

Increasing Drug Accumulation in The Targeted Area

Avoid Dangerous Side Effects

To Ensure the Controlled Administration of Drugs

Avoiding Unwanted Side Effects

Increasing Drug Utilization

Minimizing Drug Breakdown

The surface of the nanotube system should be immobilized with drugs obtained using natural or synthetic
polymers. Due to the immune system's recognition of the surface properties of the nanotubes, it is not detected as a
foreign body in the targeted area. Due to all these adaptation processes, the drug acts only on the diseased area, Tues
in the blood for a long time after application, and is released in the appropriate amount and at the correct rate.
Nanoparticles, which have a large number of clinical applications, have greatly influenced the pharmaceutical sector
as a result of the advances made in nanotechnological research. Nanoparticles are gaining a desirable position in the
pharmaceutical industry due to their useful uses in applications such as direct binding to the active ingredient,
trapping, and targeting [51].

1.2. Design of Drug Delivery Systems Based on Nanotechnology

To increase site-specific targeting, medication bioavailability, and uptake of poorly soluble pharmaceuticals,
nanoparticles can be employed for targeted drug delivery at the location of the disease [52]. Figure 1 depicts a
schematic comparison of non-targeted and targeted medication delivery methods. Many nanomaterials have been
used successfully to make anti-cancer drugs, including doxorubicin, 5-fluorouracil, dexamethasone, and paclitaxel
[53].

Drug &
% Drug tagged

Drugo o Guider %% to a nanotube
o0

1 |
1 Q ﬁ Targeting sick cell
4 following interaction
of nanotubes with
o O
&L cell receptors

oo

Drug release

oo & &
2.00; TT Nanotube
= Healthy cells
Untargeted drug delivery Targeted drug deleviry Infected cellt
B ]| Cell receptors

Fig 1. Demonstration of non-targeted and targeted drug delivery methods [53].
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Micelles and liposomes serve as precursors of nano-drug delivery systems. Additionally, Figure 2 shows
dendrimers, nanoparticles, and quantum dots. These systems minimize the amount of active substance removed from
the body and ensure that the concentration of active substance in the blood remains at the ideal therapeutic level for a
long time, and this is how real substance use occurs. As a result, the benefit potential of the drug increases [54].

Nanotubes Dendrimers Micelles Liposomes
@ Gold
Quantum dot SPION Gold nanoparticles Mesoporous

silica nanoparticles

Fig 2. Some nanocarriers are used as smart drug delivery systems [55]. Reprinted by permission from Elsevier.
1.2.1. Micelles

Micelles are similar to liposomes formed when amphiphilic copolymers self-assemble, as shown in Figure 3, and
are systems with a lipid or polymer structure of about 10 nm. The ability to easily and repeatedly produce mycelium
is one of its key benefits. Another benefit is that they increase their absorption by making active molecules with low
solubility due to their hydrophilic and hydrophobic groups such as vitamins, enzymes, and steroids. They are
chemical compounds similar to polymers in many ways. Like polymers, they are made in the process of organic
synthesis and consist of repeating structures (monomers). Its structure is completely controllable. Dendrimers and
dendrimer polymers have particularly useful nanostructures for well-defined drug delivery systems. Co-surface
groups are chosen in drug delivery system applications due to their good encapsulation talent and highly controlled
chemistry [49], [56].
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Fig 3. Micelle Formation Mechanism from Copolymers [57].
1.2.2. Liposomes

Liposomes are vesicular systems with a phospholipid bilayer structure ranging in size from nanometers to several
micrometers. Liposomes, which are very important in drug formulations, have become a subject of considerable
attention due to their adaptability and ability to intensify the therapeutic effect. Numerous problems, including
minimum solubility, low bioavailability, short half-life, and strong side effects of drugs, have been substantially
solved thanks to liposomes. Pharmaceutical researchers have now decreased the medicine toxicity and negative
effects. Liposomes are used in cancer diseases because they can improve vascular permeability in tumor tissues [58].

2. Nanotechnology in Dermatology

Dermatology is a branch of medicine that aims to diagnose and treat diseases related to the skin, nails, hair, sweat
glands, and skin, and prevent possible diseases. The detection and treatment of skin diseases, uses methods such as
skin examinations, blood tests, surgical tests, chemical peels, laser treatments, skin surgery, and microscopic
examinations for skin disorders, while at the same time, it is managed by a dermatologist in the diagnosis and
treatment of skin diseases. Dermatologists treat skin cancer, eczema, psoriasis, acne, rosacea (rose disease),
melanoma (skin cancer), dermatitis (inflammation of the skin), hair extensions, nail irritations, preservatives, and
many other skin conditions by diagnosing them [59]. Dermatology is a wide field and is divided into many
subheadings within itself. These are clinical dermatology, dermatological surgery, cosmetic dermatology, pediatric
dermatology, dermatopathology, derma immunology, dermatological oncology, dermatological control, and
dermatological pharmacology. The treatment methods in dermatology may vary depending on the type of disease.
Topical medications are medications that are applied directly to the skin, hair, or nails and are used to treat diseases
such as acne, psoriasis, and eczema [60]. Systemic drugs, on the other hand, are drugs taken by mouth or by
injection and are used in the treatment of dermatological diseases affecting the entire body [61]. Light therapy
involves exposure to natural sunlight or artificial light sources and is very effective in the treatment of diseases such
as psoriasis, vitiligo, and eczema [62]. Cryotherapy is used to treat warts, skin lesions, and some types of skin cancer
using extreme cold [63].

Surgical methods, surgical techniques are used for the removal of skin lesions or tumors. Laser therapy, on the
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other hand, is effective in the treatment of problems such as spots, hair loss, and capillary treatment. Some
dermatological problems are treated with dietary and lifestyle changes.

The field involving the use of nanotechnological methods for the detection and treatment of skin diseases is called
nano dermatology. Nano dermatology is a term that refers to the diagnostic and therapeutic use of nanotechnology in
the field of dermatology and cosmetology [64], [65] The use of this innovative technology in dermatology and
cosmetology is revolutionary in the treatment and diagnostic methods of many skin diseases [66].

In addition, studies in this field are investigating the potential advantages of using nanotechnology, especially in
the treatment of skin diseases and drug carrier systems. These studies offer a clear future for dermatology.
Nanotechnology is a technology that allows materials to be produced and manipulated in very small sizes. The
equivalent of this aspect of nanotechnology in dermatology is to ensure that drugs are transported to the skin tissue
in a more targeted manner and that the treatment of skin diseases is more effective [67]. Nanoparticles, which are an
important material used in nanotechnology, can have many shapes and can be soluble or insoluble, soft or hard.
Particles produced at high temperatures, viruses, and allergens are among the natural sources of nanoparticles. They
are small-sized particles and thanks to this, they can penetrate deep into the skin, and easily move to the targeted
area on the skin. It is applied in topical medicines, and systemic treatments and is mainly interested in inflammatory
skin diseases, aesthetic dermatology, and malignancies (malignant tumors) [67].

2.1. Applications of Nanotechnology in Dermatology

Nano dermatology is an exponentially growing field and offers an overview of the potential applications of
nanotechnology in dermatology. There are many nanotechnology researches and applications in the field of
dermatology. According in the ninth month of 2011, Friedman et al. conducted a study aiming to evaluate the
primary perception and understanding of nanotechnology in dermatology teaching programs in the USA. The
participants in this study answered the questions asked by giving answers such as | disagree, | strongly agree, | am
undecided, | disagree, | strongly disagree and at the same time using a scale with a certain score. As a result, some of
the participants in this study did not participate in any educational activities related to nanotechnology, while others
agreed that this topic needs more education and should be included in the dermatological specialty curriculum.
Likewise, while some of the participants agreed that it would contribute to advancements in the detection and
treatment of skin diseases, others recognized the value of intensifying scientific research and funding
nanotechnology. However, a large part of the participants responded positively to the need for further research to
assess the safety of nanomaterials. If we look at the answers given in this research, the value and importance of
nanotechnology in dermatology are understandable [68].

The applications of nanotechnology and nanoparticles in dermatology include new areas in medical diagnosis,
follow-up, and improvement. Nanotherapeutic, a term referring to the medical applications of nanotechnology, is a
treatment method aimed at increasing the delivery and effectiveness of therapeutic agents through the use of nano-
sized materials. Drug therapy, immunotherapy, and gene therapy are among the main areas of nanotherapeutics. In
short, nanotherapeutics have developed applications in both systemic and topical treatments, and the benefits of
these applications are related to aesthetic dermatology, the treatment of malignancies (tumors), and inflammatory
skin diseases [67]. The skin consists of two main layers: the epidermis and the dermis. The functions specific to the
cutaneous mainly depend on the characteristics and structure of the epidermis. This structure creates a seamless
investment on the entire surface of the body and is locally specialized for the production of skin extensions, hair,
nails, and glands [67].

The epidermis consists of a large number of keratinocyte layers, and the differentiation of the basal layer of these
keratinocytes on the surface occurs within a specific timeframe. In this process, the morphological transformations
of keratinocytes give rise to four different histological layers. The stratum spinosum, stratum granulose, and stratum
corneum are these four different histological layers [69]. The change in skin color tone depends on these three parts:

7



Yavuz, G., et al. (2023). / Journal of Scientific Reports-C, 5, 1-32

Melanin, carotene, and hemoglobin. Only melanin is produced in the skin. Melanocytes are specialized cells that are
located in the basal layer of the epidermis and prolong the process of numerous branching cells between the
surrounding keratinocytes. Decongestant melanocytes are located in the basal layer of the epidermis. Melanocytes
have the tyrosinase enzyme necessary for the synthesis of pigments [70]. While the malignant progression of
melanocytes leads to melanoma, their non-cancerous progression results in moles and freckles [67].

The dermis consists of two layers, the superficial papillary layer, and the mesh layer. Fibroblasts, macrophages,
mast cells, lymphocytes, and dendritic cells are 5 different cell types of the dermis. The dermis, due to its structure,
has a skin-protective property. Part of this feature is provided by the rich presence of lipids in the stratum corneum.
Many skin diseases can cause changing barrier functions caused by qualitative and quantitative changes in the
composition of lipids [67], [71] Disruption of the skin barrier and dysfunction occur in other cutaneous disorders
such as dry skin ichthyosis (fish scale disease), atopic dermatitis (eczema), and Netherton syndrome [72]. Changes in
filaggrin synthesis and decrease in keratohyalin granules, and metabolic changes of ceramides lead to deterioration
of epidermal barriers, transepithelial water loss, and environmental factor-sensitive inflammation and xerosis (dry
skin) in atopic dermatitis. Atopic dermatitis determines xerosis with a strong sensitivity to these disorders and an
increase in trans epidermal water loss [71].

In atopic dermatitis, the integrity of the epidermis’ stratum corneum barrier can be compromised due to various
factors such as the keratinocyte differentiation process, genetic defects, and extracellular lipid matrix. For the
impaired stratum corneum barrier to regain its function, certain improvements are needed. In addition, the active
barrier functions present in the skin indicate that there is a limited range of molecules that can be transmitted to the
layer of the epidermis that needs to be reached. For this reason, only small-sized molecule characteristics determined
by capacity or advanced encapsulation can penetrate the stratum corneum [73]. In this case, intercellular lipids that
lead to barrier Decay, all current developments in nanotechnology, diagnostic and preventive purposes, foresee the
development of a new generation of drug carriers in dermatology [73].

Nano-sized carrier systems consist of four main classes; self-formed lipid systems (, solid lipid nanoparticles
(SLN), liposomes, nano-emulsions, micelles, nanostructured lipid carriers (NLC), microemulsions, polymer systems
(polymeric micelles, dendrimers, polymeric nanoparticles) and nano suppressions and pro-colloidal systems. These
systems are used in different fields due to their characteristics such as high stability, load-bearing capacity and
storage possibility, high surface area, and load-bearing capacity [67].

2.1.1. Nanoparticle Based Therapeutics

For nanoparticles to achieve effective therapeutic applications, they need to overcome the stratum corneum
barrier and enter the cells. This entry can perhaps be performed using receptor-based processes. To enable
nanoparticle transmission, many techniques such as gene guns, microneedles, ultrasound, electroporation, and tape
stripping have been developed to disrupt the barrier of the stratum corneum. These methods increase the
permeability of the stratum corneum, allowing nanoparticles to reach cells more effectively. Research on the
therapeutic applications of nanoparticles usually focuses on three main areas. These areas are skin cancer diagnosis
and targeted therapies, immunomodulation and vaccine applications, antimicrobial therapies, and wound healing
[64]. The main focus of skin cancer diagnosis and targeted therapies is the diagnosis and treatment of metastatic
melanoma, the most dangerous of skin cancers. Many of the potential drugs used in this disease fail clinically due to
insolubility. Nanoparticles are an important choice for treatment in this direction, as more different types and higher
concentrations of drugs can be delivered into the nanoparticles and overcome them. In recent research, multimodal
silica nanoparticles have been identified to target M21 melanomas. Tumor retention was increased by adding
integrin labeled with peptide 1241, RGDY, a long-lived positron-emitting radionuclide because polyethylene glycol
limits the uptake of non-cancerous cells. Laminin receptor-binding peptide is also often used to increase nanoparticle
retention. In this case, it has been shown that positron-emitting silica nanoparticles can be successfully used in the
fields of tumor targeting and nodal mapping [64].
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Immunomodulation and vaccination applications through the skin, like other areas, are of great importance for the
skin. The main route to allergen sensitivity is the skin. Langerhans cells (LCS) and dermal dendritic cells, which
present antigens through a protein called CD1a, are two important antigen-presenting cell types found in the skin.
Nanoparticles have gained importance in this field for transcutaneous immunomodulation due to their antigen
transport, adjuvant function, and accumulation in hair follicles. Although lipophilic and polymer particles are widely
used here, these particles are prone to degradation. The hard insoluble nanoparticles can stay on the skin for longer
and contain lower adjuvant. However, more research needs to be done on this issue. It is promising that nanoparticle-
based vaccine administration has a positive impact however, it increases undesired immunological effects in
individuals with sensitive skin. It has been stated in some studies that carbon nanotubes stimulate the immune
system, provide macrophage activation, proliferation of T lymphocytes, synthesis of cytokines, and induction of
antibody response. TiO, nanoparticles, on the other hand, have also been shown to exacerbate the development of
atopic dermatitis-like skin lesions after co-exposure to mite allergen. UVR, on the other hand, is known to trigger
skin barrier defects and may increase allergen sensitivity. However, research on how exposure to TiO, and UVR
exacerbates atopic dermatitis-like symptoms and how the immunosuppressive effects of UVR may affect
nanoparticle immunomodulation remains insufficient [64].

Studies conducted for antimicrobials and wound healing, show that topical applications of nanoparticles can be
used for their applications in this field. These studies conducted on the use of silver nanoparticles show that these
nanoparticles have the potential for use in wound healing applications due to their antimicrobial properties. At the
same time, the design of nanoparticles that release nitric oxide stands out as a promising approach to accelerate the
wound healing process and reduce the risk of infection. These studies evaluate the effects of nanoparticles on
different types of wounds and types of microorganisms and provide new recommendations on how these materials
can be used in wound healing applications. Topical application of these nitric oxide-releasing nanoparticles made of
tetramethy! orthosilicate, polyethylene glycol, and chitosan components, which release nitric oxide, have significant
effects against cutaneous methicillin-resistant Staphylococcus aureus infection when topically applied. Nano Ag
(nano silver) is used in many products such as soaps, food storage containers, socks, washing machines, and surgical
masks due to its antimicrobial, antibacterial, and odor-reducing properties. However, in addition to human skin
exposure, it is known that it can lead to health problems such as bluish greying of the skin as a result of excessive
use. Therefore, it is thought that nano-Ag may be of concern from the point of view of human health and safety [64].

2.1.2. Innovative Product Formulations for Consumers

Photoprotection: The utilization of nanoparticulate TiO, and zinc oxide (ZnQO) in sunscreens has witnessed a
significant increase in recent times. These nanoparticles have less skin whitening effect compared to sunscreens with
organic ingredients and help to produce more effective products. In addition, they are aesthetically more preferred
because they can scatter, capture, and reflect UV rays. However, understanding the particle size of TiO, and ZnO
nanomaterials is necessary, particularly regarding their properties such as skin penetration protection and
phototoxicity effects. It is known that TiO, and ZnO nanoparticles are risk-free when in contact with healthy skin.
However, it should be taken into account that further tests may be required when skin health is compromised. It is
still not known for sure whether the injured skin in this case allows higher penetration. In certain conditions such as
hyperkeratotic psoriasis thickening of the horny layer can reduce this condition. When nanoparticles interact with
UV radiation, free radicals and reactive oxygen forms are formed. These reactive oxygen forms can damage the
DNA of cells and cause mutations. In addition, these forms can also harm proteins and lipids, causing permanent cell
damage. That is, together with UV radiation, the reactive oxygen forms formed and generated from nanoparticles
cause significant damage to skin cells [68].

Cosmetic: Nanomaterials and nanobiotechnology are providing new benefits for cosmetics and pharmaceuticals.
Especially in skin care, nanoparticles are used to deliver useful substances to the skin. Delivery systems such as
nanovesicles, solid lipid nanoparticles (SLN), and nanostructured lipid carriers (NLC) have been developed for both
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pharmaceutical and cosmetic applications. SLN and NLC form a lipid layer on the skin, preventing the evaporation
of water and increasing skin hydration levels. These carrier systems are advantageous over vesicles because they can
contain a higher amount of effective ingredients due to their high stability. As a result, the effective ingredients
reaching the action site increase, and skin penetration is optimized [68].

Nanotechnology makes it possible to produce nanoparticles that are used in the cosmetics industry and help
protect substances that are sensitive to oxidation or affected by moisture. Chitin nanofibrils, on the other hand, are a
natural polysaccharide obtained from shellfish. These nanofibrils are easily metabolizable and have environmentally
compatible properties. It also helps to rejuvenate the skin by activating the growth of keratinocytes and fibroblasts,
regulating collagen synthesis, and controlling cytokine and macrophage secretion. In addition, it is known to have an
effect on photoaged skin and promote wound healing [68].

Skin problems, especially in cases such as atopic dermatitis, become sensitive to skin irritants. Therefore,
emulsions with effective ingredients are currently used to retain or transform allergens. Nanoparticles, on the other
hand, can be used to distribute these substances more evenly and are also used as antioxidant carriers to protect the
skin. Corticosteroids, which have numerous applications in the field of dermatology, are also associated with
nanoparticles. In addition, nanoparticles are also used in cosmetic products. Chitin nanofibrils activate fibroblast and
keratinocyte proliferation. Macrophage regulates collagen synthesis and cytokine release. Additionally, it is known
that photoaged skin has positive effects on its appearance and promotes wound healing by reducing hypertrophic
scar formation. Liposomal formulations are also used for skin problems, and they minimize undesirable effects such
as cutaneous atrophy that can occur with chronic applications. Podophyllotoxin encapsulated in SLN has equivalent
effects to steroids in the treatment of genital warts. Hopeful results have also been obtained with the liposomal T cell
inhibitor Cyclosporine A. Moreover, nanoparticles provide higher tolerance, improved protection, and superior
effects. Clotrimazole, Psoralens, Dibranol, Methotrexate, and other various antifungal drugs are also included among
these substances [68].

3. Nanotechnology Applications in Covid-19 Disease

Viruses have developed various molecular mechanisms for entry into cells during evolution. These mechanisms
include long-term survival within cells and abilities such as affecting or modifying host defense mechanisms [74].
The high efficiency of viruses in gene transfer has inspired the development of non-infectious recombinant viral
vectors for use in gene therapy applications. To increase the safety of viral vectors, studies have been carried out to
develop non-viral drug delivery systems inspired by the natural abilities of viruses [35], [37] Researchers working in
the field of nanotechnology have designed various nanosystems that can mimic the gene transfer capacity and high
contagiousness of viral vectors. By understanding the molecular mechanisms behind these vectors, it has been
possible to develop delivery systems used in different fields such as cancer treatment and regenerative medicine.
Nanotechnology not only develops new means of delivery inspired by virology but also plays an important role in
the fight against viruses [78], [79].

Coronaviruses are a family of viruses that cause serious ailments in humans and animals. When the literature is
examined, it is seen that it also affects non-mammalian animal species. Covid-19 which affects the whole world has
been recognized as a pandemic by the World Health Organization as of January 2022. When the virus structure is
examined, it is observed that the glycoprotein structure found on its surface is responsible for pairing into the cell
and its transfusion [80].

3.1. Nanotechnology Applications in Covid-19 Treatment
3.1.1. Exosomes

Exosomes are of great interest in terms of therapeutic safety and effectiveness when delivered to cells. Exosomes
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as potential biological nanocarriers for the treatment of coronavirus have been identified in several clinical
applications [41], [42]. These studies include factors such as immunization, and long-term transmission due to their
ability to escape at a small size based on characteristics such as the slightly negative zeta potential, and the ability to
penetrate tissue effectively [81], [83]. Exosomes can be developed optionally with indirect engineering and direct
engineering approaches [84]. In the indirect engineering approach, cells cultured with therapeutic agents or
genetically modified artificial exosomes are used. In a direct engineering approach, therapeutic agents are loaded
directly into exosomes separated from the source cell, and these loaded exosomes are then transferred to the target
tissue [85]. There are three stages in the formation of exosomes through endocytic cellular; endocytic vesicle
formation through plasma membrane invagination, induction of multivesicular bodies (MVBSs) by inward budding of
the limiting late endosomal membrane, and exosome formation by merging MVBs with the plasma membrane [86].
Exosomes have been evaluated as immunogenic factors in the treatment of coronavirus infection. Exosomes
composed of coronavirus S protein produce neutral antibody, which is increased by initial vaccine preparation
followed by useful adenovirus vector vaccine. Scientists have said that these synthetic exosomes can be used for
therapy. To confirm the incorporation of the coronavirus S protein into exosomes, exosomes with chimeric protein
functions are made for use as a coronavirus vaccine [87]. In addition, in the treatment of coronavirus pneumonia in
October, researchers propose to use exosomes as drug delivery systems [82]. Exosomes can migrate to the target
organ for immunotherapy because they have hypoimmunogenic properties [41], [48]. Currently, this method has
been used to treat coronavirus [81].

3.1.2. Metal Nanoparticles

Metal nanoparticles, especially gold nanoparticles, and silver nanoparticles, are nanotechnology methods that
have been studied in detail in the treatment of viral infections. These nanoparticles are being used to develop a new
method to reduce and eliminate the severity of infection. For example, it has been determined that colloidal silver
nanoparticles with a size of 3-7 nm can be highly effective in the treatment and prevention of viral infection in the
early stages of respiratory infections [89]. Silver nanoparticles (30 nm) found in magnetic hybrid colloidal systems
stand out as a promising nanosystems with the potential to inactivate the virus. These systems can interact with virus
proteins by Decoupling between thiol and silver ions [90]. The anti-coronavirus activity of silver nanoparticles has
been observed in silver nanoparticles with diameters between 2 and 15 nm. Dec. Immunofluorescence studies
conducted have shown that silver nanoparticles with a size of 10 nm coated with polyvinylpyrrolidone completely
block the coronavirus, but silver nanoparticles with a size of 100 nm cannot do this [91], [92]. Metal nanoparticles
can be used on various surfaces to prevent the spread of coronavirus [52]. In addition, gold nanoparticles show the
ability to trigger an immune response when internalized by antigen-presenting cells, which suggests that they have
the potential to develop vaccines [93], [94].

3.1.3. Metal Oxide Nanoparticles (Mops)

Recently, many studies have been conducted on the antimicrobial properties of metal oxide nanoparticles [95],
[96]. Various mechanisms of action make metal oxide nanoparticles an effective antimicrobial agent [97]. It has
been observed that viral strains have developed resistance to therapeutic methods used by metal oxide nanoparticles.
For example, the antimicrobial properties of iron oxide nanoparticles (IONPs) have been studied against the
influenza virus (H1N1), dengue virus, and rotavirus [90], [98], [99] Iron oxide nanoparticles have been approved by
the FDA and are used as biocompatible for the treatment of anemia [100]. Iron oxide nanoparticles are thought to
interact with proteins on the surface of the virus, preventing the virus from binding and entering the host cell. The
results have shown that iron oxide nanoparticles can be used as a promising antiviral agent in the prevention or
treatment of infections. Therefore, it can be said that iron oxide nanoparticles may be a promising candidate in the
treatment of coronavirus patients. Other iron oxide nanoparticles are characterized by properties such as cytotoxicity,
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biocompatibility, and usability. There are also studies on the antiviral effects of ZnO nanoparticles [101], [102]. One
study examined the antiviral properties against HLN1 and showed that polyethylene glycol-coated ZnO nanoparticles
have higher antiviral activity and lower cytotoxicity than pure ZnO nanoparticles. It has been determined that ZnO
nanoparticles can be used as an effective antiviral nanomaterial for the treatment of coronavirus [102], [103]. In
addition, super magnetic iron oxide nanoparticles can be used as a contrast agent for magnetic targeting and
magnetic resonance imaging (MRI) [102], [104]. Lipid-coated super magnetic iron oxide nanoparticles can enable
the transport of antiviral agents to targeted sites [102], [105]. The potential of the antiviral properties of these
nanoparticles can be attributed to the fact that they adsorb to viral surfaces and subsequently cause local changes,
such as glycoprotein agglutination. In this way, the virus is prevented from entering the cells and multiplying.
Therefore, it is these nanoparticles that offer great potential for the treatment of coronavirus [62], [66], [67].

3.1.4. Quantum Dots

Quantum dots (QDs) are semiconductor particles that exhibit strong fluorescence at certain wavelengths. They
have shown potential in Point-of-Care (POC) applications for viral assays and demonstrated sensitivity in the
detection of viruses [108]. Carbon quantum dots (CQDs), a type of functional quantum dot, can be used as
therapeutic tools against human coronaviruses. These nanoparticles, depending on their concentration, can interfere
with the function of the virus, in particular by interacting with the S-protein [109]. In recent years, cationic carbon
quantum dots based on curcumin have been developed using hydrothermal techniques to combat coronaviruses
[110]. QDS plays an important role in the treatment of human coronaviruses. For example, one study observed the
antiviral properties of seven different CQDs against HCoV-229E infection. The CQDs, which are approximately 10
nm in size, were synthesized by hydrothermal carbonization method using synthetically modified carbon precursors.
These cards exhibited high solubility in water when combined with ethylenediamine/citric acid and boric acid. The
concentration of CQDs affected virus inactivation [109]. The inhibition of HCoV-229E entry into host cells is
probably attributed to the interaction between the functional groups of CQDs and the entry receptors of the virus
(Figure 4) [111].
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Fig 4. Carbon quantum dots prevent the S protein receptor of the coronavirus from binding to host cells [111]. Reprinted by permission from
Elsevier.
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Another study suggested that triazole-based CQDs could serve as antiviral agents for the treatment of coronavirus
(Figure 5). CQDs are composed of hydrophilic functional groups that make them suitable for a variety of biomedical
applications. They can act as multi-targeted inhibitors by blocking viral entry, RNA synthesis, and replication [110].
Therefore, the regulation of the concentration of CQD is very important in the control of the viral load in the body.
CQDs have been found to reduce the accumulation of reactive oxygen species and reduce the expression of pro-
inflammatory cytokines when exposed to the virus. CQDs derived from glycyrrhizin acid have exhibited potent
antiviral properties against RNA viruses [112]. It is expected that CQDs will not only prevent coronaviruses and
human RNA viruses from entering host cells but also have virucidal properties. However, it is important to note that
the response of different viruses may vary and CQDS may require further evaluation in terms of their antiviral
strategy [112]. QDS, including semiconductor nanoparticles, can also produce antiviral radiation by interacting with
light. These interactions can disable viral components such as the viral membrane, DNA, RNA, and viral proteins,
thereby affecting their function (Figure 6) [113].
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Fig 5. Triazole-based CQDs were used for use as an antiviral agent to treat coronavirus [112]. Reprinted by permission from Elsevier.
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Fig 6. Semiconductor nanoparticles can produce antiviral radicals by interacting with light [113]. Reprinted by permission from Elsevier.
4. Nanotechnology in Cancer Disease

Cancer is a very influential and serious disease worldwide, but it is also a difficult disease to prevent. It is a
possible condition that this disease, which occurs when cells grow uncontrollably and multiply rapidly in any tissue
or organ in the body, ends with death. More than 200 types of cancer have been identified according to their
location, proliferation, and tissue [114]. Although many factors trigger the occurrence of the disease, genetic factors
come first. Although many factors such as environmental conditions, types of food consumed, and psychological
factors open the door to cancer, the biggest cause is genetic deformation. No matter what the factors that cause
cancer are eventually, there is a deterioration in the genetic material of the cell [115]. Although there is often an
increase in the diagnosis of cancer as a result of research and scientific studies, the mortality rate remains at the same
level and the absence of an increase according to the diagnosis can be a source of hope that cancer can be prevented
[116]. Cancer is a personal disease, and the fact that everyone has a different structure causes them to give different
responses to treatments. The progress of nanotechnology is developing in the medical world in various methods in
October in addition to types of treatment [117].

4.1. Diagnosis and Treatment of Cancer

Early diagnosis of cancer is the most important condition in the proliferation of cells by spreading and when the
mutation is detected at the initial stage, measures can be taken against the disease and stopped. In the presence of
individuals who have or have had cancer in the family, a person should attach importance to regular check-ups and
can chart a path for early detection. X-rays, blood tests, tomography scans, magnetic resonance imaging, endoscopy,
and genetic imaging tests are methods that can be used in the early diagnosis of cancer [118]. The main treatment
methods for cancer disease are radiation therapy, chemotherapy, and surgical intervention (removal of cancerous
tissue) [118], [119]. Each type of treatment has disadvantages as well as advantages, and there are differences in the
results depending on the structure of the person during this treatment process. Therefore, there is no single source of
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solution that gives a definite result [120].

Radiotherapy: lonizing radiation is used to stop the proliferation and spread of cancer cells. A certain amount of
energy is supplied to the treated area by x-rays, gamma rays, or accelerated subatomic particles. With this energy
efficiency, it is prevented from dividing and multiplying by disrupting the genetic material in the cell [121]. Healthy
cells that are exposed to damage during the procedure, on the other hand, recover themselves over time and continue
to function. Radiotherapy is a local treatment that affects the area where it is applied. It is used in cancer types such
as the brain, breast, prostate, blood, lymph, and uterus [122].

Chemotherapy: It is a type of treatment used before the surgical procedure, such as radiotherapy [123]. This
treatment, which can be called drug therapy, allows the cancer cell to spread, and slow down its growth, and the
cancer cell can be controlled [124]. This process, which is performed with drugs such as alkylating agents, anti-
metabolites, anti-tumors, antibiotics, and mitotic inhibitors in chemotherapy, is a treatment method used for many
cancers such as leukemia, lymphoma, and sarcoma [125].

Surgical method: It is a method used for diagnosis and diagnosis of cancer by biopsy from the organ or tissue
where it is located so that the cell does not spread and multiply. When it comes to the risk of removal without
damaging a healthy organ or tissue, it is preferable to reduce and remove the mass with radiation therapy or
chemotherapy before the surgical method is applied [126].

Gene therapy: A gene is an inherited part of DNA that is responsible for cell activity. The purpose of treatment is
to transfer the therapeutic gene to the diseased (mutated) gene [127]. It is the transfer of the P53 gene that is a
frequent subject of research in this treatment. It participates in the DNA structure and stops cancer by activating
transcription. There is no certainty about how it binds to the cancer cell and provides stopping or destruction [128].
While the P53 gene is expected to be treated when it enters the cell, there is also a risk that it may mutate and turn
into a tumor [129].

4.2. Cancer and Nanotechnology

Radiation therapy used in cancer disease is a procedure that has advantages as well as disadvantages in
chemotherapy and surgical procedures. The risk of recurrence, organ loss, and failure to get the same results depends
on a person's genetics in many types of cancer, the result cannot be considered positive, which can lead to a worse
course of events. Loss of function in a healthy cell exposed to radiation is the same as when chemotherapy drugs are
given to a healthy cell, and they can lead to serious damage [130]. The development of nanotechnology and the
beginning of its use in medicine provides a significant advantage for human health in the treatment of cancer. It is
now more useful to use treatment methods with nanotechnology, since the methods used in cancer treatment may
pose a risk of harm as well as benefit [131]. The main goal of nanotechnology is to develop effective therapeutic
agents that act on diseased tissue while destroying healthy tissue without damaging it. The advantages of nanoscale
treatment can be easily adjusted, therapeutic diagnosis and diagnostic methods are that the cancerous cell is targeted
and no damage is caused to another cell [132].

4.3. Nanotechnological Tools for Cancer Diagnosis and Treatment

Important tools developed for treatments in nanotechnology can be examined in four articles.
4.3.1. Nano-Cantilever

In the developed nano devices, Nano-Cantilever is an important device developed for early diagnosis of cancer. It
is a biosensor mechanism using semiconductor materials in this device formed with proteins and antibodies. This
device is designed to see a cancer cell, it can be detected by bending and bending, visible with laser beams (Figure 7)

[132].
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Fig 7. Nano-Cantilever working mechanism [133]. Reprinted by permission from Elsevier.
4.3.2. Quantum Dot

QDs are nanocrystalline structures composed of semiconductors. They are crystals produced to identify and
observe diseased tissue or cells. These crystals with optical and electrical properties can absorb and emit, in which
case it is a great advantage to be able to provide many images from a single light source. Thanks to Quantum Dot, it
provides the opportunity to provide nanoparticles with therapeutic potential in imaging processes. Thanks to
biocompatible coatings, its sensitivity can be designed depending on the type of cancer [134].

4.3.3. Nanoshell

A Nanoshell is a nanoscale covered with silicon at its center, with a gold layer on it, produced for diagnosis and
treatment. Anticancer drugs that need to be given according to the type of cancer are placed on the outer surface of
the Nanoshell sphere and directed directly to the cancerous cell. Before the NS is sent, the infrared ray is absorbed
by this method, and the interior of the sphere accumulates with heat of destructive intensity. Heat is prevented from
damaging the healthy cell by ensuring that it is destroyed only by acting on the harmful cell [135].

4.3.4. Dendrimers

Dendrimers are versatile polymers designed for drugs or imaging. This mechanism, which is produced as a drug
carrier, is a nano sphere produced to transport drugs in its internal cavity or on its surface. These nanoparticles with
high binders work with magnetic resonance imaging [34]. Ligand binders are placed on its surface and an anticancer
drug is placed in its internal cavity to bind to a cancerous cell or tissue and prevent damage to a healthy cell [136].
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5. Nanotechnology in Diagnostic Imaging
5.1. What Is Diagnostic Imaging?

There are various non-invasive methods used by patients for medical diagnosis and determining the causes of the
disease. Diagnostic imaging is the process of imaging structures inside the body to make an accurate diagnosis for
patients. It helps doctors to detect and diagnose problems that are present in the body [137]. These imaging
techniques can be used to detect fractures, cancers, infections, tumors, and other diseases. Diagnostic imaging can
help diagnose diseases early and provide a better response to treatment. There are many types of imaging available
in diagnostic imaging.

5.2. The Diagnostic Imaging Techniques

Positron emission tomography (PET), magnetic resonance imaging (MRI), and computed tomography (CT) are
some of them.

5.2.1. Magnetic Resonance Imaging

Imaging-based diagnostic techniques, magnetic fields, and radio waves are used to image the internal structure of
the body. Radio waves are sent to the tissue and the cells are stimulated. A magnetic field is created by water
molecules in the body. Magnetic resonance imaging (MRI) measures the behavior of hydrogen atoms reacting to the
magnetic field generated by water molecules in the body and can present them in detailed images [138] Through
special interfaces, the behavior of hydrogen atoms is converted into an image in a computer environment (shown in
Figure 8) [139]. Magnetic resonance imaging (MRI) is considered a safer imaging method. Because ionizing
radiation is not used like X-rays. Another advantage is that it does not contain ionizing radiation. Magnetic
resonance imaging (MRI) is used to diagnose many diseases. Magnetic resonance imaging (MRI) is used in the
detection of many diseases such as brain tumors, brain damage, stroke and other neurological diseases, spinal
problems, lumbar and cervical herniation, spinal cord injury, heart diseases, complications after a heart attack and
heart valves, liver and kidney tumors, gallbladder problems, musculoskeletal system diseases, joint inflammation,
bone tumors, and fractures, women's health, sinus problems, sinus tumors, sinusitis, blood vessel and circulatory
system diseases, thrombosis, vascular occlusion and aneurysms. Magnetic resonance imaging (MRI) is used in the
detection of many diseases such as brain tumors, brain injury, stroke, and other neurological diseases, spinal
problems, herniated disc and neck, spinal cord injury, heart disease, complications after a heart attack, and heart
valves, liver and kidney tumors, gallbladder problems, musculoskeletal diseases, joint inflammation, bone tumors
and fractures, sinus problems, sinus tumors, sinusitis, blood vessels and circulatory system diseases, thrombosis,
vascular occlusion, and aneurysms. Magnetic resonance imaging (MRI) is not primarily used as a diagnostic tool for
all diseases because it is more expensive and takes longer than other methods. The images that come in a closed MRI
are more detailed. Closed MRI allows more diseases to be diagnosed than open MRI. Thanks to the magnetic field
strength, it is possible to scan faster. Another advantage is that it allows you to capture high-quality images.
However, there are disadvantages as well as advantages of closed MRI. To better diagnose the disease, the images
need to be clear. For this reason, the patient must remain immobile. Patients with obesity disorders may not be able
to fit into the machine. Another disadvantage is that the closed MRI system is noisy. Your doctor may be able to
provide you with headphones or earplugs to prevent you from hearing this sound. Jul. However, open MRI is quieter
than closed MRI. Open MRI and closed MRI also have different image quality. In addition, closed MRI diagnoses
more diseases than open MRI. The MRI procedure can take about 30 to 60 minutes, and the patient must be
comfortable.
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(b)

Fig 8. A computer-generated MRI image has been provided [139]. Reprinted by permission from Elsevier.
5.2.2 Computed Tomography

Computed tomography (CT) creates cross-sectional images of structures inside the body thanks to X-rays. It helps
medical personnel in the detection and treatment process in 1971, computed tomography (CT) was used for the first
time in the UK [140]. Computed tomography (CT) is a non-invasive diagnostic imaging technique [140]. It is also
known as a frequently used imaging technique. For computed tomography (CT), first of all, the patient lies on a bed
similar to a stretcher (shown in Figure 9) [141]. An X-ray tube is used when computed tomography (CT) is
performed. This X-ray tube rotates around the patient and X-rays are sent [140]. Cross-sectional images are formed
thanks to X-rays passing through different parts of the body. Computed tomography (CT) transfers the resulting
cross-sectional images to the computer. Thanks to these images, your doctor diagnoses your disease. When using the
computed tomography (CT) method, it may be necessary to use contrast media in some cases. The contrast agent is
either given to drink or injected intravenously according to the recommendation of your doctor. Computed
tomography (CT) is used to diagnose many diseases. Computed tomography (CT) is used to diagnose many diseases
such as head and neck diseases, chest diseases, abdominal and pelvic diseases, musculoskeletal system diseases, and
blood vessel diseases. computed tomography (CT) is used when diagnosing many diseases, such as blood vessel
diseases.

N \—‘* Couch
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Fig 9. A computed tomography scanner is depicted in the image [141]. Reprinted by permission from Elsevier.
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5.2.3. Positron Emission Tomography

Positron emission tomography (PET) is a noninvasive diagnostic imaging technique used in the early and
definitive detection and treatment of diseases [142], [10]. It is a frequently used method in diagnostic imaging
techniques [142]. It creates three-dimensional, colorful images. For this, radioactive material is used [143]. This
substance collects in cells that use a lot of energy. A radioactive substance is injected into the body. The cells in the
body absorb this substance. Cells emit a particle called a positron. Positron emission tomography (PET) detects
positrons emitted by radioactive material. Tissues that absorb radioactive material emit radiation. As a result of
scanning, these tissues appear brightly (shown in Figure 10) [144]. Positron emission tomography (PET) is used
when diagnosing cancer, neurological disorders, heart diseases, and infections. In addition, PET is also used for the
separation of Alzheimer's and dementia disease. The disadvantage of positron emission tomography (PET) is that it
is costly.

Qsm Amyloid PET

Fig 10. The bright tissues resulting from the scan are shown in the image [144]. Reprinted by permission from Elsevier.
5.3 Nanotechnology in Diagnostic Methods

Nanotechnology is a field that deals with designing, manufacturing, studying, and applying the properties of
materials and devices at very small scales such as atoms, molecules, and large molecules. Studies conducted in this
field show that the properties of materials and devices can be controlled at the atomic and molecular levels.
Nanotechnology appears in many diagnostic imaging methods such as magnetic resonance imaging (MRI),
computed tomography (CT), and positron emission technology (PET). In diagnostic imaging methods, contrast
agents are often the materials of choice to provide visual differences in the resulting images by interacting with
incident radiation [145].

5.3.1. Gadolinium lons

It is known today that many contrast agents based on gadolinium (111) ions are often used in clinical applications.
Gadolinium ions are a contrast agent used in magnetic resonance imaging (MRI). Gadolinium ions, whose
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paramagnetic properties are quite strong, have an important place because of these properties. lons are toxic, but if
ligands are selected Decently, gadolinium chelates, which have no toxic effects on the body and show a high level of
stability, can be among the compounds that can be produced. Gd-DTPA is one of the most Frequently used chelates.
Gadolinium, which is used in the production of MRI contrast agents, allows more advanced products to be obtained
by using it in various nanoparticle formulations. These formulations concentrate more gadolinium ions in the target
tissue, allowing for more sensitive results in high magnetic fields. Gadolinium ions can also be added to organic and
inorganic nanoscale scaffolds. Among the promising candidates for the formulation of future paramagnetic contrast,
Decouples are gadolinium oxide nanoparticles [146]. The current status of gadolinium nanostructures, polymer,
liposome, and inorganic nanoparticle types is preclinical. Gadolinium chelates are in clinical use [147].

5.3.2. Superparamagnetic Iron Oxide Nanoparticle

SPION is another commonly used contrast agent in magnetic resonance imaging (MRI). By causing the T2
relaxation time of the surrounding water protons to decrease, it improves the imaging quality by leading to the
formation of signal gaps in T2-weighted images [148]. It has a superparamagnetic property. Thanks to this feature, it
can be used in in vivo imaging applications. SPIONs exhibit a higher magnetic response compared to other
paramagnetic materials, especially when a strong magnetic field is applied. Iron oxide is known as a non-toxic
substance, but its use in high doses may increase the risk of iron toxicity. The current status of the polymer-coated
iron oxide nanoparticle types of SPIONS is at the stage of clinical use and some clinical trials [147].

5.3.3. Bi,Sz Nanoparticles

It is a new contrast agent developed for use in computed tomography (CT). Bismuth citrate and sodium sulfide
are formed by precipitation. Then it is coated with a polymer such as polyvinylpyrrolidone (PVP). It provided more
absorption in X-rays compared to iodine-based contrast agents. The current status of Bi,S; nanoparticles is
preclinical [147].

5.3.4. Gold Nanoparticles

Gold nanoparticles are a beautiful contrast agent for computed tomography (CT). It is less toxic than other
contrast agents [149]. Gold nanoparticles have been compared with iodine and an increase in x-ray absorption has
been observed [150], [151]. Good imaging with low x-ray energy is an advantage for gold nanoparticles. In this way,
the patient will have been exposed to a low dose of radiation. Gold nanoparticles have been applied in vivo in live
mouse models. It shows little accumulation and high quality display is provided. Gold nanoparticles have provided
an efficient result for tumor detection in computed tomography (CT). A very effective result has been achieved
compared to the iodized-based contrast agent. The current status of gold nanoparticles is in the clinical trial phase
[147].

5.3.5. lodized Nanoparticles
It is another contrast agent that is frequently used in computed tomography (CT). The ability to reduce the
intensity of X-rays provides an advantage. However, the fact that it triggers the changes that will occur in the target

tissue in other tissues and the low circulation time provides a disadvantage. The current status of iodized
nanoparticles, polymeric carriers, liposomal carriers, and inorganic nanostructure types is pre-clinical [147].
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5.3.6. Radiopharmaceuticals

Positron emission tomography (PET) is usually used in conjunction with computed tomography (CT). Positron
emission tomography (PET) can integrate short-half-life radioisotopes into biomolecules such as C, N, O, Fr, and Cu
to measure the settlements and metabolism of biomolecules in the organism. It is used when examining
fluorodeoxyglucose-type radio ethyl tags, which are used to measure glucose metabolism. Due to their high number
of surface functionalities, nanoparticles can be used as suitable platforms for "multimodal imaging" contrast agents
by binding with various imaging or therapeutic ligands. Commonly used radio-labeling agents for macromolecules
are chelated metals such as ¢Cu, chelates have high dimensions and charged nature. Therefore, since they can affect
their pharmacokinetic properties, they face some disadvantages. In radiopharmaceuticals, the current use case of
labeled forms of biomolecules is clinical use and preclinical [147].

6. Nanotechnology in Gene Therapy
6.1. Definition of Gene Therapy

Gene therapy is a method developed to be used in the treatment of genetic diseases. It is planned to rearrange the
functions of defective genes with gene therapy, which is still a very new field of research, or to replace these genes
with healthy ones by gene transfer [152].

6.2. Basic Principles of Gene Therapy

The goal of gene therapy in humans is to treat or change the wrong gene expression within the human body. Gene
therapy is a technique used to treat people with genetic diseases. This process takes place through certain steps,
which are as follows: The disease-causing gene is identified and extracted, then a healthy gene is added instead of
the diseased gene [152].

6.3. History of Gene Therapy

Although gene therapy is one of the most recent therapeutic methods, it has a long history. The beginning of gene
therapy in the seventies. When the two scientists Friedman and Roblin put forward a scientific paper entitled "Gene
therapy for human genetic diseases™ in 1972, and with time, specifically in the eighties in 1984, a system of viral
vectors known as retroviruses was created, up to the nineties, which is the period that happened There is a
breakthrough in the history of gene therapy, where gene therapy progressed significantly in that period, when the
first clinical research approved for gene therapy was conducted, and that was in the United States of America in
1990 and after that gene therapy began to interfere in the treatment of cancer patients in 1992, 1993 and 1999.
Clinical trials of gene therapy were put on hold due to the death of Jesse Gelsinger and in 2002 the first successful
gene therapy was published. Clinical trials and scientific research have continued to this day. One of the latest
successes of gene therapy is the treatment of a girl with acute lymphoblastic leukemia in December 2022 [153],
[154].
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6.4. Main Categories of Gene Therapy

Gene therapy includes two main types, somatic gene therapy, and germline gene therapy. Somatic gene therapy
deals with the treatment of somatic cells and therefore cannot be passed on to new generations, while germinal gene
therapy deals with reproductive cells.

6.5. Departments of Gene Therapy

Gene therapy is divided according to the places where healthy cells are injected into 3 types, as follows:

1. Inside the organism's body. “ex vivo”

2. Outside the organism's body. “in vivo”

3. On site. “in situ"

Outside the body of the organism, diseased cells are removed from the patient's body, and then healthy cells are
injected into the patient's body again. This method is the method used in laboratories. In the body of a living
organism, the correct genes are inserted into the patient's body by injecting them into the patient's blood or
cerebrospinal fluid. This method is done using viral vectors. On-site, direct injection is made into the infected cell or
tissue of the patient's body [155].

6.6. Recent Progresses in Gene Therapy

The drug fasudil used by the Japanese team at Nagoya University as one of the therapeutic methods for patients
with schizophrenia is the latest gene therapy to the time of the word of this article. Genetic weakness is one of the
reasons for the development of schizophrenia. Copy number variation is one of the main genetic factors associated
with the symptoms of schizophrenia. These differences are related to the copy number of the ARHGAP10 gene,
which encodes a protein involved in the regulation of the GTPASE Rho family of enzymes. Some research indicated
that RhoA was associated with schizophrenia. The research team hypothesized that downstream factors of RhoA
could be a target for treatment and identified Rho-related (Rock) kinase as a potential therapeutic target as
RhoA/ROCK signaling activates several risk factors for schizophrenia [156].

6.7. The Relationship Between Gene Therapy and Nanotechnology

We can say that the relationship between the field of nanotechnology and gene therapy is evident in how the
treatment is delivered to the target cells. It is important to introduce the treatment into the patient's body in a safe
way and also in a way that ensures that the treatment reaches the damaged cells or tissues. To make sure of this
process, we must monitor the treatment on its way to the cells, whether it is how the treatment is delivered or even
monitored, both of which are small nanomaterials that cannot be seen with the naked eye. The greater the accuracy
and allocation of these nanomaterials, the more successful the treatment [157], [158].

6.8. Gene Delivery Systems

Gene delivery is the process of introducing an exogenous gene, such as DNA or RNA, into a host cell. Gene
delivery must reach the host cell to induce gene expression. Successful gene delivery requires that exogenous genes
remain lodged within the host cell with the ability to integrate into or replicate independently of the genome. This
requires DNA to be made as part of a vector, which is designed to be able to enter the target host cell to deliver the
mutated gene into that cell's genome. In complex multicellular eukaryotes, if the mutated gene is introduced into the
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cells of the host's sex line, the resulting host cell can pass the mutated gene on to the offspring of that organism. If
the mutated gene is introduced into somatic cells, that gene will remain in the cells of the somatic line, and therefore
only in the host organism. Gene delivery is a necessary step in the field of gene therapy by inserting or stopping a
gene to obtain certain therapeutic results in patients [159]-[161] One of the methods used to deliver or transfer gene
therapy or healthy genes to target cells is physical systems and chemical systems.

6.8.1. Gene Delivery Methods Using Viruses “Recombinant Viruses”

The use of viral vectors is one of the ways to deliver genes to target cells, where the role of this method is
concentrated in that viruses can transfer their DNA to the host cell. Also, viruses are characterized by their rapid
reproduction in a short time. Many types of viruses have been used in gene therapy, we mention them;

1. Retroviruses.

2. Adenoviruses.

3. Pox viruses.

4. Herpes simplex virus.

5. Lentivirus.

Although there are many advantages to the method of delivering genes to viruses, it also has many disadvantages.
Including the transfer of a small part of the DNA to the target cells, in addition to the risks that cannot be signed
when the virus is introduced into the body of the organism due to the occurrence of mutations and cellular defects
[162].

6.8.2. Methods of Gene Delivery Without the Use of Viruses “Synthetic Vectors”

Gene delivery methods without using viruses are divided into two main parts, which are chemical methods and
physical methods. We will briefly mention some examples of these methods [163].

Physical methods used to deliver gene therapy: The physical methods used to deliver gene therapy to target cells
are the inorganic method and the non-viral vector method. Examples of physical methods: Electroporation, which is
a method used to promote cellular rehabilitation. Magnetic perforation In this method, inorganic magnetic
nanoparticles are used [163].

Chemical methods used to deliver gene therapy: The chemical methods used to deliver gene therapy to target
cells are the organic method and the non-viral vector method. Examples of chemical methods: are liposomes and
polymers [163].

Conclusion

As a result, in this article, drug delivery systems, dermatology, COVID-19, cancer, diagnostic imaging devices
and gene therapy, which are nanotechnological applications in the field of medicine, have been mentioned in detail.
It is emphasised how important the production of nanotechnological materials is with the increasing human
population. It is emphasised that the use of drugs obtained from these nanotechnological materials brings some
problems. The effectiveness of nanotechnological applications developed recently with nanotechnological
approaches has been seen to bring advanced technological steps. Researchers are designing nanosystems that can
mimic the gene transfer capacity and high infectivity of viral vectors by taking advantage of these properties of
nanoparticles. It has been emphasised that understanding these molecular approaches through nanomaterial synthesis
makes it possible to use delivery systems in different fields such as cancer treatment and regenerative medicine. In
addition, it was stated that nanostructures can be used in the detection of diseases such as cancer, tumours and
infections with diagnostic and therapeutic imaging devices.
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Madencilikte rezerv hesaplama yontemleri maden yataklarinin jeolojik yapisina ve ekonomiklik durumuna goére degismektedir.
Bu yontemler; klasik rezerv hesaplama ve jeoistatistiksel yontemler ile bunlarin alt basliklar1 seklinde irdelenebilir. Giiniimiizde
altin, giimiis, krom ve bakir gibi metalik madenlerin rezerv hesaplamalarinda implicit (6rtiik) modelleme, komiir gibi maden
yataklarinda ise stratigrafik (tabaka) modelleme ve diger yontemler kullanilmaktadir. Maden yataklarmin jeolojik yapisi
modellemede kullanilan parametre degerlerinin degiskenlik gostermesine neden olmaktadir. Bu caligsmada; rezerv hesaplama
parametrelerin belirlenmesinde nelere dikkat edilmesi gerektigi vurgulanmis ve elde edilen sonuglar irdelenmistir.

© 2023 DPU All rights reserved.

Anahtar kelimeler: Jeoistatistik, Maden Yatagi, Rezerv

Evaluation of applying reserve calculation methods and parameters
depending on mineral deposits

Abstract

Reserve calculation methods in mining vary according to the geological structure and economic status of mineral deposits. These
methods can be analyzed as classical reserve calculation and geostatistical methods and their sub-headings. Nowadays, implicit
modeling is used in reserve calculations of metallic minerals such as gold, silver, chromium and copper, while stratigraphic
modeling such as coal and other methods are used in mineral deposits. The geological structure of ore deposits causes the
parameter values used in modelling to vary. In this study; how the parameters used in reserve calculation modelling vary
according to geological structure and other modeling components and what should be considered in determining these parameters
are emphasised and the results obtained are discussed.
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1. Giris

Rezerv; maden yataklarinda, genellikle sinir tendr (veya kalori degeri) iizerinde bulunan ve kazi ekipmanlarinin
miimkiin oldugunca elde edebildigi yeralti kaynaklaridir.

Bir maden yataginin rezervinin bulunabilmesi, hesaplama yontemi ve eldeki verilerin dogruluguna ve sayisina
baglidir. Verilerin sayisinin ¢oklugu ve sondaj yerinde alinan numunelerin dogrulugu rezerv hesaplama yonteminin
giivenirliligini artiracaktir.

Rezerv simiflamalarinda genelde ti¢ ana unsura dikkat edilir [1];

1-Hesaplama yontemleriyle elde edilen degerlerin gergeklik derecesi (dogruluk, hata orani veya korelasyon
degerleri),

2-Maden yatagindaki cevherlesmenin yapist ile ilgili yeterli bilgiye sahip olma (jeolojik durumlar),

3-Maden sahasiin madencilik faaliyetleri agisindan fizibil olma durumu (su geliri, maliyetler, hava kosullart
vb.).

Rezervlerin belirlenebilmesi i¢in dncelikle hangi tiir rezervin istenildiginin bilinmesi gerekir. Bunlar genelde; a)
Gorliniir Rezerv b) Muhtemel Rezerv ¢) Miimkiin Rezerv olmak iizere {i¢ ¢esittir:

Goriiniir rezerv, maden yataginin ii¢ boyutta elde edildigi ve numune bilgilerinin ise dogrulugu tam olarak tespit
edildigi rezerv tiiriidiir. Cevher yerlesimi, 6rnek elde etme ve tespit islemleri uygun bi¢imde saglanmistir. Maden
yataginin jeolojik karakteri, cevher tenérleri, yatagin eni, boyu ve kalmligi miimkiin oldugunca tamimlanmistir [2].
Sondajlarla elde edilen karot randimani yaklagik % 70 civarlarindadir [3]. Sondaj, galeri, basasagi, bagyukart,
desandre ve diger hazirlik ¢alismalar1 gibi rezervin net olarak belirlenmesinde yardimci olacak ¢aligmalar goriiniir
rezervin bulunmasinda gerekli ve 6nemlidir.

Muhtemel rezerv, iki boyutta tahmin edilen, tam olarak numune degerleri elde edilememis ve maden yataginin
yonelimi konusunda net bilgilere sahip olunmamis rezerv tiiriidiir. Cevher ii¢ boyutunun hesaplanmasinda varsayim
metodlar1 ve bilindik verilerden faydalanilir [1]. Rezerv ve tenor degerlerindeki hata sinir1 yiizde 20-30 civarindadir
[4]. Sondaj, galeri, basasagi, basyukari, desandre ve diger hazirlik ¢alismalar1 goériiniir rezervin elde edilmesinde
oldugu gibi gereklidir. Fakat bu islemler daha az yapilmaktadir.

Miimkiin rezerv, iki veya {i¢ boyutta cevher kiitlesi ile ilgili net bilgilere sahip olunmayan, tahminlerle
desteklenen maden yatagini ifade etmektedir. Rezerv hesaplamada kullanilan hata sinirlari ortalama yiizde 50
civarindadir. Bu rezerv sinifinin hazirlik ¢aligmalar1 (sondaj vb.) diger rezerv tiirlerine nazaran daha az sayida
olmakta ve yeterli degildir.

Tim rezerv tirlerinin olusturulabilmesi igin uzman jeologlardan tarafindan jeoloji haritalarmin titizlikle
olusturmasi gerekmektedir [5]. Bu sayede baz alinan haritalar yapilacak rezerv aragtirmalart i¢in 1s1k tutacaktir.

Glinlimiiz maden sahalar1 rezerv arama calismalarinda uydu ve insansiz hava tasitlar1 (drone veya UAV)
vasitasiyla gorsel ve ii¢ boyutlu veriler ile ¢esitli degerlendirmeler yapilarak sahalardaki rezerv miktarlari konusunda
on degerlendirmeler yapilabilmektedir [6-9]. Bu gibi ¢esitli teknolojik verilerin kullanimi mevcut ¢aligmalara ek
olarak katki saglamaktadir.

Bu calismada maden yataklarina gore uygulanan rezerv hesaplama yontemleri ve kullanilan parameterler
degerlendirilerek gelecek galigmalarda dikkat edilmesi gereken hususlarin 6nemi vurgulanmustir.

2. Rezerv Hesaplama Yontemleri

Maden yataklarinda rezerv hesaplama yontemleri jeolojik yapiya ve hesaplamada istenilen hassasiyete gore
degisebilmektedir.
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Genel olarak rezerv hesaplama yontemleri klasik ve jeoistatistik hesaplama yontemleri olarak ikiye ayrilir. Klasik
rezerv hesaplamada yasanilan sikintilar jeoistatistik rezerv hesaplama yontemlerini ortaya ¢ikarmustir. Jeoistatistik
yontemlerin iistiinliigli, hesaplamalar1 daha dogru ve giivenilir olarak belli giivenlik dereceleri arasinda sonuglar
verebilmeleridir [10-12].

Giliniimiizde rezerv hesaplama asamalar1 genelde su sekildedir;

a)Veri toplama (sondaj)

b)Jeolojik ¢aligmalar (litoloji belirleme, maden yatagini tanimlama, vb.)

¢)Ug boyutlu madencilik programlariyla damar olusturma (string, dtm, vb.)

d)Rezerv hesaplama yonteminin belirlenmesi (Klasik yontemler, Jeoistatistik, Ters Uzaklik Yontemi, vb.)

e)Sinir tendr veya kalorifik degere gére ekonomik ve optimum rezervin bulunmasi

Maden rezerv calismalarinda blok model yontemi kullanilir. Bu blok modeller ile cevher kiitlesi birim bloklara
ayrilarak degerler atanir. Bu deger atama yontemleri genelde sunlardir [13]:

i) Geometrik yontemler,

ii)Ters uzaklik yontemi,

iii)Jeoistatistik yontemler

Giliniimiizde daha ¢ok jeoistatistik yontemler kullanilmaktadir. Sebebi uzaklik ve jeolojik degerlerin baz alinarak
diger noktalarin tahmini daha net olmaktadir. Klasik yontemlerde kullanilan {iggen, prizma, yamuk, poligon, es
kalinlik (izopak) haritalari, kesit gibi yontemlerde tahminlerin hata oran1 daha yiiksek olmakta, bu hata oranlarinin
sayisal olarak belirlenmesinde problemler yaganmaktadir [1]. Jeoistatistik yontemlerde (Variogram, Kriging, vb.)
istatistiki degerler hesap edilip, hata orani, minerallesmenin devamlilifi, farkli dogrultu ve egimlerdeki
cevherlesmelerin tahmini, gercek ve tahmin degerleri arasindaki korelasyon degerlerini hesaplamak daha giivenilir
ve daha net hale gelmektedir [14, 15].

Ulkemizde giin gectikce artan madencilik faaliyetleri sonucu bu hesaplama yontemlerini daha onemli hale
getirmektedir. Klasik rezerv hesaplama yontemleri daha az islem gerektirse de elde edilen rezerv degerleri
jeoistatistik yontemlerle elde edilen degerlerle farkliliklar gostermektedir.

Komiir madenleri metalik madenlere nazaran daha az hassasiyet gerektirse de yukarida anlatilan nedenlerden
dolay1 klasik yontemlerden jeoistatistik yontemlere gecis yapilmaktadir. Rezerv hesaplamalarin hassasiyetin artist
siir tendriin hesaplamasinda yarar saglamaktadir [16, 17].

Jeoistatistik yontemlerin kullanilmasi tavsiye edilse de, bu konulara hakim miihendis ve uzmanlardan olusan
ekiplerle ¢alisarak uygulamak rezerv hesaplama agisindan daha anlamli ve mantikli olmaktadir. Gelisen madencilik
programlar1 bu islemlerin daha saglikli ve kisa siirede yapilmasina olanak saglayacak ve madencilik faaliyetleri daha
verimli hale getirilecektir

3. Jeoistatistik Yontem

Maden yatagindaki degiskenlerin (tendrler veya kalorifik degerler) degerleri arasinda olusan fark, bu
parametrelerin arasindaki uzakligin bir fonksiyonu olarak ortaya konmaktadir [18-20]. Jeoistatistik ¢aligmalarinda
maden sahas1 degiskenlerinin uzakliga bagh degisimleri incelenir ve fonksiyon olarak birbiriyle h kadar uzaklikta
bulunan iki maden ocag degiskenin arasindaki farkin varyansi olarak degerlendirilir (Esitlik 1, 2). Baska bir
ifadeyle, iki degiskenin arasindaki farkin varyansmin degeri noktalar arasindaki mesafenin biyiikligi ile
degisebilmektedir [20, 21].

2y(hy=var [C(a)-C(a+h)] @)

2y(h) : variogram fonksiyonu,

C(a) :anoktasindaki saha parametresinin degeri,

C(ath) : a noktasindan h kadar uzaklikta bulunan saha parametresinin degeri,

Asagidaki formiille bu durum matematiksel olarak ifade edilmektedir.

2y(h)=E[C(x)-C(x+h)]’ 2
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h: noktalar arasindaki mesafe (lag degeri)

Variogram fonksiyonu (y) degerlendirilen maden sahasi parametresinin stirekliligi, yonelimi ve range degerleri,
grafiklerde elde edilebilmekte veya otomatik olarak sonucu alinabilmektedir [20, 21]. Degisik madencilik
programlar1 buna olanak saglayabilmektedir (Micromine, Datamine, Surpac, Netpromine, vb.). Bu programlar
sayisal arazi modeli (dtm), tel kafes (wireframe), istatiksel analizler, veri doniigiimleri, sondaj loglar1, blok model, ii¢
boyutlu modellemeler, haritalama ve benzeri islemlerde ¢ok verimli ve hassas caligabilmektedirler. Bu iglemlerin
hassasiyetleri veri sayisina ve dogruluguna baglidir.

Variogram grafiklerinde h=0 oldugu noktada Co nugget (kiilce etkisi) degeri vardir. Bu nokta ayn1 noktadan
aliman degigsken degerler arasindaki farktan olusur. C sill (tepe degeri) degeri ise yapisal uzaklik (range) degerine
ulastig1 noktadaki degerdir. Yapisal uzaklikta degiskenlerin degerleri bu degere kadar birbiriyle anlamlidir, bu
degerden sonra ise degerler birbiriyle anlamsizdir (Sekil 1).

v(h)

/
I/
Kilce etkisi [Ca) —L

Tepe deden (C) T ;;__’-—v-
|

apisal Uzaklik (a) h {meszfe)

Sekil 1.Variogram grafigi [20].

Jeoistatistiksel degerlendirmeler ile tahmin edilen rezerv degerleri son yillarda gelistirilen {i¢ boyutlu maden
yatag1 modellemeleri ile daha kesin sonuglar elde edilmektedir [22]. Metalik madenlerde (altin, giimis, krom ve
bakir) implicit modelleme (Sekil 2), komiir maden sahalarinda ise daha net sonu¢ veren stratigrafik (tabaka)
modellemeler (Sekil 3) kullanilabilmektedir. Implicit model metalik madenlerde mercegimsi ve salkim gibi olusmus
maden yataklari i¢in, stragrafik modelleme ise komiir gibi tabakali maden yataklar1 i¢in gelistirilmistir.

35



Ozdemir, M., (2023). / Journal of Scientific Reports-C, 5, 33-40

Sekil 3. Stratigrafik modelleme [24].
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4, Modelleme Parametreleri

Jeoistatiksel ve ii¢ boyutlu modellemelerde dikkat edilecek parametreler vardir. Bunlar;
a)Jeolojik verilerin net olarak detaylandirilmast,

b)Topografya,

c¢)Siireksizliklerin belirlenmesi,

d)Sondaj noktalari ¢iftleri sayisi,

e)Sondaj noktalar1 aras1 mesafenin optimum olarak belirlenmesi,

f)Verilerin istatiksel analizi,

g)Anizotropi ¢esidinin belirlenmesi,

h)Maden yatag1 yonelimi,

i)Deneysel variogram grafiklerinin uygun model variogram g¢esidine uyarlanmast,
j) Maden yatag1 ekonomik durumu.

Sekil 4. Sondajlardaki jeolojik birimler [25].

Modellemelerde dikkat edilmesi gercken baslica unsur jeolojik verilerin net olarak belirlenmesidir. Sekil 4’te
sondajlardaki farkli renklerde olan jeolojik birimlerin yerlerinin net olarak belirlenmesinin 6énemi gésterilmektedir.
Farkli konumlardaki jeolojik birimler rezerv yonelimini ve miktarin1 degistirebilmektedir.

Komiir veya metalik madenlerin yonelimi veya damar olusumlart birbirinden farklilik géstermektedir. Kémiir
damarlar tabaka halinde damarlasma gosterirken, metalik madenler merceksi veya salkim halinde damar yapisi
gosterebilmektedir.

Modelleme ve rezerv hesaplamada topografya, tiim sondaj noktalarinin yerini, maden rezervinin alinig seklini
degistirmektedir. Drone ve Lidar gibi yiizey haritalama teknolojileriyle elde edilebilen yiizey gorintiileri
(topografya, cevher ve atik sahasi, vb.) rezervi modellemede maksimum hassaslik saglayabilmektedir [26-28].

Siireksizlikler (fay, catlak, vb.) maden yataginin yonelimini, dolayisiyla yapisal uzakligi, tahmin ve hata
oranlarimi etkilemektedir. Siireksizlik konumuna gore rezerv ve maden isletme tasarimi degisebilmektedir.

Sondaj noktalar1 ¢iftleri sayisi kaynaklarda en az 30 olmasi gerektigi belirtilmektedir [1, 2]. Deneyimlere ve
formiillere gore elde edilen bu sondaj cifti sayisi ile elde edilen sonuglarin daha giivenilir oldugu diisiiniilmektedir.
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Sekil 5°te sik yapilan sondajlarin maden rezervlerinin hesaplamalarindaki énemi goriilmektedir. Optimum rezerv
miktarinin bulunmasinda sondaj sikliginin belirlenmesi kritik 6nem arz etmektedir. Dik sondajlar genellikle komiir
yataklarinda, egimli sondajlarin ise metalik ve benzeri madenlere daha fazla uygulanmaktadir. Bu iki sondaj tiiriiniin
birlikte kullanimi maden yataginin nihai modelini elde etmede gerekebilmektedir.

Sekil 5. Sondaj siklig1 [25].

Sondaj noktalar1 aras1 mesafe komiir madenlerinde 50-250 metre arasi degisebilmekte, metalik madenlerinde ise
tendr degerleri diisiik mesafelerde bile ani degiskenlik gosterdiginden komiir madenlerine nazaran daha sik
olmaktadir.

Verilerin istatiksel analizinde genel olarak numune degerlerinin normal dagilim grafigine uymasi onerilmektedir
[29]. Ancak normal dagilimin saglanamadigi durumlarda lognormal dagilim saglanmasi jeoistatistik igin yeterli
olabilmektedir [30]. Carpiklik katsayisi degerinin sifir, basiklik katsayisinin ise ii¢ degerine yakin olmasi tavsiye
edilmektedir [31].

Anizotropik degisimlerin (tabakakanma, yonelimler, vb.) geometrik ve bdlgesel olarak tespit edilerek, sill ve
range degerleri ve bunlarla birlikte minerallesmelerin dagilimina ve yonelimlerine dair bilgiler elde edilebilmektedir.

Maden yatagi yonelimini kuzey, giiney, batt ve dogu yonlerinde jeoistatistik analizler ile dlgmek gerekebilir.
Ancak yonelimler ara yonlerde de (kuzey-bati, giiney-dogu, vb.) olabileceginden bu yonleri de dikkate almak rezerv
hesaplarinda daha saglikli sonuglar elde etmek adina ¢ok 6nem arz etmektedir.

Deneysel variogramlarda elde edilen grafiklere en uygun model variogram (kiiresel model, iissel model, gauss
model veya dogrusal model) secilerek kiilge etkisi, esik degeri ve yapisal uzaklik degerleri, maden sahasini temsil
edecek diizeyde daha anlamli ve giivenilir hale gelecektir.

5. Sonuclar

Madencilikte rezerv hesaplama; maden 6mrii ve maden ekonomisi ag¢isindan en 6nemli unsurlardan biridir. Bu
unsurun belirlenmesinde tiim asamalarin uzmanlik ve titizlikle yapilmasi gerekir.
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Klasik ve jeoistatistik yontemler karsilastirildiginda, jeoistatistik yontemler daha fazla hassasiyete sahip olduklar1
icin glinlimiizde daha yaygin kullanilmaktadir. Ancak bu yontemlerin uygulama agamalarindaki parametreler
miimkiin oldugunca fazla ve detayli olarak incelenip, maden sahasina en uygun ydntemin (implicit, stratigrafik ve
benzeri) belirlenmesi maden yataginin verimli bir sekilde elde edilmesinde zemin hazirlayacaktir.

Rezerv hesaplama yontemlerinin saglikli ve dogru bir sekilde yapilabilmesi i¢in sondaj yerlerinin ve sikliginin
dogru bir sekilde belirlenmesi, sondaj numunelerinin sondaj bdlgelerinden dogru sekilde alinmasi ve analiz edilmesi
gerekmektedir. Bu sayede dogru sonuglara ulasmada ilk siiregler hassas bir sekilde yapilmig olabilecektir.

Maden sahalarindaki rezervin optimum sekilde hesaplanmasi ve degerlendirilmesi iilke ekonomilerinin gelisimi
ve ihtiyaclarinin karsilanmasi konusunda ¢ok dnemli bir yere sahiptir.

Glinliimiiz {i¢ boyutlu madencilik programlart ve bu programlar1 yetkin bir sekilde kullanabilen kisilerle rezerv
hesaplamalar1 daha saglikli hale gelecektir.

Tesekkiir

Madencilik calismalarinda makalede belirtilen konulara destek veren ve bu konularin gelisimini saglayan
arastirmacilara ve kuruluslara tesekkiir ederim.
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Oz

Salda golii ve cevresi jeolojik, hidrojeolojik ve jeomorfolojik amaglh birgok calismaya konu olmustur. Bu goliin essiz giizelligi ve
Mars’a benzerlik nedeniyle uluslararast kamuoyunun ilgisini ¢ekmis ve ¢evre koruma konusunda ¢esitli agirlikli aragtirmalara
konu olmustur. Bélgedeki Salda ve Doganbaba Kéyleri ile Yesilova (Burdur) ilgesi gibi yerlesim bolgelerinin desarji Salda Golii
havzasi i¢inde yer almaktadir. Bu nedenle, Salda Golii Havzasi’ni korumak, atiksularin sagliksiz desarjindan kurtarmak ve desar;j
kriterlerini saglamak amaciyla yeni aritma tesislerinin projelendirilmesi gibi miihendislik ¢alismalarina ihtiya¢ duyulmustur. Bu
kapsamda, bir adet Konvansiyonel Aritma Tesisi Projesi ve iki adet Paket Aritma Tesisinin yapilmasi kararlagtirilmistir. S6z
konusu bu iki projenin uygunlugunun arastirilmasi amaciyla 20 lokasyonda toplam 213,5 m sondaj ve 31 lokasyonda toplam
105,3 m aragtirma ¢ukuru agilmigtir. Bu yeralti aragtirma tekniklerinin yani sira, bdlgedeki zeminlerin fiziksel ve mekanik
ozelliklerinin ongorisiinde kullanilmak iizere iki ayr1 profilde “cok kanalli ylizey dalgasi analiz yontemi (MASW)” dlglimil
yapilmustir. Bu ¢aligma kapsaminda inceleme alaninda agilan sondaj kuyulari, arastirma cukurlari, yiizey dalgasi dlgiimleri ile
laboratuvar ¢aligmalarindan yararlanilarak bolgedeki birimlerin zemin &zellikleri ve tesis {initelerinin oturacagi, hatlarin gegecegi
zeminlere ait mithendislik parametreleri hakkinda bilgiler bu ¢aligma kapsaminda degerlendirilmistir.

Anahtar Kelimeler: Salda Golii; Burdur; Aritma Tesisi; Tagima Kapasitesi

RN Tocations aisedlin 11 Protection Of Salda L ake (Burdur) bagm

Abstract

Salda Lake and its surroundings have been the subject of many studies for geological, hydrogeological and geomorphological
purposes. Due to the unique beauty of this lake and its similarity to Mars, it has attracted the attention of the international public
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and has been the subject of various environmental protection studies. The discharge of residential areas such as Salda and
Doganbaba Villages and Yesilova (Burdur) District in the region is located within the Salda Lake basin. For this reason,
engineering studies such as designing new treatment facilities were needed to protect the Salda Lake Basin, save it from
unhealthy wastewater discharge and meet the discharge criteria. In this context, it was decided to build one Conventional
Treatment Plant Project and two Package Treatment Plants. To investigate the suitability of these two projects, a total of 213.5 m
of drilling holes were opened in 20 locations, and a total of 105.3 m of research pits were opened in 31 locations. In addition to
these underground research techniques, "multi-channel surface wave analysis method (MASW)" measurements were made in
two separate profiles to be used in predicting the physical and mechanical properties of the soils in the region. Within the scope
of this study, information about the properties of the units in the region and the engineering parameters of the soils where the
facility units will be founded and the lines will pass were evaluated within the scope of this study, by using the drilling wells,
research pits, surface wave measurements and laboratory studies in the study area.

© 2023 DPU All rights reserved.

Key Words: Salda Lake; Burdur; Treatment Plant; Bearing Capacity

1. Giris

Salda g6lii ve yakin gevresini de igerisine alan bolgede giiniimiize kadar jeolojik, hidrojeolojik ve jeomorfolojik
amagli birgok calisma gergeklestirilmistir. Salda Golii ve etrafinin jeomorfolojisi aragtiran Ardel [1] goliin ofiyolitik
melan;j i¢inde oldugunu ve bazi kisimlarda serpantinlestigini saptamistir. Altinli [2] ise bolgedeki jeolojik yapilari
dikkate alarak goliin antiklinal bir alanda yer aldigimi belirtmistir. Yalginlar [3] Salda Golii'nlin ofiyolit ve
karbonatli birimlerin olusum yasimin Mesozoyik oldugunu, Akkus [4] ise bu golin Neojen donemden sonra
olusumunun basladigin1 tespit etmis olup, tektonik hareketlere bagli olarak nihai seklini aldigint ortaya koymustur.
Bilgin vd. [5] calismalarinda Salda Goli’niin kuzey, bati, giiney ve kuzeydogusunda c¢ogunlukla bozunmus
ultramafik kayalarin hakim oldugunu, dogu kesiminde ise bilhassa Kayadibi etrafindaki kiregtaslari, g6l kiyist
gevresinde farkli caplarda bozunmus gabro, harzburjit ve hidromanyezit ¢akillarindan olusan giincel pekismemis
sedimanlar ile kaplh oldugunu belirtmislerdir. Salda Goli’niin farkli noktalarindan su ve sediman orneklemelerini
alan Caldirak [6] derlenen 6rneklerin ana element ve agir metal miktarlarini tespit etmistir. Bu aragtirmaci elde etmis
oldugu sonuglar1 dikkate alarak aliivyonal birimin altinda peridoditin olabilecegini belirtmistir.

Salda goli Tirkiye’nin en derin gdllerinden biri olma 6zelligini tagiyor olmasi ve essiz giizelliginin yani sira
Mars’a benzerlik tespiti nedeniyle yakin zamanda farkli arastirmalara konu olmus uluslararast kamuoyunun ilgisi
nedeniyle yeni ¢aligsmalara da agik bir alan haline gelmistir. Russell vd. [7] Salda goliiniin etrafindaki manyezit
yataklar1 ve olusum benzerlikleri, Mars’ta da kesfedilen “Beyaz Kaya” ile yakin iligkili oldugunu vurgulamislardir.
Schmidt [8] ¢aligmasinda Salda goliinde ilk kez hidromanyezit-stromatolit olusumundan bahsedilmektedir. Goliin bu
durumu dikkate alarak Varol vd. [9] Salda Golii havzasindaki yiizey ve yeraltt sularmin kimyasal bilesimi,
miktarlari, kirlilik durumlari ve kalitelerinin tespit edilmesine yonelik ¢aligmalar yapmuglardir. Benzer bagka bir
calismada Varol vd. [10] ise bu g6l havzasinin giineyindeki yiizey sularinin Mg-Ca-HCO3, Ca-Mg-HCO3, Mg-
HCO3 ve Mg-Na-HCO3-CO3 fasiyesinde oldugunu vurgulamistir. Ayni arastirmacilar, mikrobiyolojik gelisen
kirlenme ile As, Al, Cr ve Fe gibi iz element igeriklerini belirlemek iizere ¢alismalarda gergeklestirmislerdir. Genel
olarak hidrojeolojik ve jeokimyasal kokenli giincel ¢caligmalarda gol suyu bilesiminde magnezyum tuzunun yiiksek
yogunlukta oldugu ve bu sebeple yiiksek alkali gdl sinifinda yer aldigi tespiti [11, 12, 13, 14,15,16, 17,18]
hidromanyezit-stromatolit olusumlarmin goriilmesi ile yerylzinde pek rastlanilmayan bir siirecte olustugu
anlagilmaktadir. Davraz vd. [16] Salda'da Mg igerigindeki artis g6l suyunun ultramafik kayaglarin ayrismasindan
kaynaklandigini belirtmistir. Sekertekin vd. [19] Salda Gé&lii Normallestirilmis Fark Su Indeksi (NDWI) su
indeksinde su ile kapli alanlarin ¢ikarilmasinda farkli esikleme algoritmasinin performansini Destek Vektor
Makinesi (SVM)siniflandirma sonuglari ile degerlendirmistir. Karaman [20] Salda Goli gibi gollerde elde edilecek
sonuglarin, Mars yiizeyindeki benzer olusumlara sahip Jezero Krateri paleolake ge¢misi hakkinda énemli bilgilerin
elde edilmesine ve yorumlanmasina dolayl olarak katki saglayacagini belirtmistir.
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Gole yanstyan inorganik yagis bulgular1 2019 yilinda Ozel Cevre Koruma Alani ilan edilmesinin yani sira ayni
zamanda uluslararasi kriterlere gore hassas ve kirilgan bir ekosisteme sahip oldugundan Onemli Bitki Alam ve
Onemli Kus Alam [21, 22, 23] olarak bilinmektedir. Varol vd. [10] Salda Gélii havzasinda yeralt1 ve yiizey su
akiglar1 Salda Goli'ne dogru oldugundan herhangi bir kirleticilerin yeralt1 sular1 ve yiizey sulariyla Salda Golii’ne
ulagsmakta oldugunu belirtmistir. Hanedar ve Tanik [24] yaptiklar1 caligmada antropojenik faaliyetler ve iklim
degisikliginin etkisiyle su kaybinin bozulmay1 hizlandirdigini tespit etmislerdir.

Yesilova ilcesinde kurulmasi planlanan Yesilova/Salda Teleferik Hattinin zemin grubu ZB (biraz ayrismis
kayalar) olarak belirlenmis zeminde sivilagma beklenmedigi belirtilmistir [25]. Bu calismada ise, Salda Golii'niin
kve dolayisiyla su kalitesinin standartlara uygun hale getirilmesi amaciyla Yesilova Atik Su Aritma, Salda Koyt ve
Doganbaba Kdoyii Paket Atik Su Aritma tesislerinin zemin degerlendirmeleri ve incelemelerine yer verilerek
bolgedeki jeolojik birimlerin fiziksel, mekanik ve hidrojeolojik karakteristikleri degerlendirilmistir.

2. Caliyma alaninin tanitimi

2.1. Genel ozellikleri

Salda Golii Burdur’un Yesilova ilgesi sinirlart igersinde yer almakta olup, ilge merkezine 4 km uzaklikta bulunan
karstik bir goldiir (Sekil 1). Rakimi 1200 metre olan dalgali plato goriiniimiindeki Yesilova, Giineybati Anadolu’da
Goller Bolgesi’nin karakteristik 6zelliklerini tagimaktadir. Yiiksek daglar ile Akdeniz ikliminden ayirilan Salda Golii
ve yakin g¢evresinde karasal iklim hiikiim stirmektedir. Sicakligin -16,7°C ile +39,6°C arasinda degistigi calisma
bolgesinde yazlar sicak, kislar ise soguk gecmektedir. Kis aylarinda artan yagis yillik ortalama miktar1 443 mm.

civarindadir.

KARADENIZ

Sekil 1. Calisma alaninin yerbulduru haritasi (yakin uydu goriintiisii Google Earth kullanilarak hazirlanmistir).
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2.2. Caligsma alaninin jeolojik ozellikleri

Calisma alaninda Mesozoyik ve Senozoyik yasl kayaclar yaygin olarak ylizeylenmekte olup, bolgedeki jeolojik
birimler, Kizilcadag Melanj1 ve Olistostromu, Dutdere Kirectasi, Orhaniye Formasyonu ve Marmaris Peridotiti gibi
temel kayalar ile geng aliivyonal birimler olarak bilinmektedir. Jeolojik yas1 Orta Triyas-Liyas olarak belirlenen
Dutdere kiregtaslar1 orta-kalin tabakali olup, rekristalize karbonatlardan olusur [26, 27]. Calisma alanindaki en yaslh
olan bu birim Kayadibi Kéyii ve yakin gevresinde oldukga geneis alanlarda yiizeylenmektedir. Ust iliskisi arastirma
alaninda gozlenmeyen Dutdere kirectasinin alt dokanagi tektonik olup, yaklasik 700 metre kalinliga ulasir [28].

Jura-Kretase yasli Orhaniye Formasyonu adlandirilmasi Poisson [29] ve Meshur [30] tarafindan yapilmis olup,
radyolarit ve ¢ort ara bélmeli ¢ortlii mikritlerden olusmustur [28]. Orhaniye formasyonu, ince- orta- kalin tabakali,
¢ok sik kivrimli, yer yer bazik volkanit ve seyl-radyolarit-¢ort ara diizeyli ¢ortlit mikritler goriiliir [28]. Orhaniye
formasyonu ile Kizilcadag ofiyolitli melanj1 arasindaki dokanak tekntoniktir [ 29, 31,28].

Poisson [29] tarafindan adlandirilan ve bdlgede yumusak topografya gosteren kesimleri Kizilcadag Ofiyolitli
Melanj ve Olistostromu volkanik bilesenlerden ve serpantinitten olusmaktadir [32]. Senel vd. [28] bu birimin
Marmaris ofiyolit napinin da bir kismini olusturdugunu ve birimin Yesilova merkez ve gevresinde en genis yayilima
sahip oldugunu belirtmislerdir.

Kretase yasli Marnaris Peridotiti serpantinit ve peridotitlerden olusmakta olup, bazi lokasyonlarda serpantinlesmis
ultramafik kayalarda bu birimin i¢inde rastlanilmaktadir [33, 34, 28]. Bu birim Salda golii ve ¢evresinde genis
alanlarda yilizeylemekte ve harzburjit ile serpantinlesmis harzburjitler gibi egemen kaya tiirlerinin yani sira, gabro,
diyabaz, piroksenit vb. kayalarda siklikla gbzlenir [28]. Senel vd. [28]’ne gore alt ve iist dokanagi tektonik olan
Marmaris peridotiti kalinli§1 bazi kesitlerde 1000 metreye kadar ¢ikmaktadir. Thuizat vd. [35] K-Ar yas tayin
yontemini kullanarak bu birimin yaginin yaklagik 114 milyon yil (Apsiyen- Albiyen) oldugunu saptamislardir.
Diinitler Marmaris peridotiti iyesi olup, mineralojik bilesiminden dolay1 bozunmaya dah yatkin ve dolayisiyla daha
yumusak egimli topografya sunmaktadirlar [28].

Giincel akarsularin ve yamag¢ molozlari Kuvaterner 6rtii birimlerini olusturmakta ve bu aliivyonal birimler Salda
Golii cevresi ile Yesilova ilgesini i¢ininde yer aldigi nispeten egimin olmadig diizlilk alanlarda genis bir bolgede
yayilim gostermektedir. Aliivyon olarak tanimlanan gen¢ pekismemis birimler genel olarak sarimsi, blok, ¢akil,
kum, silt ve kil tane boyundan olusan sedimanlardan olugsmaktadir. Cakilli seviyelerdeki tanelerin kdseli oldugu ve
kil ile desteklendigi gozlenmistir. Calisma alanindaki aliivyon biriminin birikinti konisi olarak depolanan kirmntili
tortullardan geldigi diisiiniilmiistiir.

2.3. Caligsma alaninin hidrojeolojik ozellikleri

Calisma alaninda Salda Golii’niin yani sira, mevsimsel akis gosteren Armut Cay1, Doganbaba, Salda ve Kopek
Caylar gibi yiizey su kaynaklari bulunmaktadir. Bolgede agilan sondaj kuyulari ve arastirma cukurlart verilerine
gore yeraltl su seviyesi Yesilova’da yapilmasi planlanan aritma tesisi sahasinda 6,50 m. ve kollektdr hattinda ise
5,80-6,50 m. arasinda degisim gostermektredir. Benzer sekilde, Salda Kdyii paket aritma sahasinda 2,20 m’de,
kollektdr hattinda 1,50-3,00 m’de yeralt1 suyu seviyesi saptanmustir. Bu yeralt1 su seviyesi 6l¢iim sonuglari dikkate
alindiginda bdlgedeki sularin oldukca sig olup, dinamik yiikler alinda ince kum ve silt boyu pekismemis aliivyonal
zeminlerin davranisi agisindan 6nemli oldugu goriilmektedir. Ayrica, Yesilova Konvansiyonel Aritma Tesisi ve
Salda Paket Aritma ile Alternetif Paket Aritma Tesisinde agilan sondaj kuyularindan alinan su 6rnekleri iizerinde
yapilan betona zararlilik tayini deney sonucuna gore Salda kdyii paket aritma yerinde alinan zemin suyu numunesi
kireg ¢oziicli karbondioksit degerinden kuvvetli etkiye sahip oldugu anlasilmistir.
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2.4. Tektonik ozellikleri ile depremselligi

Salda Golii Havzasi Isparta biiklimiiniin batisinda bulunmakta olup, bolgedeki daglar batida yaklasik olarak
kuzeydogu-giineybati, dogu kesiminde ise kuzeybasti-glineydogu dogrulsuna sahiptir. Salda Golii ve cevresi Ketin
[36] tarafindan gerceklestirilen jeolojik caligmalarda Toridler olarak isimlendirilmistir. Bolge giincel jeolojik
yapisini Alpin orojenezi faaliyetleri ile tamalamistir [37]. Isparta biiklimii bati kesimde kuzeydogu dogrultulu
Burdur fay zonu, dogu kesiminde ise kuzeybat1 dogrultulu Aksehir-Simav faylari ile sinirlanmaktadir [37]. Burdur
ve Aksehir fay hatlari kuzey-giiney yonli sikisma gerilmeleri ile meydana gelen makaslama bileseni karakterize
eden fay sistemlerini isaret etmektedir [37]. Bolgenin tektonizmasi ve deprem potansiyeli dikkate alinarak, Tiirkiye
Bina Deprem Yonetmeligi [38]’ne goére aritma tesisi initeleri icin yapilacak projelendirmelerde yapilacak
analizlerde kullanilacak dinamik zemin parametreleri agagida Tablo 1’de verilmistir.

Tablo 1. Yesilova AAT ile Salda Koyii ve Doganbaba paket aritma tinitelerinin deprem parametreleri.

Parametreler Yesilova ATT Salda Doganbaba
Koordinatlar 37.524324° 29.77360°  37.524235°29.629822°  37.589817° 29.643894°
Deprem yer hareketleri diizeyi (DD): DD-2 DD-2 DD-2
Yerel zemin smifi (YZS): ZC ZE ZC
Bina kullanim siifi (BKS): 3 3 3
Bina 6nem katsayisi (I): 1 1 1

Kisa periyot harita spektral ivme katsayisti (Ss): 0.911 0.890 0.874
1.0 s periyot i¢in harita spektral ivme katsayis1 (S1): 0.216 0.211 0.209
Kisa periyot bolgesi i¢in spektral ivme katsayist (Fs): 1.200 1.188 1.200
1.0 s periyot i¢in yerel zemin etki katsayisi (F1): 1.500 3.245 1.500
Tasarim spektral ivme katsayilari (Sps): 1.093 1.057 1.049
Tasarim spektral ivme katsayilart (Spy): 0.324 0.685 0.314
Deprem tasarim sinifi (DTS): SDS>0,75 1 1 1
Bina yiikseklik sinifi (BY'S): 8 8 8

En biiyiik yer ivmesi (PGA) (g): 0.389 0.380 0.370
En biiyiik yer hiz1 (PGV) (cm/s): 20.814 20.163 19.929

3. Arazi ve laboratuvar ¢alismalari

Bolgedeki arazi caligmalari aragtirma g¢ukurlari ile zemin profilinin denetlenmesi ve daha sonra sondaj
calismalari, uygun orselenmis ve orselenmemis Orneklerin derlenmesi, yerinde deneyler yapilmas: ve “¢ok kanalli
yiizey dalgast analiz yontemi (MASW)” Olglimlerin alinmasi seklinde gerceklesmistir. Salda Goli ¢evresindeki
allivyonal zeminlerde 31 lokasyonda toplam 105,3 m arastirma gukuru agilmasinin yani sira, 20 ayri lokasyonda 6-
20 metre arasinda degisen deriliklerde toplam 213,5 m sondaj ¢aligmasi gergeklestirilmistir. Ag¢ilan bu arastirma
cukurlart ile sondaj caligmalarinda yeralti su seviyesinin bolgedeki aliivyonal zeminlerde 1,2-6,5 m. arasinda
degistigi saptanmigtir. MASW oOlciimleri iki profilde gerceklestirilmis olup, profilin basindan ortasindan ve
sonundan atiglar yapilmis olup, enerji kaynagi olarak 8 kg balyoz ve demir plaka kullanilmigtir. Bu &lgtimler sonucu
bolgedeki zeminler igin belirlenen dinamik ve diger zemin parametreleri Tablo 2’de sunulmustur. Agcilan
sondajlarinda ince taneli zeminlerde standart penetrasyon deneyi (SPT) yapilmis olup, elde edilen sonuglar Tablo
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3’te sunulmustur. Ayrica, arazi ¢aligmalari sirasinda acilan sondaj kuyularinda 10 adet 6rselenmemis (UD) 6rnek
almmugtir. Arazi g¢aligmalar sirasinda alinan oOrselenmis ve oOrselenmemis ornekler kullanilarak, Salda Golii
cevresindeki zeminlerin su igerigi, yogunlugu, tane boyu dagilim analizleri, Atterberg limitleri, makaslama dayanim
parametreleri ve sigsme parametreleri belirlenmistir. Orneklerin makaslama dayanim parametrelerinin
belirlenmesinde hem dogrudan makasalama deneyi hem de ii¢ eksenli sikigma deneyinden faydalanilmig olup,

hesaplanan sonuglar Tablo 4’te verilmistir.

Tablo 2. MASW o6l¢timler ile Salda Golii etrafindaki zeminker i¢in belirlenen parametreler.

SERIM NO Vs V,  Poisson Y Elastisite modiilii =~ Shear modiilii ~ Bulk Modiilii Zp To Vszo Z.
(m/s)  (m/s) v) (kN/m®) (MPa) (MPa) (MPa) (m/s) (s) (mls) Smufi
272 495 0,28 17,9 339,3 132,1 261,5
1 403 1391 0,45 19,8 937,8 3225 34118 1,76 052 434 ZC
557 1589 0,43 20,5 1822,3 637,2 4336,1
287 480 0,22 17,9 360,2 1474 215,8
2 418 1400 0,45 19,9 1009,7 348,1 3493,0 1,73 050 474 ZC
557 1886 0,45 20,8 1874,3 645,3 6538,2
Tablo 3. Standart penetrasyon deneyi sonuglari.
Gozlem lokasyonu SPT Ngo USCS YASS (m)
. . .. 7-37 CL-ML-MH
Yesilova konvansiyonel atik tesisi 15-48 SC-SM-GW-GM 6,5
. .. .. . 5-34 CL-ML-MH
Yesilova kollektor hattinin gegecegi zeminler 3-36 SC-SM-GW-GM 5,8-6,0
.. 3-26 CL-ML-MH
Salda paket aritma tesisi 4.25 SC-SM-GW-GM 1,9-2,3
.. . . 16 CL-ML-MH
Salda kollektor hattinin gegecegi zeminler 4-11 SC-SM-GW-GM 1,5-3,0
< .. 6-11 CL-ML-MH %
Doganbaba paket aritma tesisi 11-refii SC-SM-GW-GM
< .. .. . 6-refii ML-MH %
Doganbaba kollektor hattinin gegecegi zeminler Refii GC
USCS: Birlestirilmis zemin siniflama sistemi, YASS: yeralt1 su seviyesi, *: yeralt1 su seviyesi tespit edilememistir.
Tablo 4. Alman 6rneklerin makaslama dayanim ve sisme parametreleri.
. c [0} Sisme yiizdesi Sisme basinci
Gozlem lokasyonu (kN/m?) © (%) (KN/m?) USCS
Yesilova konvansiyonel atik tesisi 36,2903 58 L819 24,5-26,5 cLcH
sriova konvansty * * = ** SC-GC-GW-GM
. . .. . 35,0-77,5 4-11 1,6-1,7 20,6-23,5 CL-CH
Yesilova kollektor hattinin gegecegi zeminler 17.527.3 1922 o v SM-GW-GM
Salda paket aritma tesisi 6,3-12,3 5-10 CL-CH-ML-MH
a1da paket aritma fesist 40,7-52,7 | 2327 o ** GW-GM-SM-SP
Salda kollektor hattinin gegecegi zeminler * * *E ok CL-CH
. - 6,3-12,3 23-27 * ok ML-MH
Doganbaba paket aritma tesisi 63123 2397 - v GO-GW
Doganbaba kollektér hattinin gegecegi zeminler * * *K K ML-MH-GC-GW

*: ornek yetersizliginden ilgili deney yapilamamistir, **: zemin sisme davranigi gostermiyor.

4. Salda golii ve yakin cevresindeki zeminlerin miihendislik karakteristikleri

Yesilova Konvansiyonel Aritma Tesisi ve Salda Koyl ile Doganbaba Kdoyii Paket Aritma Tesisi iinitelerinin
oturacagi zeminlere ait net emniyetli tasima giicii, oturma, sisme 6zellikleri, sev stabilitesi, sivilagma, kazi klasi, vb.
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konularin anlagilmasinda kullanilmak {izere arazide ve laboratuvar ¢aligmalarinda alinan veriler degerlendirilmistir.
Bu miihendislik yapilarinin tagima giicii hesabinda acilan sondaj ve aragtirma ¢ukuru sonuglarina gore idealize zemin
parametreleri belirlenerek Hansen [39] ’e gére tasima giicii analizleri yapilmustir. iri taneli zeminlerde oturma
analizleri aliivyon icin sondajlardan elde edilen etki derinligi igerisindeki SPT-N degerleri diizeltilerek elde edilen
N60 degeri ve net yiik kullanilarak iri taneli zeminlerde radye temel igin Meyerhof-Terzaghi-Peck yontemi
kullanilarak ani oturma hesaplar1 yapilmistir. Ani oturma hesabi igin etki derinliginin belirlenmesine ihtiya¢ vardir.
Etki derinligi hesabi i¢in, SPT-N30 degerleri derinlikle arttifindan temel derinliginden B kadar asagida kalan SPT-N
degerleri diizeltilerek elde edilen N60 degerlerin aritmetik ortalamasi alinarak ani oturma hesaplamalar yapilmustir.
Etki derinliginin belirlenmesinde Craig [40] tarafindan verilen grafik kullamilmustir. Yapilacak kazilarin sev
analizleri kisa siireli duraylilik kosullar1 dikkate alinarak ve giivenlik katsayisi 1,3 segilerek yapilmistir. Yapilan
analizlerde sev duraysizlig1 agisindan herhangi bir sorun ile kargilagiilmamigtir. Bélgedeki kohezyonsuz zeminlerin
stvilagma davraniginin tanimlanmasinda SPT verileri, tane boyu dagilimi ve Atterberg limitleri esas alinmis olup,
Seed ve Idriss, [41] tarafindan Onerilen, daha sonra [42], [43], [44], [45] ve [46] tarafindan degistirilen yaklasimdan
yararlanilmstir.

5. Sonuglar

Bu aragtirmanin amaglar1 kapsaminda yapilan sondaj calismalari, arastirma ¢ukuru, orselenmis ve érselenmemis
zemin Orneklerinin derlenmesi, uygun arazi ve laboratuvar deneylerinin yani sira arazi caligmalari sonucunda
ulasilan genel verilerin bir biitiin analizleri sonucu elde edilen sonuglar dikkate alinarak yapilan degerlendirme ve
analizler asagida 6zet bir sekilde sunulmustur:

1.  Salda Goli Havzasi’ni korumak, atiksularin sagliksiz desarjindan kurtarmak ve desarj kriterlerini saglamak
amaciyla yeni bir aritma tesisinin projelendirilmesinin yararli olacagi degerlendirilmistir.
2. S0z konusu havzanin korunmasi amaciyla insa edilecek miihendislik yapilarin temellerini olusturan

zeminlerin fizikomekanik ozellikleri ve yeralti suyu kosullarini belirlemek amaciyla arazide sondaj, arastirma
cukuru, jeofizik ve arazi gézlemleri yapilmis ve ihtiya¢ duyulan drneklemeler gergeklestirilmistir. Bu kapsamda, 20
lokasyonda toplam 213,5 m sondaj ve 31 lokasyonda toplam 105,3 m arastirma c¢ukuru acilmis olup, 2 profil
kullanilarak MASW olglimleri alinmistir.

3. Yesilova Konvansiyonel Aritma Tesisi, Salda Koyii ve Doganbaba Koyl Paket Aritma Tesisleri
Kuvaterner yagh Aliivyon birim {izerinde yer almakta olup, kollektor hatlar1 Kretase yash Kizilcadag Ofiyolitli
Melanj ve Olistostromu’na ait serpantin ve Kuvaterner yaslt Aliivyon birimleri iizerinde yer almaktadir.

4. Kisa siireli duraylili kosulari dikkate alinarak bolgedeki zemin malzemelerinin makaslama dayanim
parametreleri dogrudan makaslama ve ii¢ eksenli sikisma deneyleri kullanilarak belirlenmistir. Kisa siireli duraylilik
analizlereinde kullanilmak iizere belirlenen kohezyon ve igsen siirtiinme agisi degerlerinin Yesilova Konvansiyonel
Aritma Tesisim i¢in 36.2-90.3 kPa ve 5-8(1, Salda Koyii Paket Aritma Tesisi i¢in 6,3-52,7 kPa ve 5-27(7 ve
Doganbaba Koyii Paket Aritma Tesisi i¢in ise 6,3-12,3 kPa ve 23-2777 oldugu saptanmistir. Belirlenen bu
makaslama dayanim parametreleri temel alinarak yapilan sev analizlerinde, temel kazi ¢aligmalar1 sirasinda herhangi
bir duraysizligin yasanmayacagi anlagilnustir.

5. Yesilova atiksu aritma yerinde alinan oOrselenmemis numuneler {izeinde yapilan konsolidasyon
deneyilerinde zeminler diigiik-orta sisme derecesinde yer almaktadir. Ancak, temele aktarilacak gerilmelerin sisme
basincindan biiyiik olmasi nedeniyle sisme agisindan bir sorun 6ngoriilmemektedir.

6.  Yesilova Konvansiyonel Aritma Tesisi ile Salda ve Doganbaba Paket Aritma Tesislerinde yer alan {initeler
icin zeminin emniyetli tagima giicii, oturma ve sivilagma agisindan herhangi bir sorun gériinmemektedir.

7.  MASW yobnteminde kullanilarak ¢alisma alanmin 30 metre derinlik i¢in ortalama makaslama dalgast hizi
degerlerinin (vs30) 434 ile 474 m/s araliginda degistigi saptanmis olup, sahadaki zeminlerin genel olarak “ZC”
sinifinda yer aldig: tespit edilmistir. Bu zeminlerin hakim titresim periyodu (To) degerlerinin 0,50 ile 0.52 arasinda
degistigi ongorilmiistiir.
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