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PREFACE

Although Engineering and Architecture are two separate disciplines, 
positive results emerge only when they act together.

As the needs on a global scale increase, the need for the mentioned 
branches becomes more evident.

As Charles Eames stated, “Recognizing the need is the primary con-
dition of design.” Evaluating the researches and the results  together in 
line with the needs will make the problem or solution  be evaluated from 
different perspectives and the emergence of new ideas.

This book offers researchers a different, interdisciplinary perspective 
on engineering and architecture.

This book, “Advances In Engineering and Architecture Sciences”, 
provides an academic forum for academics and researchers working in 
the fields of Engineering and Architecture. Studies of academicians and 
researchers working in different fields are evaluated in the book.I would 
like to thank the authors who supported the book with their studies 
and information, and IVPE Publishing House for bringing the studies 
together and presenting them.

Assoc. Dr. Halil İbrahim KURT 
Assoc. Prof.Dr. Gülden SANDAL ERZURUMLU
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CHAPTER I

PROGRESSIVE GENERATIVE ADVERSARIAL 
NETWORK-PROGAN

Erkan DUMAN 
Department of Computer Engineering, Firat University, 

Elazig, Turkey, erkanduman@firat.edu.tr  
ORCID: 0000-0003-2439-7244 

1. Introduction
The insufficient dataset is a very common situation in machine learning 
applications. It is impossible to find a dataset with the required number of 
samples in some critical applications. For example, in a biomedical image 
processing application, the creation of samples in the dataset is possible 
thanks to high-cost imaging devices. Another up-to-date example that 
comes to mind is that the lung CT images of patients, especially at the 
beginning of the COVID 19 pandemic, are not enough to train a model. 
On the other hand, in multi-class applications, the available datasets are 
generally imbalanced. Models trained with imbalanced datasets are sen-
sitive to detecting the major classes examples, but often fail to capture 
others that belong to minor ones. The privacy of patient information, 
in other words, the law on personal data protection, is another obstacle 
that must be overcome. Another negative case that artificial intelligence 
researchers must overcome is that unlabeled information in the dataset 
requires expert knowledge. 

The difficulties highlighted above can be solved by generating syn-
thetic samples to augment datasets. Classical data augmentation pro-
cesses based on geometric transformations have been proven to partially 
improve model training. With operations such as horizontal flipping, 
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rotation with random angle, crop, zoom-in, it is possible to increase the 
number of samples in the dataset and thus improve the model fitting. By 
generating synthetic color lesion images with geometric data augmenta-
tion techniques, (Bisla, Choromanska, Berman, Stein, & Polsky, 2019) 
and (Vasconcelos & Vasconcelos, 2017) developed models that could 
provide more accurate melanoma predictions. 

Generative Adversarial Networks (GANs), a cutting-edge approach 
created by Ian Goodfellow in 2014 (Goodfellow et al., 2014), is a more 
successful way of generating synthetic datasets nowadays. Before the 
GANs, generate data approaches were also used. None of the prior 
methods, however, had proven as realistic as GANs. The accuracy of the 
results obtained using GANs was previously thought to be impossible in 
machine learning applications. 

GANs generate synthetic data using two competing models instead 
of just only one model. The word “adversarial” in the GANs title empha-
sizes that these two models compete with each other. There is a two-
player system dynamic, like the game of chess and Go. One model loses 
as much as the other model gains. In theory, the established game should 
be continued up to a point called the Nash equilibrium. The game comes 
to such a point that; both players are hesitant to make moves. Although 
not possible in practice, the goal is to train both models until they reach 
this point. 

“Network”, which is the last word of the title, is due to the design 
of the models as artificial neural networks, as you can guess. A simple 
feed-forward neural network or a recent CNN architecture could be used 
as the network model. 

Figure 1 summarizes the key components of the GANs architecture 
and their interactions. To begin, a real dataset should be provided to be 
imitated, as well as the Generator and the Discriminator, the two com-
peting models. Using a random number vector (z), the Generator block 
aims to generate realistic samples from latent space. It may, for example, 
be requested to create a fake image using this random number input, 
which is represented by the z notation. 
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Figure 1: The subnetworks of a GAN and their interactions.

A discriminator block, on the other hand, seeks to correctly distinguish 
between fake and real images applied to its input. This analyzing task, 
which is simply due to the unrealistic fake instances generated by the 
generator block at the beginning, will get more challenging as the train-
ing goes. 

The discriminator is a model that aims to distinguish between real 
and synthetic samples. It generates an accurate score about which images 
are fake. The Discriminator model’s parameters are updated depend-
ing on the accuracy of this prediction. Fake samples from the Generator 
model are utilized to fool the discriminator block. The trainable parame-
ters of the Generator model are adjusted depending on how much it can 
fool the Discriminator.

In Table 1, the steps of the training algorithm of GANs are given. 
The trainable parameters of the Discriminator are updated to max-
imize classification accuracy (maximizing the probability of correct 
prediction: x as real and x* as fake). The Generator model is similarly 
trained to maximize the probability that the Discriminator misclassi-
fies x* as real. 



ENGINEERING AND ARCHITECTURE SCIENCE4

Table 1: Training algorithm of GANs. 

Training steps of 
Discriminator 

• Take a random real sample x from the
real dataset

• Get a random numbers vector z from
latent space and, using this vector,
generate a synthetic sample x*

• The discriminator model tries to
distinguish between x and x*

• Compute the prediction error and
update the Discriminator’s weights by
backpropagation this error value.

Training steps of 
Generator 

• Get a random numbers vector z from
latent space and, using this vector,
generate a synthetic sample x*

• Try to fool the Discriminator model by
using x*

• Compute the prediction error and
update the Generator’s weights by
backpropagation this error value.

In summary, GANs are a cutting-edge deep learning technique that uses 
a competitive dynamic between two neural networks named Genera-
tor and Discriminator to synthesize realistic data samples. GANs have 
numerous applications in a variety of fields, including biomedical and 
fashion. 

2. The Structure of Progressive GAN-ProGAN
The Progressive GAN (ProGAN) approach is a state-of-art technique 
for high-resolution imaging. The generator and discriminator start the 
training process with the lowest resolution of 4x4 and grow by a factor 
of two with each iteration. For example, to create realistic images with a 
resolution of 128x128 pixels, a total of 6 GAN models must be trained 
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successively. The first model learns to create 4x4 images before passing 
on the learned weight values to the second model, which creates 8x8 
images. The 8x8 model begins the training process using weight values 
transferred from the 4x4 model, completes its own training phase, and 
then sends its knowledge to the 16x16 model.

Starting with the lowest resolution and gradually raising it with each 
model upgrade; a shorter and more stable training procedure gener-
ates more varied and high-quality outputs. 

Figure 2: Th e growing Generator and Discriminator in the training of 
ProGAN. Source: adapted from (Langr & Bok, 2019).

Figure 2 demonstrates what the higher resolution means in plots (c) and 
(d). To begin, determine the region with the global minimum by looking 
at the loss function from the farthest point. Zooming in on this region 
continues a deep search training. The resolution and quality of the out-
puts are being improved as the zoom-in tilts. (a) and (c) diagrams show 
the differences in output quality between 32x32 and 1024x1024 models. 

In the ProGAN technique, a highly abrupt transition between mod-
els might cause a shock and result in the loss of previously obtained 
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knowledge. In 2017, (Karras, Aila, Laine, & Lehtinen, 2017) created a 
ProGAN technique to overcome this challenge. Instead, the PGGAN 
authors fade in those layers smoothly, as seen in Figure 3, to give the 
system time to adjust to the higher resolution.

Figure 3: During training, the transformation from 16x16 to 32x32.

Figure 3 shows how the fade-in method increases the resolution of syn-
thetic images. 16x16 models with finished training and 32x32 models 
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with ongoing training are presented in sections (a) and (c), respectively. 
The alpha parameter is used to implement the transition in section (b). 
In shock, a sudden switch from the 16x16 to the 32x32 model would 
cause the model to produce incorrect results. Instead, there is a smooth 
transition. The 16x16 model’s knowledge is transferred to the 32x32 
model. From 0 to 1, the alpha parameter is increased. The knowledge 
obtained from the prior resolution’s training is retained in this manner. 
If the 32x32 model is to be trained with 4000K images, for example, the 
alpha parameter can be guaranteed to approach 1 during the first 800k of 
these images. After teaching the model the first 800K images, the 32x32 
model that has recovered from the shock will be shown the remaining 
3200K images. While the information from the 1-alpha path is initially 
prioritized, it loses its effect with time, leaving just the data from the 
alpha path to stand alone. 

The upper portion of Figure 3 depicts the Generator model’s res-
olution growth process, while the lower part depicts the Discriminator 
block’s resolution decrease process. To avoid misunderstanding, some of 
the blocks drawn here may require explanation. The 2x block, for exam-
ple, denotes the UpSampling() function, whereas the 0.5x block indicates 
the Average_Pooling() function.  The toRGB block represents the process 
of creating an image from a 4-dimensional tensor, whereas the fromRGB 
block represents the process of converting an image to a 4-dimensional 
vector. 

The following are some of the most significant improvements identi-
fied in the ProGAN study proposed by Karras et al. in 2017. Mini-batch 
standard deviation, equalized learning rate, pixel-wise feature normaliza-
tion, and improved loss function called Wasserstein-GAN. 

The mini-batch standard deviation of the Generator’s samples was 
first taken into account. This procedure’s purpose is to generate synthetic 
images that are diverse enough to cover all classes, not just a few. A low 
value implies that the samples in the Generator’s batch come from the 
same or adjacent space region, even though the fact that simply a sim-
ple statistical value is computed. The Discriminator may interpret these 
images as fraudulent in this case. It ensures that the real-world dataset’s 
diversity is captured.
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The equalized learning rate choice is the second enhancement. Each 
layer’s weight values are normalized in this process. Each layer’s normal-
ization is done with a separate c coefficient. As a result, the weights can 
make large jumps in the layers where significant changes are required. It 
allows you to get to the global optimum in less time.

The features that are trying to be learned during the training have 
been shown to cause a gradient explosion, especially at the beginning. 
Pixel-wise feature normalization is used to avoid this issue. The color 
values in the identical pixels of the images in the batch are normalized at 
the output of each layer.

Finally, a new comparison technique called Wasserstein-GAN was 
used to apply the loss function during the training. The earth-mover dis-
tance technique is used to calculate the difference between the probabil-
ity distribution functions produced by the Generator and those produced 
by the real dataset.

3. Example Applications and Their Results
The performance of the ProGAN technique in practice can be ques-
tioned in light of the theoretical knowledge presented in the preceding 
sections. Sample application problems and the results obtained with Pro-
GAN are provided below for this purpose.  1280x1024 high-resolution 
synthetic mammography images performed by (Korkinof et al., 2018) are 
provided in the first sample application we chose. 

The mammography images created by (Korkinof et al., 2018) are 
remarkably realistic, as shown in Figure 4. This instance is significant in 
terms of demonstrating the ProGAN technique’s generalization capac-
ity and its ability to be utilized in a variety of fields. Figure 4 shows 
the comparison of randomly selected samples from ProGAN-generated 
synthetic images with ones from the dataset that are closest to these 
samples.
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Figure 4: Th e obtained results by Dimitrios Korkinof et al., 2018,

In 2018, synthetic lesion images are generated using GAN, and the 
performance of the classifier they utilized improved by more than 10% 
(Frid-Adar, Klang, Amitai, Goldberger, & Greenspan, 2018). The estab-
lished GAN architecture and the loss function demonstrating the achie-
ved improvement are shown in Figure 5 and 6.

Figure 5: Th e developed  model by Frid-Adar, Klang, Amitai, 
Goldberger, & Greenspan, 2018. 

Figure 7 shows the results of a similar application (Pollastri, Bolelli, Paredes, 
& Grana, 2020). DCGAN and LAPGAN were used to create synthetic 
lesion images, and the segmentation outputs of these images are shown. 

Figure 8 displays computed tomography (CT) images of the lungs 
generated by (Zhang et al., 2021) using Dense GAN. They diversified 
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the dataset by utilizing GAN-generated synthetic CT images to classify 
lung images with better accuracy using a deep learning classifier.

Figure 6: Th e obtained imporoved accuracy results by Frid-Adar, Klang, 
Amitai, Goldberger, & Greenspan, 2018. 

Figure 7: Th e obtained results by Pollastri et al. in 2020. 
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Figure 8: Th e obtained results by Zhang et al., in 2021. 

4. Conclusion
ProGAN, the most up-to-date technique for generating large synthetic 
images, is explained in this article, together with practical applications 
and sample results. ProGAN improved the training process faster and 
more stable, according to the researchers. Furthermore, the model output 
images have been demonstrated to be more advanced in terms of diver-
sity and resolution. 

When a dataset is augmented with ProGAN, it begins with a 4x4 
resolution and doubles in size with each iteration. Despite the fact that 
the number of models to be trained appears to be the log2 equivalent 
of the desired resolution, producing high-quality images with a single 
model takes a longer time.

It has been demonstrated with particular instances that ProGAN can 
boost performance in biomedical applications. Breast cancer diagnosis 
from mammography images, skin disease diagnosis from lesion images, 
and COVID-19 diagnosis from lung ct images may all be achieved with 
high success rates.  

Although ProGAN can produce extremely successful synthetic 
images, some fundamental issues must be addressed. The first issue that 
comes to mind is that the greater the resolution value, the more mem-
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ory, and processing power is needed to train the models. Although ready-
made models trained for typical challenges such as creating a human face 
are publically available, adaption and fine-tuning to unique problems 
may involve considerable costs.

ProGAN works by sequentially training several models based on the 
resolution of the target images. Due to the hardware restrictions at hand, 
the batch size during training is lowered as we progress towards models 
with high resolution. When training the 128x128 model, for example, 
batch-size=16 for 64x64 images may need to be reduced to 8. This is 
a fundamental challenge that must be tackled adaptively based on the 
hardware capacity available.
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CHAPTER II

CELLULAR NETWORK TECHNOLOGY AND 
COMMUNİCATİON SYSTEM

Fatih TOPALOĞLU
 (Asst. Prof Dr.), Department of Computer Engineering, 

Malatya Turgut Özal University, e-mail:fatih.topaloglu@ozal.edu.tr 
ORCID: 0000-0002-2089-5214

1. Introduction
Acellular network is a type of ground-based wireless network over cells 
where each cell contains a fixed location transceiver known as a base sta-
tion. In this technology, service is given to each cell by a base station. This 
cellular structure provides radio coverage in wider geographic areas. Cel-
lular networks offer users advanced features over alternative solutions such 
as high capacity, low battery power usage, better coverage and less interfer-
ence from other signals. As seen in Figure 1, the same frequencies can be 
reused in the cellular network example and in two separate cells that do not 
share frequency in that cellular network, thus increasing the total capacity.

Figure 1. Frequency Reuse Factor
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The concept of cellular network was introduced in order to use the fre-
quency spectrum efficiently. Cellular networks form the basis of wireless 
and mobile communications. The area to be covered by the cellular net-
work is usually divided into cells that are considered hexagonal. The cell 
shape is considered hexagonal because by placing cells next to each other, it 
can cover the entire area without overlapping and its shape is very close to 
a circle. If the cells were contiguous circles, there would be spaces between 
the circles; If it were in the form of adjacent squares, the distance from the 
center of the square to the edges and the distance to the corners would be 
different. For these reasons, the cells were assumed to be hexagonal. Each 
cell, which is thought of as a hexagon, has a base station at its center.

Switching between cells ensures that the existing communication 
is not interrupted while the user is changing cells. The mobile device, 
which realizes that it will switch a cell, sends a switch request message to 
the base station of the other cell. Meanwhile, the service is still given by 
the base station of the old cell. The management unit of this base station 
sends the pass request to the base station to which the user is currently 
connected, after some controls. After the two base stations negotiate 
between them, it sends a change base station signal to the mobile device. 
In this case, the mobile device connects to the new base station and the 
call or data communication continues from that station. When the con-
nection is completed, the resources that the mobile device was using on 
its old station are made available to other users.

Cellular network technology supports a hierarchical structure formed 
by the base transceiver station, mobile switching center, location regis-
ters, and public switched telephone network. The base transceiver station 
allows cellular devices to communicate directly with mobile phones. The 
unit acts as a base station for routing calls to the destination host con-
troller. The base station controller coordinates with the mobile switching 
center to interface with the fixed line-based public switched telephone 
network, visitor location recording and home location recording to route 
calls to different base center controllers. Cellular networks retain infor-
mation to track the location of their subscribers’ mobile devices. In turn, 
cellular devices are also equipped with details of suitable channels for 
signals from cellular network systems.
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2. Cellular Network Technology
Bell Laboratories came up with the idea of   reusing frequency in small 
geographic cells in 1947, thus giving birth to the cellular concept for 
the first time. The first widespread cellular radio system, the Advanced 
Mobile Phone System (AMPS), was defined entirely by Bell Labs. Bell 
Labs applied for frequencies around the 800 MHz band to the Federal 
Communications Commission (FCC) in 1958, but the FCC decided 
that this band would be more appropriate for public use. A patent appli-
cation was filed with the FCC for AMPS in 1970. In 1979, the World 
Administrative Radio Conference reserved the 862-960 MHz band for 
mobile systems. After that, in 1981, the FCC allocated 40 MHz to “cel-
luar land -mobile phone service” within the 800-900 MHz band.

What is meant by the concept of cell is to divide a geographical 
region into small cells, as seen in Figure 2. Generally, hexagonal shapes 
are used for cells, but these shapes can change as a result of obstacles such 
as buildings and hills. Cells are collected in clusters and these clusters 
are repeated. The number of cells in a cluster affects both capacity and 
interference. While it is advantageous to have a small number of cells 
for capacity, the number of cells should be high to prevent interference. 
Smaller cell size also increases capacity. Cell size is kept small by operat-
ing base stations and mobile units at low power.

Figure 2. Cell and Cluster Structure
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As stated earlier, although cells are generally considered to be hexag-
onal, they can take almost any shape. Although a circular shape is used 
in a flat desert, there may be overlap at some points and this interfer-
ence is tried to be prevented by adjusting the power level. In urban areas, 
“urban canyon effect” and “urban waveguide effect” degrade cells to a 
large extent and complicate cell management.

Obtaining the highest capacity can be achieved by repeating the fre-
quency the most. When the distance between base stations is adjusted 
in mobile phone systems, the same frequency is not used until the signal 
strength level does not fall below the noise threshold. In conventional 
systems, interference is caused only by background noise. In cellular sys-
tems, on the other hand, interference originates from the same frequen-
cies used in different clusters, and this is considerably larger than the 
background noise.

2.1 Base Station

The base station is the cornerstone of the GSM infrastructure. It is 
responsible for providing the connection between the main switchboards 
and the user. It broadcasts on a two-way mobile network system. Unlike 
an antenna in a radio system, the base station consists of two antennas 
that both receive and transmit signals. Today, base stations use direc-
tional antennas that have the ability to broadcast in different directions 
at different strengths. Communication in GSM, CDMA, 3G and 4G 
networks is not possible without base stations.

Base stations create a coverage area called a cell with the signal they 
emit. These cells can be in different shapes, but mostly hexagonal cells are 
used in the GSM industry. These cells are preferred hexagonal accord-
ing to the attenuation form of the signal emitted from the panels of the 
antennas in the base station. As shown in Figure 3, the base stations are 
located in the center of this hexagon or at each of its three corners. In 
other words, three antennas from three corners will signal inwards, and 
in this way a cell is formed. Hexagonal cells are the cell type that allows 
for the best coverage.
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Figure 3. Base Station Oriented Antenna Diagram

When the base station cells are shown on a map, structures similar to 
honeycombs in the beehive appear. Mobile devices usually connect with 
the base station in the center of the cell, that is, closest to it. Because they 
aim to receive signals with the least loss and distortion. Omni-directional 
antennas have a round cell. Omnidirectional antennas are not used much. 
Because when they form cells next to each other, the out-of-coverage 
spaces between the round rings become too much.

Communication with mobile devices, operators use different fre-
quencies reserved for them. They use different frequencies in and within 
each cell for uninterrupted communication, eliminating signal interfer-
ence with other base stations that could disrupt communication. These 
frequencies are limited by the number of mobile devices to be commu-
nicated with. Each mobile device transmits its own frequency channel. 
For this reason, different channel frequencies are tried to be used in each 
cell. Since the frequencies that can be used are limited, each cell is set to 
use a different channel frequency from the cells adjacent to it. In this way, 
the same frequencies can be used in many stations and they do not affect 
each other. In order not to interfere with the frequencies, the output 
powers of the base stations are separated in such a way that they do not 
affect the cells of other base stations around.

Base stations, like mobile devices, have a coverage area. A typical cell 
site offers between nine and 21 miles of geographic coverage. The base 
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station is responsible for monitoring the level of signals when a call is 
made from a mobile device. When the user moves away from the geo-
graphic coverage area of   the base station, the signal level may decrease. 
This causes one base station to request a transfer to another base station 
that receives the strongest signals without notifying the control to the 
user. In addition, we can list other factors that determine the coverage 
area as communication frequency, transmission power, data exchange 
rate for mobile devices, transmitter length, antenna height, versatility of 
the antennas used, the geographical region where it is installed, obstacles 
and weather conditions.

2.2. Multiple Access Techniques

Multiple access methods in wireless networks provide the opportunity 
to transmit and receive information to many users at the same time 
with limited bandwidth. Commonly known multiple access methods 
are FDMA, TDMA, CDMA as shown in Figure 4. WCDMA access 
technique is a broadband version of CDMA access technique. OFDMA 
and SC-FDMA are radio access techniques used for fourth generation 
communication systems.

FDMA (Frequency Division Multiple Access) technique, the band-
width is divided into channels. Channels are allocated only when users 
request. FDMA allocates a single channel for each user at a time. Each 
channel allocated in FDMA has a different frequency band. This tech-
nique allows limited access. Because the frequency band used by one user 
cannot be used by another user. The FDMA technique is mostly used in 
analog systems.

TDMA (Time Division Multiple Access) technology allows a cer-
tain number of users to access a single frequency channel in different 
time zones. Users allow their transmission in their own time zone. GSM 
technology, which is the second generation cellular communication sys-
tem, uses both TDMA and FDMA techniques.

CDMA (Code Division Multiple Access) technology, all users use 
the entire frequency band. Each user is assigned a set of codes to encode 
the information and distinguish it from other users. The bandwidth of 
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the code flag is much larger than the bandwidth of the information 
flag. In this way, the coding process spreads information over a wide 
spectrum.

Figure 4. Multiple Access Methods

WCDMA (Wideband Code Division Multiple Access) technology 
is actually a derivative of CDMA technology. CDMA and WCDMA 
technology use the same principle. CDMA uses the 1.25 MHz fre-
quency band, while WCDMA uses the 5 MHz frequency band. The 5 
MHz frequency spectrum provides greater capacity and greater data rate.

OFDMA (Orthogonal Division Multiple Access) is a multi-user 
adaptation of OFDM (Orthogonal Frequency Division Multiplexing) 
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digital modulation technique. OFDMA uses FDMA, TDMA and 
CDMA with the advantages of OFDM. Basically, OFDM divides the 
bandwidth into N vertical subchannels and sends the data with these 
subchannels. It is similar to the OFDM technique and the FDM tech-
nique. OFDM technique uses the same rule as FDM technique, this rule 
is to transfer various messages from a single radio channel.

2.3. UMTS Technology

UMTS (Universal Mobile Technology System) is a variant of 3g (3rd gen-
eration) mobile phone technology. Also called 3GSM. It is a combination 
of 3G technology and GSM. It offers services such as text, audio, video and 
multimedia transmission in packets and at speeds higher than 2 megabits 
per second to portable computer and telephone users from anywhere in the 
world. With UMTS, you can transfer voice and data simultaneously, and 
the transfer rate is many times faster than Edge and almost equivalent to 
ADSL. However, 3G connection consumes more energy than Edge.

The UMTS network architecture basically consists of three subsys-
tems as shown in Figure 5, namely the Radio Access Network (UTRAN), 
the Core Network (CN) and the user terminal (UE). UTRAN and CN 
are connected to each other by an interface called ‘Iu’. The ‘Iu’ interface can 
be circuit switched (CS) or packet switched (PS). We can list the elements 
of the network units as follows: UTRAN: It consists of Node-B and RNC. 
Node-B is equivalent to BSC in GSM, CN : equivalent to GSM.

Figure 5. UMTS Terrestrial Radio Access Network
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The base station of the cellular communication system of the UMTS 
standard. The main function of NodeB is to convert the received signal 
into a broadband radio signal transmitted to the phone. The base station 
does not make decisions about the allocation of resources, changing the 
speed to the subscriber, it only acts as a bridge between the controller and 
the subscriber’s equipment and is completely dependent.

2.4. LTE Technology

LTE is the fourth generation cellular network technology that enables 
mobile devices on a cellular network to access data networks. Studies on 
LTE have aimed to develop a new radio access technology using only a 
packet switched network structure (Dalhman at al., 2013). This radio 
access technology uses IPv4 and IPv6 address structure and is com-
pletely IP based. LTE provides high data rate, low interference, more 
user support and low latency rates in data transfer thanks to OFDM and 
high-level modulation techniques it uses (Ersoy, 2017). In LTE, resource 
assignment is performed by creating resource blocks with 180KHz band-
width created by OFDM technique in eNodeBs known as base stations.

Figure 6. LTE Architecture
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The network core of the LTE architecture shown in Figure 6, EPC 
is created using the packet switching structure. P-GW is the unit that 
provides operator connections, internet access, data exchange with exter-
nal devices, QoS management and IP address assignment over the SGI 
interface (Stefania at al., 2009). S-GW are router devices that forward 
data between P-GW and base stations in Turkey and abroad using the 
S5/S8 interface (Stefania at al., 2009).

The eNodeBs in the RAN shown in Figure 6 perform data trans-
fer operations between mobile devices called user equipment (UE) and 
S-GW over the S1/U interface, responsible for radio functions in one or
more cells, and multiple UEs. They are smart base stations that have the
ability to share load if there is a connection (Cox, 2012).

3. Cellular Communication System
Cellular communication systems; It is a method that has emerged to 
increase efficiency and the number of users. Cellular communication is 
based on the principle of placing a smaller and narrower but more than 
one base station (cells) in the area where the service will be distributed, 
instead of placing one and powerful base station. The first wireless com-
munication experience started with the wireless telegraph developed by 
Marconi in 1897 (Bondyopadhyay, 1998). Electronic and semiconductor 
technologies, which have developed rapidly in recent years, have brought 
important developments in communication. Telegraph, telephone and 
internet communications, which started with wired transmission, have 
left their place to wireless communication in many areas with the devel-
oping technological possibilities. Due to the fact that mobile calls pro-
vide significant advantages to users, especially with the use of wireless 
and mobile calls, it has spread rapidly and studies have increased in the 
direction of improving sound quality, bandwidth, coverage area param-
eters. In this context, first generation cellular technologies, called 1G 
(First Generation), have led the development of 2G, 3G, 4G and 5G 
technologies over time.
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3.1. 1G Cellular Communication System

1G is the first generation wireless telephony technology and uses a cel-
lular network system. 1G systems are designed to provide voice service 
and circuit-switched low speed data service (9.6 Kbps) (Garg, 2010). The 
first generation uses only analog modulation techniques. Therefore, since 
it uses an analog data connection, anyone can listen to the conversations. 
In analog systems, audio signals are sent over the air without changing 
their format. No compression or digitization is done. In this model, in 
which circuit switching technology is used, it is not possible to provide 
service to a user on the move (Yadav, 2017). This technology has been 
used since the beginning of radio communication.

3.2. 2G Cellular Communication System

It uses a cellular network system. The greatest advantage of 2G over 1G 
is that it has switched from analog broadcasting to digital broadcasting. 
In digital systems, audio is converted into digital form before it is sent. 
When the digital signal reaches the receiving radio, it is converted back 
to analog. One of the advantages of converting to digital signals is that 
the coverage is large and the sound quality is improved. GSM uses dual 
bands between 890 Mhz-915 Mhz and 935 Mhz-960 Mhz frequen-
cies for mutual communication. 124 channels were fitted into these band 
gaps (Forouzan, 2008).

This model, in which 2G, TDMA or CDMA multiplexing tech-
nologies are used, supports voice and data transmission together (Del 
Peral-Rosado, 2017). GSM, a 2G standard designed to operate at 
850/900MHz frequency, was moved to the 1800MHz band as the num-
ber of users increased. In this way, simultaneous communication with 
multiple users was enabled, but with the increase in frequency, the range 
of the cell, that is, the base stations, decreased.

When the 2G standard was developed, there was a lot of bandwidth 
and few processors, so a technology was created that kept the line busy 
even when not using it. On the other hand, it becomes more and more 
difficult for operators to avoid the “network busy” message that appears 
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in many cases due to this choice. In response to this, 3G, a technology 
where the line is not used when data is not sent, and two devices can 
detect when they send data at the same time, just like in Ethernet tech-
nology, has been created.

3.3. 3G Cellular Communication System

It is the name given to the third generation wireless communication 
technology. It uses cellular network system like 1G and 2G. UMTS is an 
outcome of this technology. By using WCDMA technique for modula-
tion and communication, it can reach wider bandwidths (Anttalaınent, 
2003). In 3G, digital data is transmitted, not voice. In addition, unlike 
GSM, when the user is not actively using his phone, it consumes much 
less capacity than when he is using it, it puts much less load on the cell. In 
this way, the biggest problem we mentioned in 2G, which is busy when 
the network is not actively used, has been overcome with 3G. This has 
allowed service providers to use capacity more efficiently.

The broadcast frequency, which was increased in 2G, was slightly 
increased in 3G and increased to 2100/2400MHz. This led to further 
narrowing of the broadcast area of   the cells and communication problems 
in the closed area, since the wave’s interference decreases with increas-
ing frequency. One of the missing points of 3G is the decrease in speed 
when data communication is made on the move. 3G, which can provide 
2Mbit data communication at 40km per hour, drops to EDGE speed 
when reaching 120km, and communication is almost zero at 360km. In 
order to overcome this speed problem, HSDPA and HSUPA technolo-
gies have been developed. This new version network model, which can 
reach 2Mbps transmission speeds with HSDPA (High-Speed   Down-
link Packet Access) access technology, is called 3.5G. This new version 
3G network, which has achieved transmission speeds of 30Mbps with 
HSUPA (High-Speed   Uplink Packet Access) access technology, is called 
3.75G (Mondal at al., 2015).

Since 3G enables high-speed secure data communication, it enables 
messaging, conversation and internet facilities to be used in a very fast 
and secure way compared to 2G. In addition, positioning service can be 
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provided. Thanks to high-speed packet switched services, 3G internet 
connection, mobile TV, video conferencing, 3D games and video calls 
and similar technologies have become available (Churı at al., 2012).

3.4. 4G Cellular Communication System

It is the fourth generation of wireless phone technology. It is more com-
monly known as LTE technology. Due to the financial size of the infra-
structure investments it requires, it can actually be used in a geography 
that can be said to be very rare in the world. The biggest difference of 
4G from 3G is again in speed. The standard accepted as 2-28 mbit in 3G 
has been replaced by a download speed of 100 Mbps for mobile devices 
and 1Gbps for Wi-Fi in 4G. The upload speed is expressed as 50 Mbps.

The system, which is called Advanced LTE (Long Term Evolution 
Advanced), which promises 1Gbit / s download and 500 Mbit / Upload 
speed, works entirely on LTE, that is, 4G platform, and promises higher 
speeds with some improvements. OFDM / SC-OFDM multiplexing 
technology is used (Gupta and Jha, 2015). Although there is not a big 
difference when reading or writing web pages in daily use, this difference 
will be felt much more especially when using multimedia files and game 
applications with advanced graphics.

3.5. 5G Cellular Communication System

According to the current technology literature, it is the fifth generation 
standard and the highest speed capability in wireless phones. The 5G 
cellular network model has a strong cellular structure equipped with 
WWWW (World Wide Wireless Web) and IPv6 technologies. The data 
transmission rate is higher than 1Gbps. With its high-capacity coverage 
areas, it offers a high usage impact as it can provide service in large geo-
graphical areas, regardless of the frequency and extent of user mobility. 
With the technologies it contains in its infrastructure, 5G networks have 
a very secure communication infrastructure (Gohil at al., 2013). CDMA 
and BDMA multiplexing technologies are used in these networks where 
both circuit switching and packet switching technologies are combined. 
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The development of smart cities offers high data rates and bandwidth 
for precision latency and fault-tolerant applications for healthcare and 
seamless communication of IoT devices.

It promises theoretical speed up to 10 times that of LTE, that is, 4G. 
The only test that can give an idea of     what the situation is in practice was 
carried out by the world technology giant Samsung. The data obtained in 
Samsung’s test has reached a speed of 7.5 Gbps in a fixed location on a 
28 GHz network connection. In the same test, a speed of over 1.2 Gbps 
was recorded in the measurement made inside a vehicle traveling at 100 
kmh. In other words, 940 MB per second for a fixed location means a 
data rate of 150 MB per second in motion at a speed of 100 kmh. This 
is even faster than any wired connection in use. In other words, there is 
exactly 30 times more performance than 5G, not 10 times. In Figure 7, 
the characteristics and comparison of wireless communication technolo-
gies using cellular network technology are given.

Figure 7. Comparison of Different Mobile Technologies (Yadav, 2017)



CELLULAR NETWORK TECHNOLOGY 29

4. Conclusion
In this study, cellular network technology and cellular communica-
tion systems are discussed in general and their working principles are 
explained. Especially the developments in cellular communication sys-
tems, the technologies used and their technical features are presented and 
a comparison table is presented. The increase in the number of mobile 
devices and users increases the need for cellular networks, which are the 
main communication networks of wireless communication technologies. 
Considering the 6G and 7G technologies that are being developed, it is 
predicted that the need for cellular network technology will increase and 
the development in cellular network technology will continue.

In this study, the technical features of the cellular network concept 
and the evolution of cellular communication technologies from the first 
generation to the fifth generation were analyzed in this rapidly evolv-
ing process of mobile cellular communication technology, and multiple 
access techniques (FDMA, TDMA, CDMA, WCDMA, OFDMA), 
UMTS Technology, LTE technology were analyzed. complementary 
technologies such as When all standards are examined, it is observed that 
more efficient use of the limited frequency spectrum lies at the basis of 
technological developments. It is seen that increasing bandwidth values, 
efficient use of the line and data transfer rates have increased signifi-
cantly with the developing semiconductor technologies and transmis-
sion techniques, new multiple access, multiple antenna and modulation 
techniques.
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1. Introduction
Lead and the compounds containing lead are regarded as toxic sub-
stances because of their hazardous influences on the environment and 
humans (Mahmudi et al, 2008; 2009; 2010). Many countries world-
wide have introduced restrictions in development programs and indus-
trial areas where lead is used for environmental protection. Significant 
efforts are being made to replace conventional Sn-Pb solder alloys 
with lead-free alternatives. The melting temperature of lead-free solder 
alloys must be near to the melting point of Sn-Pb alloy (Esfandyarpour 
and Mahmudi, 2011; Directive, 2003). Nevertheless, new solder alloys 
should fulfill economic, physical, and chemical properties and some 
other conditions. The melting points of lead-free solder alloys devel-
oped in this respect should be close to the conventional Sn-Pb eutec-
tic alloy, and their strength and stability should be similar or superior 
(Dong et al., 2008; Lin et al., 2009). Also, in terms of production cost, 
the costs of new alloys should compete with lead-containing alloys 
(Lin et al., 2008). For this purpose, many studies focused on Sn-based 
multicomponent alloys. However, these solder alloys’ melting points 
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are higher than the Sn-Pb eutectic alloy due to production conditions 
and chemical composition changes. Considering these limitations, 
Sn-based alternative solder alloys have been chosen to be used in the 
existing production line without any modification (Rani and Murthy, 
2013). Soldering in the electronics sector has focused on the benefits 
of these alloys, as mechanical integrity is affordable and manufactur-
ability is relatively low (Mei and Morris, 1992; Suganuma, 2001; Tong, 
2011; Osorio et al., 2013; Laurila and Vuorinen, 2010; Goh et al., 2013; 
Shen et al., 2014). It is known that solder joints can damage the elec-
tronic device and shorten the device’s useful life due to thermal stresses, 
stresses, and warpage during prolonged work or fluid behavior when 
overheated (Goh et al., 2013; Vianco et al., 2004; Silva et al., 2015). If 
the solder alloy’ mechanical features are recognized, these merits can be 
used to anticipate the solder’s life and reliability   (using mathematical 
models) (Yoon et al., 2002; Takaku et al., 2004; Lin et al., 2014). It is 
well understand that heat treatment plays an important role (Das et al., 
2009; Li et al., 2006), but the microstructure and rigidity control of sol-
der alloys is complicated in metallurgy and micromechanics (Mokhtari 
and Nishikawa, 2016; Silva et al., 2017). This work purposes to explore 
the thermo-electrical, structural, mechanical, corrosion, and wear prop-
erties of Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic alloy obtained by 
permanent mould casting.

2. Experimental Procedure
In this study, Bi-Sn-Cu hypereutectic alloy was produced in a vac-
uum induction furnace under a high purity argon atmosphere. Master 
raw materials were melted at 300 °C, and waited at this temperature 
for 3 hours. The molten alloy was depleted into a permanent/kokil 
mould preheated up to 350 °C. The surface pollutions of the sam-
ples obtained after casting processes were cleaned; heat treatment was 
applied for 15 mins at about 70 °C, and it was left for cooling in the 
furnace. In the first step of this work, the thermal conductivity varia-
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tions versus temperature were measured using the laser flash method. 
In the second step, the electrical conductivity variations depending 
on the temperature were determined from the Wiedemann-Franz law 
and Smith-Palmer equation using the thermal conductivity values and 
Lorenz coefficient. In the third step, the fusion enthalpy (∆H) and 
the specific heat capacity change (∆CP) were determined. Finally, the 
alloy’s tensile strength, elongation, micro hardness, wear, and corro-
sion properties were investigated. Metallographic processes (mechani-
cally ground with 240, 400, 600, 800, 1000, 1200, 2000, 2500 grit SiC 
papers followed by polishing with 6, 3 and 1 µm diamond paste) were 
conducted for all samples for XRD, FESEM, and EDX. Polished sam-
ples were etched with nital solutions.

3. Results and Discussion

3.1. Measurement of the thermal conductivity (TC)

For diverse materials having distinct thermal conductivity and differ-
ent ranges of temperature, several different measurement methods are 
applied for the experimental determination of their TC. In this work, 
the Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic alloy’ TC is measured 
by the laser flash method. The method measures the temperature rise 
on the backside of a thin disk sample resulting from a low energy pulse 
on the forepart. The sample (10 mm in diameter and about 1-5 mm 
thick) is placed in a vacuum furnace and isothermally heated at a uni-
form temperature. Then, a short (450 µs) laser pulse of 1.06 µm wave-
length irradiates one surface of the sample. The temperature raise on 
the opposite side is measured by an IR detector (HgCdTe or InSb 
depending on the temperature). A high-speed recorder collects data 
representing the temperature rise (see Fig.1). 
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Fig.1: The scheme of the laser flash measurement device.
The diffusivity is determined from the line of the temperature-time plot 
(thermo gram) and sample thickness (e). This study’s TC and diffusion 
coefficients according to temperature are depicted in Figs. 2 (a) and (b).

 (a) (b)

Fig. 2: a) Thermal conductivity, b) Diffusion coefficient vs. temperature 
curves of Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic alloy.

According to the current experimental results, the alloy’ both the TC and 
the thermal diffusion parameters decrease with increasing temperature. 
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The solid-phase alloy’s TC and diffusion coefficient at approximately 
melting temperature are 28.1 W/Km and 0.122 m2/s, respectively. For a 
given alloy, the thermal temperature coefficient of solid-phase according 
to temperature can be given as (Terada et al., 1999);

where κi and κf are the TCs at the initial (Ti) and final Tf tempera-
tures, αTTC is the temperature coefficient. In the work, the αTTC was cal-
culated to be 4.05x10-3 K-1. 

3.2. Determination of the electrical conductivity (EC)

EC is affected by substances’ chemical composition and the stress state 
of crystalline structures. The EC and TC of metals and alloys in solid 
and liquid situations are mainly carried by free electrons. Therefore, the 
Wiedemann-Franz explains the connection between TC and electrical 
resistivity as below (Yamasue et al., 2003):

where k is the Boltzman constant, e is the electron charge, L0 is the 
Lorenz number (constant), T is the temperature (K), σ is electrical con- 
ductivity, κS is the TC of the solid-phase at temperature T, and L is the 
Lorenz number of alloy. This relationship is attributed on the reality that 
both heat and electrical transport involve the free electrons in the metal. 
The Wiedemann-Franz-Lorenz relationship can be modified into the 
following form to associate the thermal conductivity and electrical resis- 
tivity of complex alloys: 
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where A, B, and C are empiric constant. Smith-Palmer (Smith 
and Palmer, 1935) suggested that the thermal conductivity of many 
alloys could be expressed by Eq.(4) if A=0.904 and C=5.27.

In the current study, the variation of electrical conductivity ver- sus 
temperature was determined from the Wiedemann-Franz law and 
Smith-Palmer equation using κS and L. The values of L for pure 
materials are well-known, but they are unknown for alloys. The values 
of L and κS are required to determine the variations of electrical 
conductivity versus temperature. The Lorenz numbers for pure Bi, Cu, 
and Sn are 2.25×10−8 (http://www.kayelaby.npl.co.uk/general
_physics/2_6/2_6_1. html), 2.23×10-8 (Kittel, 1965), and 2.49×10-8 
WΩ/K2 (Sergent and Krum, 1998), respectively.

Lorentz value for Bi-Cu-Sn alloy was calculated from Eq. (5). Xn is 
the weight percentage of the nth component; Ln is the Lorentz value of 
the nth component. The electrical conductivity versus temperature of the 
alloy is depicted in Fig. 3.

The dependence of electrical conductivity on temperature can be 
given as below (Meydaneri and Saatçi, 2014),

where σ and σ0 are the electrical conductivities of the solid phase at 
the final temperature T and initial temperature T0, respectively, and 
αETC is the electrical temperature coefficient. 

Metals’ electrical resistivity increases with temperature, and elec- 
tron-phonon coactions can act a significantly role. The dynamic charge 
carriers’ number in a metal depends on the carrier’ intensity on Fermi 
energy. Free electron concentration in metals (finite temperatures like 
room temperature) does not change with increasing temperature since 
it is already too high to contribute new electrons. In the study, σ 
decrease but ρ increase with the temperature increase.
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3.3. Change of enthalpy and specific heat capacity

The heat capacity results from the vibrations/phonons within the solid. 
In metals, free conduction electrons also promote to the heat capacity. In 
the metals’ free electron model, conduction electrons are considered the 
ideal gas that fits Fermi-Dirac statistics. The interactions of electrons 
with positively charged atomic ions and other electrons are neglected. 
It is not as bad a dealing as it might sight at first glance: ions ensure a 
positively charged frame that partially sweeps electrons from each other. 
Residual collisions are usually relatively insignificant - the energeti-
cally accessible end states are already occupied, forbidding any collision 
excitation processes prohibited via the Pauli Exclusion Principle. Solely 
electrons in orbitals within a kBT range around Fermi energy can be 
thermally excited. In terms of phase transitions and thermodynamics of 
materials, the phase alteration’ latent heat and the heat capacity of the 
materials should be known. When heat is given to the system, the tem-
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Bi-0.5 wt.% Cu hypereutectic alloy.
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perature does not change/stay constant during the phase transformation. 
The given heat is used to provide the enthalpy of fusion (the latent heat 
of fusion) required to transform the solid into a liquid.

TM is the melting temperature, and ∆CP is the specific heat change. The 
DSC (Hitachi DSC7000) thermal quantity was executed in the tem- 
perature range of approximately 323-573 K with a heating ratio of 1°C/
min and by a constant nitrogen flow at atmospheric pressure. The DSC 
plot observed for the alloy is depicted in Fig. 4. 

Fig. 4: DSC plot of Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic alloy.

The alloy’s enthalpy of fusion (∆H) was obtained by getting the area’ 
integral below the peak. The value of specific heat change (∆CP) was 
determined by dividing to the TM temperature of the fusion enthalpy. As 
can be conferred from the alloy’ DSC plot, the areas’ total under the two 
peaks gives the fusion enthalpy. At melting temperature, the enthalpy of 
fusion (∆H1 and ΔH2) for the two peaks is calculated to be 10.2 and 17.8 
J/g, respectively. Also, the change of specific heat (∆CP) for the alloy is 
detected to be 0.065 J/gK.
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3.4. Tensile test and micro hardness results

The tensile test of Bi-Cu-Sn hypereutectic alloy was carried out with a 
Zwick/Roell Z600 Universal test device at a speed of 1 mm/min, and its 
strength properties were determined. Q10 A+ QNESS Vickers micro 
hardness device was used to determine micro hardness. A load of 50 
kg was implemented to the specimen for 10 seconds. Approximately 7 
measurements were made on the grain boundaries and different colored 
phases; the average micro hardness was obtained as 37.13. The morphol-
ogy of the broken surfaces after the tensile test and the phases’ elemental 
mapping were examined with FESEM+EDX. This image and composi-
tion analysis evaluated the ductility/brittleness of the sample. The tensile 
diagram of Bi-Cu-Sn hypereutectic alloy is depicted in Fig. 5, and the 
obtained tensile test outcomes are seen in Table 1. Figures of the bro-
ken surfaces are depicted in Fig.6. Fractured surfaces have an indented, 
opaque surface. These indentations indicate that shear fracture occurs 
due to the shifting of atomic planes. The formation of dimples in the 
structure and a fibrous appearance indicate a ductile fracture, which is 
quite in compatible with the tensile test strength results.

Fig. 5: The σ-ε curve of Sn-30 wt.% 
Bi-0.5 wt.% Cu hypereutectic alloy. 
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Table 1: Mechanical properties of Sn-30 wt.% 
Bi-0.5 wt.% Cu hypereutectic alloy.

Sn-30 wt.% Bi-0.5 wt.% Cu
Yield Strength (σa) 32.78 MPa Sample Diameter 9.0 mm
Tensile Strength (σç) 71.31 MPa Cross Sectional Area 63.90 mm2

Breaking Strength (σk) 41.25 MPa Sample Length 54 mm 
Total % elongation (єt) % 39.50 Average microhardness 37.13

Fig. 6: Composition mappings and the broken surface’ FESEM figure 
of Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic alloy after tensile test.

3.5. Structural, surface, and composition analysis

The crystallographic parameters and orientations of the phases formed 
in Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic alloy were procured via 
Rigaku-Ultima IV XRD with a 0.02° step at 3°/min speed. The XRD 
diffraction peaks and phase components obtained at 2θ=20°-90° are 
given in Fig.7. Regarding binary phase diagrams of Bi-Sn and Cu-Sn, 
only the Bi element shows a maximum solubility of 21% in the       α-Sn 
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phase at a eutectic temperature of 139 °C. This solubility decreases to 3% 
as the temperature approaches room temperature. Therefore, the Bi ele-
ment will disperse in the Sn matrix phase. Otherwise, the Cu-Sn phase 
diagram indicates that the Cu6Sn5 intermetallic phase, albeit very little, is 
formed when Cu combines with Sn at 186 °C. However, as it goes down 
to room temperature, the Cu6Sn5 intermetallic phase will be seen as pre-
cipitation in the Sn matrix phase. According to the XRD diffraction 
peaks, Sn, Bi, and Cu6Sn5 intermetallic phase peaks were observed and 
indexed in Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic alloy. The crystal 
structures, parameters, and Miller indices of the phases formed in this 
structure are imputed in Table 2. The approximate grain sizes (D) of Bi, 
Sn, and Cu6Sn5 phases were calculated by the X-Powder computer pro-
gram versus higher intensity peak of XRD patterns using Debye Scher-
rer’s formula (Cullity, 1978; Mott and Davis, 1979): 

Grain sizes of Bi, Sn, and Cu6Sn5 were calculated as 350, 370, and 330 
nm.

Table 2: Crystal structure parameters of Sn-30 wt.% 
Bi-0.5 wt.% Cu hypereutectic alloy.

2θ (°) d (Å) ( h  k  l )
32.02 2.792 ( 1 0 1 )
43.88 2.062 ( 2 2 0 )
44.91 2.017 ( 2 1 1 )

Sn (Tetragonal) 55.35 1.659 ( 3 0 1 )
a=b=5.830 63.80 1.458 ( 4 0 0 )
c=3.181 64.60 1.442 ( 3 2 1 )

72.43 1.304 ( 4 2 0 )
73.18 1.292 ( 4 1 1 )
79.52 1.204 ( 3 1 2 )
89.42 1.095 ( 5 0 1 )
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27.24 3.271 ( 0 1 2 )
Bi (Trigonal) 38.09 2.361 ( 1 0 4 )
a=b=4.535 48.83 1.863 ( 2 0 2 )
c=11.814 56.20 1.635 ( 0 2 4 )

59.57 1.551 ( 1 0 7 )
63.07 1.473 ( 2 1 1 )
64.69 1.440 ( 1 2 2 )
71.01 1.326 ( 2 1 4 )
85.82 1.131 ( 1 0 1)

Cu6Sn5 30.66 2.914 ( -1 1 3) 
(Monoclinic) 43.80 2.065 ( 2 0 4 )
a=10.926 47.73 1.904 ( 3 3 1 )
b=7.113 c=9.674 44.00 2.056 ( 1 3 2 )

61.85 1.499 ( -1 3 5)
65.38 1.426 ( 0 4 4 )
86.38 1.125  ( 4 4 5)

Fig. 7: XRD pattern of Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic alloy.
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Fig. 8: FESEM and EDX images of Sn-30 wt.% 
Bi-0.5 wt.% Cu hypereutectic alloy.

Two-dimensional (2D) surface morphology of Sn-30 wt.% Bi-0.5 wt.% 
Cu hypereutectic alloy was obtained by FESEM and elemental map-
ping by EDX, and they are depicted in Fig. 8. Thereafter, the red-colored 
Bi-phase with various sizes is dispersed into the Sn matrix phase, shown 
in blue. The needle-like long rod-shaped structures shown in green indi-
cate the Cu6Sn5 intermetallic phase. Small amounts of Bi and Cu are 
diffused into the Sn matrix phase.

3.6. Corrosion and wear properties

Electrochemical corrosion tests for Sn-30 wt.% Bi-0.5 wt.% Cu hyper-
eutectic alloy were performed in a 250 ml 3.5% NaCl solution com-
plying with G 102 – 89 (2004) standard with a computer-controlled 
PARSTAT 4000 (Potentiostat-Galvanostat-EIS Analyzer corrosion tes-
ter) using a standard three-electrode cell. The samples were encapsulated 
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in cold-cured resin, leaving a surface of 0.126 cm2 open and exposed 
to the solution. A copper cable placed behind the resin-coated sample 
was used to establish an electrical connection. A graphite bar was used 
as the counter electrode, Ag/AgCl as the reference electrode, and the 
classical three-electrode cell with the sample surface was utilized as the 
working electrode. The open-circuit potential (OCP) was pursued as 
time-dependent after immersion. For the polarization curve measure-
ment, polarization scanning was performed in the range of -0.32 V (vs. 
open circuit potential, Eoc) +0.12 V (vs Eoc) at a scanning rate of 1 mV/s. 
The Potentiodynamic Tafel curve is given in Fig. 9. 

Fig. 9: Tafel curve of Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic alloy.

According to the outcomes, corrosion potential Ecorr (V), corrosion cur-
rent intensity (icorr, µA/cm2), and corrosion rate CR (mm/year) were mea-
sured as -0.339 Volt, 10.70 µA/cm2 and 0.48 mm/year, respectively. The 
sample’s post-corrosion FESEM image and the EDX analysis for the 
oxidation amount are given in Fig. 10.
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Fig. 10: Post-corrosion FESEM image and EDX analysis of Sn-30 
wt.% Bi-0.5 wt.% Cu hypereutectic alloy.

Wear is a complex system, inevitable in all machine elements working 
with friction. It causes large amounts of material loss and energy wastage. 
In technical terms, wear is an undesirable change on objects’ surfaces due 
to the breaking of micro particles under mechanical factors. There must 
be a mechanical effect for the attrition seen in the materials to be con-
sidered wear. The friction must cause changes on the material’s surface 
slowly or continuously, and they must occur under coercion. In this work, 
wear tests were executed according to ASTM G133 standard, using 
the UTS TRIBOMETER T10/20 device via ball-on-flat method, 
50 m forward-backwards under 5 N and 10 N loads. Figure 11 shows 
the wear trace of the steel ball, FESEM images of the particles broken 
off after wear, and their composition analysis. In wear rate calculations, 
the wear volume loss (Vw) is calculated using the wear depth (a), the 
wear width (b) and the stroke distance (c) from Equation (9).

The wear rate (mm3/m) was found by dividing wear volume loss by the 
sliding distance. This study calculated the wear volumes for 5 N and 10 N 
loads as 0.059 mm3 and 0.822 mm3, respectively. Wear rates for 5 N, and 
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10 N loads were obtained as 1.188x10-3 mm3/m and 1.64x10-2 mm3/m, 
respectively. Regarding the wear trace in Fig. 11, the wear lines on the 
surface in the sliding direction are evidence of typical abrasive wear. The 
broken parts and oxygen appearance in the structure, according to EDX 
analysis, also show that there is oxidation wear by friction.

Fig. 11: Wear trace, FESEM image of the particles broken  
from Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic  

alloy and their composition analysis.

3.CONCLUSION
The Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic alloy was explored for 
the first time in the letterure; therefore, the outcomes could not be com-
pared. In this study, Sn-30 wt.% Bi-0.5 wt.% Cu hypereutectic alloy cast 
on a permanent mould was treated at 70 °C for 15 min, and then it was 
released  to cool in the oven. As a result of metallographic processes, 
the structural properties of the Bi-phase and Cu6Sn5 phase dispersed 
into the Sn matrix phase were determined by XRD, EDX, and FESEM. 
The grain size was the highest in the Sn phase and the lowest in the 
Cu6Sn5 intermetallic phase. Thermal conductivity and diffusion coeffi-
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cient according to temperature were found by the laser flash method, and 
a decrease was observed with increasing temperature. In order to better 
comprehend the phase changes and lattice vibrations, the fusion enthalpy 
change, and the specific heat change were analyzed with the DSC device. 
Electrical conductivity was calculated from Wiedeman-Franz law and 
Smith-Palmer equations using thermal conductivity coefficients. With 
increasing temperature, the electrical conductivity decreases as the elec-
trons’ free path decrease due to electron-electron and electron-impurity 
collisions. The corrosion rate obtained from the potentiodynamic Tafel 
curve is quite low due to the amount of Sn. Both abrasive and oxidation 
wear were observed at the wear test.
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1. Introduction
In the changing and developing world conditions, radiation energy is 
used for different purposes. Protecting the health of society now and 
in the future is paramount when aiming to use radiation for human 
benefit (Coşkun & Coşkun 2003). The sterilization process is the puri-
fication of anywhere from microorganisms at any time. (Gopal 1978). 
This process differs according to the type of material to which it will 
be applied and its properties such as stability. When choosing a ster-
ilization method, attention should be paid to the type, structure and 
preparation stage of the material to be sterilized. Because there is no 
one ideal sterilization method to be applied for all substances. Many 
methods are used to sterilize drugs and pharmaceutical raw materials. 
However, these methods used to sterilize drugs have advantages as well 
as some disadvantages. 

Pharmaceutical raw materials can be sterilized by heat sterilization 
(Varshney & Dodke 2004), but since this method requires high tem-
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peratures, it may cause an increase in temperature in the sample to be 
sterilized. This is not a desirable situation for the sample to be sterilized.

Sterilization with ethylene oxide is one of the methods used to steri-
lize drug samples. In sterilization with ethylene oxide, carcinogenic gases 
accumulate on the sample and a very long ventilation period is required 
(Nishikawa et al., 2018). Again, this is an undesirable situation for the 
sample to be sterilized.

It is increasingly important to sterilize the material to be sterilized 
using ionizing radiation rather than exposure to high temperatures or a 
chemical gas (Basly et al., 1998). Radiosterilization, which is a non-con-
tact process, does not cause any chemical residue and contamination 
on the sample. Thanks to its high penetrating property, it can be used 
even in the packaged form of the sample to be sterilized. In addition, in 
gamma sterilization, no temperature increase is observed in the mate-
rial to be sterilized and the sample does not gain radioactive properties 
(Basly 1999). These are among the advantages of radiation sterilization. 
However, it is possible to count the disadvantages of radiation sterili-
zation. Since ionizing radiation has high energy, it can cause molecular 
destruction when applied to the sample to be sterilized, and as a result, 
intermediate products are formed (Basly et al., 1997). For this reason, 
it is necessary to identify the structures and stability of the intermedi-
ate products formed. In addition, a method should be determined to 
distinguish between irradiated and non-irradiated materials against 
unapproved and uncontrolled radiation applications, especially for eco-
nomic gain (Basly et al., 1998). The most important disadvantages of 
the radiation sterilization method are the formation of free radicals in 
the sample as a result of the irradiation process and the variation in irra-
diation regulations from country to country (Basly & Bernard 1997). In 
this case, the basic logic is to detect the free radicals that will form in the 
structure after irradiation. These free radicals can be detected by seve-
ral methods and thermoluminescence, chemiluminescence and electron 
paramagnetic resonance (EPR) are the most popular of these methods. 
EPR spectroscopy is most suitable for detecting free radicals due to its 
high sensitivity (Murieta et al., 1996). There are many EPR studies exa-
mining the structures and radiation sensitivities of free radicals formed 
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in the structure after irradiation (Osmanoğlu et al., 2005; Başkan et al., 
2015; Sütçü & Osmanoğlu 2018).

The EPR spectra of Odansetron which is an anti-emetic drug were 
investigated by Damian (Damian 2003). The investigated radical is of 
the form R-CH2 and the measured spectroscopic splitting factor (g) 
value is calculated as 2.009. Yurus et al. studied the dosimetric investi-
gation of gamma irradiated sulbactam sodium (Yurus et al., 2004). The 
experimental g value determined for strong resonance peak is 2.0097. In 
another study, the g values of two drug samples used calculated and the 
values obtained were attributed to the carbon or nitrogen-centered radi-
cals (Ambroz et al., 2000). To our knowledge sulindac (SUL) and glybu-
ride (GB) have not been studied by EPR technique, yet. In this context, 
in this study, it was aimed to investigate the characteristic properties of 
free radicals formed in 15 kGy irradiated SUL and GB drug raw mate-
rials using EPR spectrometry at room temperature. Since irradiation at 
low doses has the advantage of minimizing the radiation damage that 
may occur in the sample, irradiated samples with a dose intensity of 15 
kiloGray (kGy) were used in this study (Gopal 1977). In today’s world 
where we are struggling with the pandemic, the importance of radiation 
sterilization, which is a non-contact process, has increased even more, as 
the necessity of presenting non-contact products to the consumer has 
become very important.

2. Experimental
The drugs used in this study were purchased from commercial compa-
nies. The names of drugs used in this work with their chemical formulas 
are shown in Table 1. 

Powder samples were γ-irradiated to a dose of 15 kGy with 60Co 
γ-ray source at room temperature (295 K) at Turkish Energy Nuclear 
and Mineral Research Agency (TENMAK) in Ankara. EPR measure-
ments were carried out on samples in standard quartz EPR tubes at room 
temperature with a bruker EMX model spectrometer. The parameters 
of the spectrometer are given in Table 2.The EPR spectra of the pow-
der samples are shown in Figures 1a and 2a, respectively. The g-factors 
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were found by preforming a comparison with a dipenhylpicrylhydrazyl 
(DPPH) sample (g = 2.0036). The simulation spectra obtained using the 
EPR simulation program which is available through internet are shown 
in Figures1b and 2b, respectively. 

Table 2. Parameter List of EPR Spectrometer
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3. Results and Discussions
SUL is a non-steroidal anti-inflammatory drug of the acetic acid class: it 
has anti-neoplastic properties against colorectal cancers (Cavallari et al., 
2016; Gong et al., 2016). Samples irradiated at room temperature were 
observed to present a sharp and clear singlet EPR signal centered at g = 
2.0082 ± 0.0005. The EPR spectrum of 15 kGy irradiated SUL powder 
at 295 K is shown in Figure 1a.  

Figure 1. (a) Experimental spectrum of 15 kGy irradiated SUL powder

(b) Simulation of the spectrum 
The linewidth is on the order of 0.6 mT. This complex singlet is pro-

bably a superposition of many lines superimposed on ĊHCCCH3 radical. 
We suppose that this spectrum is due to the interaction of free elect-
ron with one α-proton and three methyl protons which are magnetically 
equal. When the spectrum was examined, it was seen that the linewi-
dth value was high and because it was difficult to obtain the hyperfine 
parameters from the experimental spectrum, the simulation spectrum of 
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the sample was obtained and these parameters were calculated from the 
simulation spectrum. That’s why these parameters were calculated by 
simulation program. The calculated hyperfine parameters of the radical 
is aα = 1 mT, a1

CH3 = a2
CH3 = a3

CH3 = 0.4 mT, respectively.  The simulated 
spectrum obtained using these hyperfine parameters is given in Figure 
1b. When the Fig.1b is examined it is seen that the experimental and 
the simulated spectra are highly compatible. The EPR parameters of 
SUL were consistent with the literature data (Damian 2003; Yurus et 
al., 2004). 

Among several poorly soluble drugs, GB is a weakly acid derivative 
belonging to the second generation group of the sulfonylurea antidi-
abetics, used as oral hypoglycemic agent (Cirri et al., 2016). 15 kGy 
irradiated GB showed a singlet EPR spectrum at room temperature 
(Figure 2a). 

Figure 2. (a) Experimental spectrum of 15 kGy irradiated GB powder



ELECTRON PARAMAGNETIC RESONANCE INVESTIGATION OF GAMMA 57

(b) Simulation of the spectrum
When the spectrum obtained from the irradiated GB was examined, it
was determined that the radical formed in the structure was formed as
a result of the abstraction of the H atom from CH2 molecule. The mea-
sured hyperfine parameters values for the unpaired electron are aCH = 0.8
mT, a1

CH2 = a2
CH2 = 0.5 mT and aN = 0.46 mT.  As a result of calculations;

the g value and the linewidth values of the radical formed in the struc-
ture by irradiation were obtained as g = 2.0089 ± 0.0005, ∆H = 0.44 mT,
respectively. Since the nitrogen coupling constant value obtained is very
small, its effect in the experimental spectrum is not observed.  The
EPR parameters of GB were consistent with the literature data (Damian
2003; Yurus et al., 2004; Ambroz 2000). The simulation spectrum of GB
obtained by using these hyperfine parameters is given in Fig. 2b. The
experimental and simulated EPR spectra were observed to be in good
conformity with each other. It was concluded that NĊHCH2 radical was
formed in the GB irradiated to 15 kGy at room temperature.

4. Conclusions
After the gamma irradiation of SUL and GB with gamma rays it was 
concluded that ĊHCCCH3 and NĊHCH2 radicals were formed, respec-
tively. The hyperfine coupling constants and the g values of both samples 
were calculated. It was determined that the calculated EPR parameters 
were compatible with the literature. Although the spectra of the samples 
were singlet, the EPR parameters could be calculated from the simulation 
spectra and the radicals could be determined. In conclusion, investigating 
the magnetic properties of radicals formed in pharmaceutical raw mate-
rials may be beneficial for similar radicals formed in biological systems.
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1. Introduction
Recently, ultraviolet (UV) photodetectors have attracted a great deal of 
attention from researchers with their high performance in optical com-
munication, night vision, chemical sensors, industrial quality control, 
and military and biomedical applications (Lin, Cheng, Yang, Zhou, Lee 
and Wang, 2014:2811; Liang et al., 2016:25925). The studies on UV 
photodetectors based on nanostructured materials such as Nb2O5, GaN, 
SiC, AlGaN, ZnO, V2O5, and TiO2 with wide band gaps were increased 
(Müller et al., 2009:319; (Inamdar and Rajpure, 2014:57). Studies on 
UV photodetectors based on these metal oxide semiconductors (MOS), 
which are highly sensitive, easy to produce, and low cost, draw attention. 
Their absorption coefficient for light detection is also high. The sensing 
properties of such structures are greatly affected by their surface morphol-
ogy, chemical composition, and oxygen vacancies (Yu et al., 2021:159508; 
Liu et al., 2020:5072; Zhou et al., 2020:153416). On the other hand, the 
performance improvement principles of photodetectors and gas sensors 
are different. More electrons are released from the oxygen vacancy states 
to the conduction band in gas sensing, allowing the gas absorption to 
proceed actively (Wu et al., 2018:1713). Electrons excited by the thermal 
energy move freely in the conduction band, inducing a large dark current 
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and reducing the photocurrent/dark current ratio (Wu et al., 2018:1713). 
Specific oxygen gap states near the mid-band gap act as recombination 
centres that reduce photocurrent (Huang, Xiao, Chang, Chen, Chen and 
Li, 2021:095013). For this reason, some researchers have developed strat-
egies to improve the sensing properties of both light and gas molecules. 
Accordingly, amorphous oxide semiconductors (AOS) are frequently 
used in electronic devices due to their high mobility and optical trans-
parency. In order to increase the sensitivity of photodetectors, the met-
al-semiconductor-metal (MSM) structure has gained importance with 
the development of UV photodetector variations based on nanomaterials 
such as Schottky photodiodes and organic-based composites.

The increasing interest towards photodetectors in portable elec-
tronic equipment has also increased the interest in developing low- or 
even zero-energy optoelectronic devices to solve the energy problem. 
Self-powered photodetectors can directly convert optical signals to elec-
trical signals without requiring any external power supply; they have 
significant advantages with low energy consumption, highly improved 
sensitivity, fast response time, and continuous operation (Hatch, Briscoe 
and Dunn, 2013:868; Bai, Liu, Liu and Zhang, 2017:804). On the other 
hand, the demand for flexible electronic devices integrated into wearable 
products such as smart clothing, flexible displays, and stretchable circuits 
has increased researchers’ interest in flexible photodetectors. The appli-
cation characteristics of photodetectors are mainly dependent on the 
response bands. Most UV in the environment is scanned by the ozone 
layer, resulting in higher signal quality and less noise generation in UV 
photodetectors (Chen, Ren, Gu and Ye, 2019:382; Li et al., 2020:2202). 
It is the reason for the interest in UV photodetectors in optical commu-
nication, flame tracking, and missile launching applications.

Graphene is a promising material for new electronic devices due to 
its high electron mobility, atomic layer thickness, and unique mechanical 
flexibility. The broadband absorption has made graphene an attractive 
candidate for solar cells, ultrafast photodetectors, and terahertz modula-
tors. Photoresponse states of graphene and GOs in p−n junction devices 
have been widely investigated. However, the inherently low absorp-
tion coefficient and quantum efficiency of graphene severely limit the 
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performance of high-performance photonic or optoelectronic devices. 
Researchers aimed to overcome these limitations with different graphene 
and GO-based composite structures. The primary purpose of this chapter 
is to review the development of graphene and GO-based UV photode-
tectors in recent years. In this context, photodetector structure/properties 
and parameters, graphene and GO structures will be introduced, and the 
developments in research on graphene and GO-based photodetectors 
will be discussed.

2. Photodetectors
2.1. Structure And Properties

As the variety of application areas of photodetectors capable of convert-
ing light into electrical signals increases, the need for innovative tech-
nologies in which the materials with flexibility, transparency, and higher 
performance are used, along with higher speed, efficiency, or wavelength 
ranges, also increases. A good photodetector should have high sensitivity, 
low noise, fast response time, and low cost. Various studies have been 
carried out to discover photodetectors with low noise, high sensitivity to 
light, and good stability. However, the desired performance level has not 
been reached for these materials. 

The UV light region is the electromagnetic radiation between X-ray 
and visible light, with wavelengths ranging from 100 nm (12.4 eV) to 
400 nm (3.1 eV). The UV light with high energy and short wavelengths 
is absorbed by the ozone layer before reaching the earth. Meanwhile, 
the UV light with a longer wavelength can reach the ground, posing 
a danger to human health in long-term exposure. Photodetectors can 
be divided into vacuum UV photodetectors and Solid-State UV pho-
todetectors. Vacuum UV photodetectors used as UV sensors consist of 
Photomultiplier Tubes, which is not preferred because of consuming 
too much power. Therefore, semiconductor UV photodetectors, which 
attract attention with lower cost, high sensitivity, and low power con-
sumption, are frequently used in medicine, communication, and space. 
The nanoscale materials inspired by nanoscience and nanoengineering, 
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such as quantum dots (QDs), nanowires, and nanolayers, have superior 
photoelectronic properties and their high performance in photodetec-
tors is particularly remarkable. The high precision, fast response, and 
functionality of these materials have also increased the diversity in prac-
tical applications. The studies carried out to improve the performance 
of wide-bandgap semiconductors, and UV photodetectors showed that 
nanostructured devices’ UV photoresponse properties are greatly affected 
by different amounts of impurities, crystallographic orientation, and 
grain size (Adinolfi et al., 2016:7265; Bo, Nasiri, Chen, Caputo, Fu and 
Tricoli, 2017:2608).

Figure 1. Classification of UV photodetectors.

The photoconductor, a radiation-sensitive resistor, consists of a semi-
conductor with two ohmic contacts. The schematic structure is shown in 
Figures 2 a, b. ZnO has the most common UV photoresistance with its 
superior photodetection performance. Its high performance is attributed 
to the tendency to adsorb oxygen molecules in the air by capturing free 
electrons from the n-type semiconductor by surface traps (Figure 3a,b) 
(Fang, Armin, Meredith and Huang, 2019:2; Kim, Jo, Lee and Choi, 
2018:90). It forms an electron-depleted region near the surface and 
causes a significant decrease in device conductivity with band bending, 
as seen in Figure 2b. Band bending creates an internal electric field that 
separates photogenerated electron holes, causing photocarrier recombi-
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nation and long carrier lifetime (Scharber et al., 2006:790; Park et al., 
2009:297). These effects are more evident in nanocrystalline films where 
the surface area is large, and the depletion regions extend throughout 
the film. Electrons in the valence band (VB) are excited to the conduc-
tion band (CB) by simultaneous generation of the same number of holes 
in the VB. There are two options for holes that migrate to the surface 
with belt bending. First, they discharge negatively charged adsorbed oxy-
gen ions to photodesorb oxygen from surfaces. Second, they effectively 
adhere to ZnO surfaces (Fig. 3 c,d). When the UV light is turned off, the 
holes and unpaired electrons are recombined, and the oxygen is slowly 
absorbed into the surface, causing the current to deteriorate (Soci et al., 
2007:1003; Yang et al., 2010:6287).

Figure 2. Schematic illustration and current-voltage 
characteristics of (a,b) Ohmic contact photoresistor  

(c,d) Schottky contact (e,f ) Photodiode.

The schematic structure of Schottky contact photodetectors con-
sisting of a metal layer such as gold, silver, or aluminium in contact 
with a moderately doped n-type semiconductor is shown in Figure 2 
(c,d). It is a unipolar device because it has electrons on both sides of 
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the junctions as majority carriers (Cooper and Agarwal, 2002:957). 
Therefore, since there is no depletion layer is near the junction, no 
significant current will occur with metal-to-semiconductor reverse 
bias. Schottky contact devices exhibit a rectifying behaviour due to 
the electrostatic barrier caused by the difference in operating func-
tions between the metal-semiconductor (Schalwing et al., 2002:1223). 
In these devices, the primary current sustained by optically generated 
carriers in the depletion region and the secondary current resulting 
from the reduction of the Schottky barrier caused by light and trap-
ping in the interface states contribute to the photoresponse (Strobel, 
Seiberlich, Rödlmeier, Lemmer and Hernandez-Sosa, 2018:42735). In 
Schottky contact devices, the photogenerated electron-hole pairs can 
be separated by the local electric field in the Schottky barrier region, 
reducing the recombination rates of the electron-holes, thus extending 
the carrier lifetime and increasing the free carrier density. Increasing 
carrier density will change the Fermi energy and the semiconductor’s 
work function, resulting in a decrease in the Schottky barrier height 
and width between the semiconductor layer and the electrons (Tung, 
2001:122). Electron-hole pairs will recombine rapidly in semiconduc-
tors when UV light is turned off (Cheng, Wu, Liu, Li, Zhang and Du, 
2011:203105; Zhou et al., 2009:191103).

Figure 3. Schematic representation of a nanowire (a,c) and nanoparticle 
network (b,d) photoconductor in the dark and under UV light.
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Photodiodes, consisting of a p-n junction and a p-i-n structure, are widely 
used in various electronic applications, especially in UV photodetection. 
The device has a p-i-n structure comprised of a highly doped transparent 
p-type layer and an n-type high-doped layer with a pure undoped absor-
bent layer in the middle (Figure 2e). When p- and n-type materials are put
in contact, the connection will behave very differently from these two types
(Figure 2f ). The current will flow easily in one direction but not in the
other direction and act as a base diode. There are holes in the p-type region
and extra electrons in the n-type region. When the p-n junction is formed,
some electrons reach the CB from the n region, diffuse across the junction
and combine with the holes. Since filling a hole will create negative ions, it
will leave a positive ion on the n side. The depletion region is formed with
the hole charge, preventing electron transfer. Under UV light, photogene-
rated electron-hole pairs will contribute to the photocurrent induced under
reverse bias (Brown et al., 1993:326; Moses and Derenzo, 1994:1442)

2.2. Parameters Of A Photodetector

2.2.1. Responsivity (R)

Photoresponse or responsivity (R) is the ratio of the electrical output 
signal to the optical input as given in equation 2.1.

High photoresponse is a desirable result for a higher output signal. 
Besides the detector’s noise and the camera system, the radiation wave-
length to which the detector is sensitive, called the spectral photore-
sponse, will also significantly affect the output signal.

2.2.2. Quantum Efficiency (η)

The electrical sensitivity of devices to radiation is defined as quantum 
efficiency. It is given as the percentage of photons forming electron-hole 
pairs in photodetectors relative to the photons coming to the detector. 
Accordingly, as the photocurrent of the photodetector increases, the 
quantum efficiency and sensitivity will also increase; the relationship 
between photoresponse and quantum efficiency is given by equation 2.2:
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Here, q is the electron charge, η is the detector’s quantum efficiency, 
g is the detector gain, λ is the wavelength of the incident radiation, h is 
the Planck constant, and c is the speed of light in a vacuum. Quantum 
efficiency is the ratio of optically generated electrons to incident photons, 
the ratio of the mean free path of the excited carriers to the total active 
layer thickness of the detector.

2.2.3. Signal-to-Noise Ratio (SNR) 

Unwanted signals in the output signal are defined as noise. Noise can be 
reduced by keeping the Signal/Noise Ratio (SNR) high. The origin of the 
noise source is usually the structure of the photodetector. These noises, 
which occur due to fluctuations in the photon arrival rate, lattice vibrations 
in the semiconductor, or the random movement of electrons, cannot be pre-
vented. However, various noise mechanisms, including 1/f, Johnson, Gen-
eration-Recombination (G-R), and Beat Noise, attempt to explain these 
situations. The spectral power density of 1/f noise is inversely proportional 
to frequency, and there are many studies on the relationship between this 
noise and low current mechanisms (Bae, Lee, Kim, Lee and Kim, 2000:878; 
Ozer and Besikci, 2003:560). The noise caused by thermal fluctuations 
occurring when the semiconductor temperature is over absolute zero is 
called Johnson Noise. Generation-Recombination (G-R) Noise, generated 
by the continuous repetition of production and recombination processes, 
may be due to either an optical or thermal generation. On the other hand, 
Beat Noise results from photons arriving at the detector with a random 
arrival rate, representing the minimum obtainable noise level.

2.2.4. Noise Equivalent Power  (NEP)

Noise Equivalent Power (NEP) is the power that can generate a signal 
equal to the amount of noise on the detector. Although NEP is defined 
as a detector sensitivity measurement, it is unsuitable for determining 
detector sensitivity because SNR is not constant and increases with the 
input power. NEP is obtained by dividing the noise voltage or current by 
the photoresponse:
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2.2.5. Detectivity (D)

The inverse of NEP is defined as detectivity (D). Detector performance 
can be improved by increasing detectivity. NEP is called specific detec-
tivity (D*) for detectors and is proportional to the detector area (Ad) and 
the square root of frequency bandwidth (∆f ) ( Jones, 1952:28):

Using D*, the detectors of the same type with different detector areas 
can be compared.

3. Graphene And Graphene Oxide (GO)

Graphene and GO is an interdisciplinary research topic covering many 
disciplines, including science, materials science, device production, 
and nanotechnology. In particular, the 2010 Nobel Prize in Physics 
was awarded for the groundbreaking experiments of graphene (Geim, 
2011:6980). Its high charge carrier mobility, electrical and thermal 
conductivity, transparency, and mechanical strength make graphene an 
indispensable material for future cutting-edge technologies. Studies 
show that graphene-based devices exhibit high performance when used 
in photodetectors, capacitors, sensors, energy, and biomedical applica-
tions, especially in wearable electronics (Wassei and Kaner, 2013:2245; 
Li and Östling, 2013:172; Kumar et al., 2013:240; Wu, He, Tan, Wang 
and Zhang, 2013:1165). Scientific and technological research in energy 
and the environment focus on basic materials’ performance, functional-
ity, and durability. Advanced materials such as activated carbon, carbon 
nanotubes, graphene, and similar carbon-based nanomaterials are start-
ing to play an essential role in science and technology. Therefore, solving 
the difficulties encountered in the application areas of such materials has 
become more critical. Graphene, one of these nanomaterials, is an allo-
trope of carbon in a 2-D and atomic-scale hexagonal lattice. It is also the 
basic structural unit of all graphite carbons such as fullerenes, CNTs, and 
graphite. Graphene has received rapidly increasing attention since it was 
first discovered in 2004. Graphene has numerous remarkable properties 
such as high surface area, high electrical conductivity, excellent flexibility, 
and excellent mechanical properties. Despite the superior properties of 
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graphene, its practical applications are limited due to the difficulties in 
the large-scale formation of specially organized structures.

Graphene, a 2-D sp2 hybridized hexagonal crystal material, is a 
monolayer form of graphite. Graphene sheets are formed when the Van 
der Waals forces holding the layers together are broken. Graphene is 
widely used in nanocomposites, detectors, and supercapacitors because 
of its superior chemical, mechanical and electrical properties. Its prone-
ness to chemical reactions with the carbon atoms in its structure makes 
it a chemically active material that can be converted into desired forms. 
Graphene is a light and elastic material with its high tensile strength; it 
becomes a conductive material thanks to the sp2 hybridized carbons in 
its structure.

Figure 4. (a) The structure of graphene, (b) stacking of graphene layers, 
(c) distribution of σ and π bonds on the graphene structure.

As seen in Figure 4a, graphene is a 2-D monolayer of carbon atoms tightly 
packed in a lattice. The graphite structure with Van der Waals forces 
holding graphene monolayers together is given in Figure 4b. Graphene 
layers are formed when these forces break. The π bonds at the top and 
bottom of each graphene layer (Figure 4c) can overlap with neighbour-
ing carbon atoms. The σ electrons are tightly bound and do not contrib-
ute significantly to the electrical conductivity. However, π electrons can 
move freely in the structure, making graphene a good conductor, so it has 
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superior electrical properties and high carrier velocity. As is known, the 
bandgap is the minimum energy that allows an electron to pass from the 
valence band to the conduction band so that the electron can contribute 
to conduction (Yildiz, Warberg and Awaja, 2021:65).

Figure 5. Electron band structure of graphene and 
Dirac point (Li, Zhang and Xing, 2019:2461)

Since the bandgap is zero in metals, no energy is used in transmission. 
As a zero-bandgap material, graphene can also be called a zero-gap 
semiconductor or zero-gap metal. With these properties, graphene can 
be functionalized with organic and inorganic materials, and its elec-
trical properties can be controlled. These outstanding performances of 
graphene, including its superior optical and electronic properties, result 
from its electronics and lattice structure. Figure 5 shows the electron 
band structure of graphene and Dirac point. The conduction and valence 
bands touch each other at six different points, called the K points. When 
these six points are divided into two equivalent sets of three points, the 
points within each set become equivalent because they can reach each 
other by reciprocal lattice vectors. This proximity shows that near K 
points, the dispersion relationship is similar to the energy spectrum of 
massless Dirac particles. The Fermi energy surface is at the intersection 
of the full valence band and the empty conduction band, and the mid-
dle of the p band containing valence electrons (Cao, Wang, Cao and 
Yuan, 2015:6590). These valence electrons are massless Dirac fermions at 
1/300th  the speed of light. It is the lowest resistivity material, even lower 
than copper or silver (Morozov et al, 2008:016602; Gorbachev et al, 
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2012:898). GO consists of single-layered carbon layers such as graphene, 
possessing sp3 and sp2 hybridized carbon atoms in its structure. GO, 
which has an irregular structure, has hydrophobic and hydrophilic zones. 
The usage areas of GO are expanding day by day with its easy solubility 
in solvents, dielectric properties, transparency, adjustable electronic prop-
erties, and superior mechanical properties.

Figure 6. Obtaining GO from Graphite

On the other hand, hydrophilic GO becomes an insulator in terms of 
electrical conductivity due to the breakdown of sp2 bonds and its oxy-
genated groups such as hydroxyl, epoxy, and carboxyl. Graphene can gain 
electrical, mechanical, and thermal properties by thermal annealing or 
chemical reducing agents. Although the surface area of GO is smaller 
than that of graphene, it exhibited high capacitance because of the oxy-
gen-containing functional groups on its surface.

4. Recent Developments

Titanium dioxide (TiO2), a semiconductor with a wide bandgap, is 
highly photoactive when exposed to UV light, is economical, non-toxic, 
and chemically stable; it has demonstrated high performance in solar 
cells, with these properties (Yu et al., 2016:2762; Timoumi, Alamri and 
Alamri, 2018:48; Pramanik et al., 2016:144502). TiO2 has been reported 
to be effective in reducing surface recombinations with carbon nano-
tubes, graphene, GO, reduced GO, fullerene, and metal nanoparticles, 
especially to improve sensitivity in photodetectors (Yang, Zhang and Xu, 
2013:1157; Leary and Westwood, 2011:767). Graphene, which draws 
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attention with its high conductivity and carrier mobility, is widely used in 
optoelectronic devices such as photodetectors, solar cells, and light-emit-
ting diodes. On the other hand, GO has played a significant role in 
developing solar cells with its high stability and carrier mobility as a pho-
tocatalyst (Wang, Chang, Yeh, Lee and Teng, 2014:20574). It is possible 
to convert GO to reduced GO (rGO) by removing the functional oxy-
gen groups in its structure via thermal or chemical reduction. Thin-film 
forms of rGO are synthesized cheaply; they are well-dispersed in organic 
solvents, are highly compatible with various organic and inorganic semi-
conductors, and exhibit remarkable properties in the photodetectors and 
gas sensors, and other fields (Suriani et al., 2018:10735). Recent stud-
ies show that p-type rGO is suitable for efficient charge transfer and 
high photoresponse to be used with inorganic semiconductor materi-
als (Bansode, Harpale, Khare, Walke, More, 2016:115023). The photo-
catalytic activity of TiO2/rGO has been reported to be at least several 
times higher than that of pure TiO2 (Konatham and Striolo, 2008:4633). 
The performances of solar cells, lithium-ion batteries, photocatalysts, 
and especially photodetectors are improved by using TiO2/rGO nano-
composites (Ding, Zhang, Chen,  Hu, Qiu and Zhao, 2015:32). For this 
purpose, AlShammari et al. produced and characterized metal-semicon-
ductor-metal (MSM) UV photodetector based on TiO2 and TiO2/rGO 
films (AlShammari, Halim, Yam and Kaus, 2020:103630). Photoelec-
tric and photodetection performances of TiO2/rGO structure grown on 
glass substrates by spray pyrolysis technique (SPT) were investigated and 
compared with pure TiO2.
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Figure 7. (a) Images of thin films with different rGO concentrations 
(TiO2, TiO2/rGO (1, 5, 7, and 10% wt)), (b) Energy level  
diagrams of Al/TiO2-rGO/Al photodetector in the dark,  

(c) Energy level diagrams of Al/TiO2-rGO/Al photodetector  
under UV light, (d) IV graph of MSM photodetector  
(AlShammari, Halim, Yam and Kaus, 2020:103630)

As seen in Figure 7a, the films contain different concentrations of rGO 
(1, 5, 7, and 10% wt). The energy bandgaps of thin films decreased from 
3.60 to 3.04 eV as the concentration increased. This result demonstrates 
the effect of rGO concentration on conductivity (Figure 7b,c). FESEM 
images revealed that the graphene nanolayers became more embedded in 
the TiO nanoparticle matrix as rGO concentration increased. Al/TiO2 
and Al/TiO2/rGO MSM photodetectors and I-V characteristics under 
375 nm UV light and 3 V bias (Figure 7d) showed that the produced 
photodetectors exhibit Schottky metal-semiconductor contacts. The 
optimum values of photosensitivity, current gain, sensitivity rise, and fall 
times for 10% wt. Al/TiO2/rGO were 3.064 (A/W), 11.27%, 1027.02%, 
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0.051 s, and 0.058 s, respectively. The results confirm the effect of GO 
concentration on TiO2/rGO UV photodetector performance and show 
that the structure is a promising candidate for photodetector applications.

Figure 8. (a) Operational schematic diagram of UV-visible SPPD 
based on TNRs/G/ZIS, (b) I–V curves of SPPD photodetectors in the 

dark and under UV light and visible (Wang et al, 2022).

Conventional photodetectors consume large amounts of energy. There-
fore, UV-visible self-powered photodetectors (SPPDs), which convert 
optical signals directly into electrical signals without energy problems, 
attract researchers’ interest. SPPDs have advantages such as high sensitiv-
ity, short feedback time, and high stability. They are divided into 3 accord-
ing to working principle and composition: p-n junction, Schottky junction, 
and photoelectrochemical (PEC) (Bai et al, 2017:804). PEC type SPPDs 
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have an inherent electric field, consume extremely low energy, require a 
simple manufacturing process, and have short feedback times; they work 
with light without an external voltage (Bianca et al, 2020:48600).

PEC type SPPDs, produced by simple methods with metal oxide 
semiconductor materials such as TiO2, SnO2, WO3, Fe2O3, ZnO, are cor-
rosion resistant. TiO2, standing out with its chemical stability, light corro-
sion resistance, and low production costs, absorbs only the UV portion of 
sunlight due to its wide bandgaps, which limits the applications of SPPDs 
(Hu et al, 2013:9580). For this reason, researchers have resorted to doping 
TiO2 with different elements to expand the absorption spectra of TiO2-
based SPPDs (An, Wang, Huang, Li, Wang and Yin, 2019:1170). Absorp-
tion spectra can be extended with heterojunction structures that combine 
TiO2 with narrow bandgap semiconductors (Liu et al, 2015:3526).

ZnIn2S4 (ZIS), a ternary chalcogenide semiconductor, exhibits supe-
rior photoelectrochemistry properties with energy band gaps between 2.2-
2.8 eV. Displaying a narrower energy range than TiO2 (3.2 eV), ZIS forms 
a good heterojunction with TiO2, helping to separate electron-hole pairs 
from each other and increase the absorption of visible light. Graphene, 
which has a high specific surface area and electron transportability, can 
be used as an electron mediator attached to semiconductor materials to 
reduce electron-hole pair recombination by promoting electron transfer 
(Liu et al, 2011:5315). For this reason, Wang et al. predicted that SPPDs 
based on TiO2 nanorods (TNRs), graphene, and ZIS would respond well 
to the UV visible light range. They reported high responses such as 13.79 
mA/W for UV and 0.39 mA/W for visible light with TNRs/G/ZIS/
electrolyte heterojunction arrays synthesized by the three-step synthe-
sis method (Wang et al, 2022). TNRs/G/ZIS-based UV-visible SPPDs 
showed high photocurrent densities of 20.25 µA/cm2 and 13.63 µA/cm2 
for UV (365 nm, 0.71 mW/cm2) and visible light (475 nm, 7.4 mW/cm2) 
(Figure 8b). Figure 8a describes the structure composition and working 
principle of TNRs/G/ZIS-based PEC-type UV-Visible SPPD. When 
the SPPD receives UV light, many electron-hole pairs in TNRs and ZIS 
are excited by light. Due to the difference in the bandgap, electrons gener-
ated in ZIS are easier to transport to TNRs with higher band values. Thus, 
TNRs offer an efficient way for electron transport, and the energy band 
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structure created by ZIS has significantly improved the response of TNRs 
to UV and visible light. In addition, the charge-gathering capabilities of 
the graphene interlayers ensured the separation of carriers and accelerated 
their transfer. Such triple heterojunction structures are a promising devel-
opment for UV-visible SPPDs.

Another research on PEC-type photodetectors belongs to Huang et 
al. (Huang, Zhang and Bai, 2019:349), ZnO is one of the wide bandgap 
semiconductors; it is an essential material for photodetectors with its simple 
preparation technique, good corrosion resistance, and low cost. Combining 
ZnO with a narrow bandgap semiconductor may effectively increase the 
visible light response. Therefore, CdS, a semiconductor with a bandgap of 
2.4 eV, can be combined with ZnO to form a band arrangement that facili-
tates the isolation of electron-hole pairs and widens the spectral absorption 
range. On the other hand, it is a known fact that graphene can be bonded to 
semiconductor nanomaterials via functional groups. Therefore, the hetero-
structure of graphene, CdS, and ZnO is expected to show excellent respon-
siveness under UV and visible light. From this point of view, researchers 
designed the ZnO nanowire arrays (NAs)/graphene/CdS/electrolyte het-
erostructure and used a three-step synthesis method for SPPDs.

Figure 9. (a) Energy band diagram of UV-visible ZnO NAs/G/ 
CdS-based SPPD. (b-d) Current density-voltage curves of SPPDs 

based on ZnO NAs, ZnO/G, and ZnO NAs/G/CdS in the dark and 
under UV light (Huang, Zhang and Bai, 2019:349).
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The current density-voltage curves in the dark, under UV, and visible light 
were examined in Figure 9 to analyze the photoelectric properties of the 
photodetector. In the dark, all curves show rectification properties similar 
to those of Schottky diodes; conductivity was observed to increase with 
the addition of graphene and CdS nanoparticles. Thus, it was found that 
PEC-type photodetector exhibited high sensitivity under UV and visible 
light; the photocurrent density under UV light was 26.17 mAcm-2.

It is suggested that heterojunction structures based on TiO2 nano-
tubes (NT) will perform better than photodetectors based on pure TiO2 
NTs (Khalid, Ahmed, Hong and Ahmaed, 2013:660). As it has been fre-
quently mentioned before, the proven performance of graphene in pho-
toelectricity and photothermoelectricity contributed to the development 
of optoelectronic and photonic devices. For this reason, using TiO2 and 
graphene together, which has become an attractive material class for the 
development of broad wavelength heterojunction-based photodetectors, 
will enable the transfer of electrons from TiO2 to graphene due to the dif-
ference in energy levels. Thus, the heterojunction formed at the interface 
will prevent charge recombination of electron-hole pairs. Among various 
methods used for producing TiO2 NTs, electrochemical synthesis (anod-
ization of Ti foil) is the most popular method for producing high-quality 
NTs. Noothongkaew et al. transferred TiO2 NTs produced by anodizing 
Ti foils onto transparent glass substrates and produced a UV photode-
tector based on TiO2 NTs on a transparent substrate coated with several 
layers of graphene (Noothongkaew, Thumthan and An, 2018:277).

Figure 10. Current-voltage (I-V) curves of (a) pure TiO2, (b) 
graphene/TiO2 NT devices under and in the absence of UV light 

(Noothongkaew, Thumthan and An, 2018:277).
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Figure 10 shows the results of the I-V characteristic of pure TiO2 and 
graphene/TiO2 NT devices under UV light at 365 nm and in the absence 
of UV light. The results show that the current is less at dark forward and 
reverse bias than the one under UV light. The produced UV photodetec-
tor devices were very sensitive to 365 nm UV light. The sensitivity and 
photocurrent gain of graphene/TiO2 NT devices were better than TiO2 
NTs.

On the other hand, ZnO, another wide-bandwidth (3.37 eV) semi-
conductor, attracts great attention in optoelectronic technology with its 
high chemical stability, activity, and low cost (Özgür et al, 2005:041301). 
It is particularly remarkable in UV-sensing with its large surface areas 
that have emerged by combining with other low-dimensional mate-
rials such as 1-D ZnO nanowires (ZNWs), 1-D NTs, 2-D materials, 
metal, semiconductor nanoparticles. The inclusion of these low-dimen-
sional carbon materials into ZNWs improves the separation efficiency 
of electron-hole pairs. On the other hand, there are disadvantages such 
as these structures’ production processes, limited connection area, and 
low photoelectric efficiency. Graphene and CNT are both promising 
candidates for improving the photosensitivity of ZNW photodetectors. 
However, the performances of ZNW-based photodetectors, in which 
these nanomaterials are used, have not been studied in detail. Chen et al. 
prepared two types of composites using ZNWs combined with graphene 
and single-wall CNT (SWCNT) (Chen, Zhang, Hu, San, Cheng, and 
Hofmann, 2019:642). They made a comprehensive analysis of carbo-
thermal ZNWs combined with rGO and SWCNTs, their  UV-visible 
photoresponse properties to improve UV-vis detection. The research-
ers presented a comprehensive analysis of the photoresponse properties 
under UV and visible light of carbothermal ZNWs combined with rGO 
and SWCNTs to improve UV-vis detection. The photoelectric proper-
ties of rGO/ZNWs and SWCNT/ZNWs composites were better than 
pure ZNWs. The physical mechanism for the photoelectric effects of 
rGO, SWCNT, and ZNWs was presented by interface face transfer due 
to chemical adsorption and photodesorption of oxygen. Photoforming 
electrons at rGO/ZNWs and SWCNT/ZNWs interfaces tend to be 
transferred from ZNWs’ conduction band to SWCNT and rGO. As a 
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larger contact area will occur in the rGO/ZNWs interface, it can collect 
and transfer carriers more effectively (Figure 11a).

Figure 11. (a) Energy-band diagrams of SWCNT/ZNWs and rGO/
ZNWs systems and carrier strategy at their interface (b) Surface 

chemical adsorption of oxygen molecules in bare ZnO (Chen, Zhang, 
Hu, San, Cheng, and Hofmann, 2019:642).

On the other hand, oxygen molecules in the air will capture the free 
electrons in ZnO and quickly adsorb them to the remaining surface of 
ZnO, which will cause the conductivity of ZnO to decrease, as seen in 
Figure 11b. With continuous UV radiation, photocurrent increases rap-
idly in ZNWs, leading to photocurrent degradation. The photosensitiv-
ity of the rGO/ZNWs-based photodetector is higher (∼16 AW-1) than 
the SWCNT/ZNWs-based one under low UV radiation (<10µWcm−2). 
On the other hand, SWCNT/ZNWs have a higher on/off current ratio 
(8.41 × 104) and a faster response time. Besides, the rGO/ZNWs-based 
device shows both maximum sensitivity and maximum photoelectric 
efficiency. Researchers reported that SWCNT/ZNWs prepared with 
0.1 wt% SWCNT are more advantageous for practical applications in 
imaging, photo-sensing, and optical communications, with both more 
cost-effectiveness and higher sensitivity.

InGaZnO (a-IGZO), which is one of the most common AOS, is an 
excellent gas detection material that detects low levels of gas molecules 
such as ozone (O3), H2, CO, NO, and NO2, with a wide bandgap suitable 
for UV light detection (Huang, Li, Hsiao, Gao and Chen, 2020:115019). 
Amorphous ZnSnO (ZTO) can be an excellent alternative to a-IGZO, 
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which is rarely used due to the scarcity and toxicity of gallium (Ga) and 
indium (In) elements. As they have similar ionic diameters, the structural 
compatibility of Sn and Zn is critical in producing high-quality films.

Figure 12. The device production process for a-ZTO/GNS dual-
function sensor (Huang, Yan and Lou, 2022:3530).

Thermal treatments applied to AOS (high-temperature annealing) 
increase the number of oxygen vacancies in the films, increasing the 
gas response (Wu, Jiang, Chang, Lin and Chen, 2015:355). The lack of 
studies investigating the material design of AOS that simultaneously 
improve the sensing properties of both photons and gas molecules makes 
the research interesting. Graphene nanolayers (GNS) can be used to 
increase carrier transport with metal oxides. Based on this, Huang et al. 
developed a model for detecting UV light and O3 to show that GNSs 
in a-ZTO improve photons’ and gas molecules’ sensing properties (Fig-
ure 12) (Huang, Yan and Lou, 2022:3530). The dual-functional sensor, 
consisting of hybrid amorphous a-ZTO/GNS composite films, showed 
a fast response with a sensitivity of 26.39 AW-1 at 350 nm, 0.71 s rise 
time, 0.95 s decay time. Also, under UV radiation of 10 mWcm-2, the 
dual-function sensor exhibited a gas response of 12.8 against a concen-
tration of 5 ppm ozone gas, indicating that the device acts as a sensitive 
gas sensor, not just a UV photodetector.

Graphene quantum dots (GQD), defined as parts of a single or sev-
eral layers of graphene at the nanoscale, have essential properties such 
as high biocompatibility, fast electron transfer rate, high strength, and 
large specific surface area. If the particle diameter of GQDs is less than 



ENGINEERING AND ARCHITECTURE SCIENCE82

100 nm, they have a narrow bandgap and respond well to UV and visible 
light with nuclear structures similar to conductive QDs. Wu et al. used 
RF magnetron sputtering and hydrothermal reaction methods to prepare 
a ZnO superstructure/GQD hybrid structure (Wu, Ding, Yang, Li, Shi 
and Zhou, 2020:17803). The structure exhibited high photocurrent and 
low dark current. The ZnO superstructure contains a ZnO nanoflower 
on top of a ZnO nanorod. The nanoflower supports the absorption of 
weak UV light, while nanorods, which have a large specific surface area, 
provide a pathway for the transport of carriers. GQDs can also help 
transfer carriers. The structure was obtained at 365 nm wavelength, with 
3V bias and under 50 µWcm-2 light (Figure 13). The results show that 
the device has a low dark current of 40 nA and a photocurrent of 2.1 µA.

Figure 13. (a) I–V characteristic of the sample, (b) Dark current of the 
sample, (c) The response of the sample at a bias voltage of 3 V and an 
irradiance of 50µWcm-2 at a wavelength of 365 nm (Wu, Ding, Yang, 

Li, Shi and Zhou, 2020:17803).

In recent years, sensitive materials such as GaN, Ga2O3, diamond, and 
SiC have been the subject of extensive research involving UV photo-
detectors (Xie et al, 2019: 1806006). Among these materials, SiC has 
promising properties for high-temperature and high-power light-oper-
ated devices. Wideband gap semiconductors (WBGS), which play an 
essential role in the formation of heterojunction structures, are one of 
the most common ways to improve the performance of photodetectors 
(Zhuo et al, 2019:185).

 Inspired by epitaxial graphene grown on SiC, a reliable and straight-
forward method for preparing graphene/WBGS junctions, the graphene/
SiC structure can be obtained by thermal decomposition of SiC at high 
temperature (Emtsev, Speck, Seyller, Ley and Riley, 2008:155303).
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 With this method, two materials can be combined to form a het-
erojunction. Li et al. produced metal-graphene-metal (MGM) UV 
photodetectors by establishing epitaxial graphene (EG)/SiC coupling 
on semiconductor 4H-SiC (Li et al, 2021:594). It was found that the 
geometric parameters of graphene, which determines the number of 
carriers, affect the performance. Figure 14a, b shows the band diagram 
of the EG/SiC connection under the light. Electrons transferred from 
SiC to graphene at the start of radiation due to the built-in electric field 
in the junction can be seen. Then, graphene is further doped by photo-
generated electrons under the light, causing the Fermi energy level to 
increase and the work function to decrease. By reducing the graphene 
channel from multilayer to monolayer, the sensitivity of the photode-
tector increases up to 189.7 mAV-1, and the external quantum efficiency 
increases up to 66.6%, making the response signal more stable (Figure 
14c). The results are important in showing the relationship between the 
performance of the EG/SiC UV photodetector and the number of car-
riers in graphene.

Figure 14. (a) Band diagram of EG/SiC link at the beginning of 
radiation, (b) Band diagram of EG/SiC link after radiation period, 

(c) Sensitivity and external quantum efficiency of SL-PDs with
graphene channels of different aspect ratio (AR) 

under radiation (Li et al, 2021:594).
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4H-SiC has also attracted the attention of Bencherif et al. with its 
superior performance in optoelectronic applications resulting from the 
wide bandgap, high thermal conductivity, and mechanical resistance 
(Bencherif et al, 2022:107683). Some techniques have been developed 
to increase the response of optoelectronic photosensing components and 
increase the devices’ absorbance, mainly for practical applications. Com-
monly used metals, such as Au, Ag, Al, and Pt, are preferred for the inter-
connected electrodes formalism, which is an essential method. Again, the 
superior properties of graphene made it an integral part of high-perfor-
mance photodetectors. Previous studies have shown that the absorption 
can be changed significantly on the nanoparticles added silicon surface, 
and better optical and electrical performance can be obtained (Liu et al, 
2008:1551). On the other hand, although different approaches mainly 
focus on nanoparticles, they are concerned with the effect of size on pho-
todetector values (Li et al, 2020:924). For this purpose, Bencherif et al. 
aimed to improve the sensing capacity of graphene/4H-SiC MSM pho-
todetectors with interconnected graphene electrodes (IGE) by using Au 
nanoparticles.

Figure 15. Graphen/Au-4H-SiC/Gr MSM photodetector 
(Bencherif et al, 2022:107683).

The schematic representation of the suggested Graphene/Au-4H-
SiC/Gr MSM photodetector is shown in Figure 15. It is aimed to 
improve the sensing capacity of the proposed design by using both 
IGE engineering and Au nanoparticles model through a multi-objec-
tive genetic algorithm (MOGA). The obtained results explained the 
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role of Au nanoparticles in improving the sensing ability of the SiC 
thin film layer by increasing the absorption of the material. At the 
same time, this performance also depends on the radius of nanopar-
ticles. The optimization has improved graphene electrodes’ and Au 
nanoparticles’ sensitivity and response times by approximately 47.9% 
and 65%. Its contribution is important in guiding the future develop-
ment of photodetectors.

Flexible devices generally perform worse than planar devices; 
therefore, the efforts to improve the interface of optoelectronic devices 
such as light-emitting diodes and photodetectors have increased. In a 
study by Liu et al., they designed a method for ZnO/graphene pho-
todetectors ( Ju et al, 2019:375701), but the study resulted in poor 
device performance. To overcome this, interfacial contact can be 
improved by adding perovskite nanolayers (NS) between ZnO and 
graphene layers. In addition, CsPbBr3, a p-type inorganic halide per-
ovskite with superior chemical, optical, and semiconductor properties, 
has limited applications in flexible multilayer devices. Liu et al. used 
the advantageous properties of Ag nanowires (NW) and graphene, 
namely high conductivity, stability, and high transmittance. They 
developed a strategy to integrate PVDF substrate-based CsPbBr3 NSs 
into ZnO NW/graphene flexible thin-film photodetectors (Liu et al, 
2020:110956). Figure 16a shows the schematic illustration of sequen-
tially coated Ag NWs, ZnO NWs, and CsPbBr3 NSs on the PVDF  
membrane.

The optical microscope image in Figure 16b shows that a uni-
form and dense packing of Ag/ZnO NWs and CsPbBr3 NSs can be 
achieved. Compared with the ZnO NWs/graphene structure, ZnO/
CsPbBr3 can facilitate the separation and transport of carriers. In 
addition, the ZnO networks in CsPbBr3 NSs provide a smooth inter-
face, enabling close contact with graphene. With the interface optimi-
zation, the carrier efficiency is approximately 103, and a high Ilight/Idark 
ratio is provided. In addition, this type of PVDF-based photodetec-
tors is an indispensable part of optoelectronic applications with their 
excellent flexibility.



ENGINEERING AND ARCHITECTURE SCIENCE86

Figure 16. (a) Production procedure of Ag NWs/ZnO NWs/CsPbBr3 
NSs, coated on PVDF membrane by pumped filtration method,  

(b) Top optical microscope view of thin films on
PVDF substrate (Liu et al, 2020:110956).

The current developments in nanoelectronics are mainly concerned 
with optical connections; they aim to develop photodetectors through 
nanoelectronic-photonic integration (Ferhati and Djeffal, 2017:32). The 
primary purpose here is to suggest new designs to reduce the output 
resistance by increasing the interface quality. Although some studies 
have reported that interconnected electrodes can reduce photodetector 
response time, this drastically deteriorates device sensitivity (Bencherif, 
Djeffal and Ferhati, 2016:308). Therefore, research is needed for improv-
ing both response time and sensitivity of Si-MSM-based devices. 
Graphene-based sensors have low sensitivity and high response times 
compared to gold contacts. Graphene interdigitated electrodes (GrIE) 
provide a fast response in UV photodetectors and provide new ways to 
reduce optical losses. For this reason, Ferhati et al. proposed a GrIE-
based p-Si-MSM UV photodetector and compared the performance of 
the proposed model withAu/p-Si (Ferhati and Djeffal, 2019:106166). 
Figure 17a shows the 3-D schematic illustration of the proposed GrIE/
p-Si-MSM-UV structure. Here, s and t represent the spacing and width
of the graphene fingers, L represents the receiving aperture of MSM-
UV-PD, and d is the active layer thickness of Si. Figure 17b shows the
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device sensitivity with Ion/Ioff variation as a function of fingers spacing. 
Accordingly, in the proposed design, the finger spacing variation does 
not affect the device performance; the photoresponse of the conventional 
device with Au electrodes can be significantly impaired with the reduc-
tion of the contact spacing. The results show that the optimized GrIE/
p-Si structure with low response time (3 µs) and high sensitivity (770
mAW-1) outperformed conventional Au/p-Si photodetectors. As fre-
quently mentioned before, ZnO nanomaterials with a wide bandgap can
be prepared easily and provide fast transitions for the transport of pho-
togenerated carriers. However, photodetector applications in dual-spec-
trum image detection with poor visible light absorption are limited (Hu
et al, 2013:9579).

Figure 17. (a) 3-D schematic illustration of the GrIE/p-Si-MSM-UV 
structure, (b) Device sensitivity with Ion/Ioff variation as a function of 

Fingers spacing (Ferhati and Djeffal, 2019:106166).

Copper oxide (CuO2) with a bandgap of 2 eV is particularly attractive 
for solar energy conversion applications (Dubale et al, 2016:2211). 
Wide-bandgap metal oxide semiconductors modified with CuO2 
can significantly expand the absorption spectrum (Fan, Yu, Lu, Bai, 
Zhang and Shi, 2016:11). Especially the ZnO/CuO2 heterojunction 
structure shows high performance in photodetection (Wang et al, 
2017:220).
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Figure 18. (a) Energy band profile and working principle of PEC-type 
photodetectors based on ZnO NAs/graphene/CuO2, (b-d) JV curves of 

photodetectors based on ZnO NAs, ZnO NAs/Cu2O, and ZnO NAs/G/
Cu2O in the dark and under UV and visible light (Bai et al, 2017:804).

These heterojunctions provide interface optimization and increase car-
rier recombination. In addition, the performance of existing structures 
can be further improved with graphene’s ability to bind with semicon-
ductor materials through its functional groups. For this purpose, Bai et 
al. synthesized ZnO nanowire arrays (NAs)/graphene/CuO2 compos-
ites for PEC type photodetectors by hydrothermal and electrochemical 
deposition methods. The structure exhibited a sensitivity of 21.2 mAW-1 
and 17.1 mA W-1 for UV and visible light, respectively. Figure 18a shows 
the energy band profile and working principle of PEC-type photodetec-
tors based on ZnO NAs/graphene/CuO2. UV light produces numerous 
photogenerated electron-hole pairs in ZnO NAs, CuO2 film, and ZnO/
CuO2 interface, separated by an electric field. Photogenerated electrons 
in the conduction band of CuO2 can easily pass to ZnO through the 
graphene interlayer and then be transferred to the Pt counter electrode 
via the external circuit. Figure 18b shows that ZnO NAs exhibit rectifi-
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cation by band bending at the solid/liquid interface of the dark current 
curve. However, pure ZnO NAs exhibited a negligible response to visible 
light. ZnO NA/CuO2 exhibits better electrical conductivity because it 
has a greater current density in the dark (Figure 18c). With the addition 
of the graphene interlayer, the charge carrying capability of the device 
increases, resulting in a greater dark current density, as seen in Figure 
18d. Here, CuO2 improves visible light-sensing ability, and the band 
alignment between ZnO and CuO2 ensures the separation of photoex-
cited carriers. The highly conductive graphene interlayers, on the other 
hand, contribute to the charge transfer process between ZnO and CuO2 
with their excellent charge collection capacities. These properties make 
ZnO NAs/graphene/CuO2 nanostructure a competitive candidate for 
PEC-type photodetectors.

5. Conclusions
This chapter presents a comprehensive review of the recent and remark-
able studies on the production of graphene and GO-based photodetec-
tors. Graphene and its derivatives have become essential in optoelectronic 
applications in recent years. Graphene is very promising for optoelec-
tronic devices with its high electron mobility, atomic layer thickness, and 
unique mechanical flexibility. Graphene’s outstanding electrical, mechan-
ical, and chemical properties increase the efficiency of photodetectors. In 
addition, the structure has many more unique properties, which requires 
further research on the subject. Studies show that heterostructured photo-
detectors attract more attention. When graphene/GO is combined with 
semiconductor metal oxides, the energy bandgaps are adjusted, and the 
desired high performance is obtained. Therefore, graphene/GO-based 
UV photodetectors have become one of the important research topics of 
optoelectronics. Apart from the literature, the effects of different mate-
rial groups on graphene are still unknown. In addition, the lack of studies 
on the flexibility of graphene that makes it usable in wearable electronics 
shows that research on the subject should be increased. Forming a hetero-
structure with clean interfaces for charge transfer between graphene and 
graphene-based photodetectors with different materials and explaining 
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and investigating the theoretical background of charge transfer dynamics 
and working mechanisms are important in developing heterostructured 
UV photodetectors and guiding future studies.
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1. Introduction
Sunflower (Helianthus annuus L.) is an annual plant that loves temperate 
climates. It is one of the four most important oilseed crops in the world, 
which can be grown even in regions with different climate types such as 
North America (Vilvert 2018). sunflower seeds; It consists of two parts, 
the shell and the inner part. Approximately 40% oil is obtained from these 
seeds. The oil obtained from sunflower seeds contains saturated fatty acids 
(palmitic, stearic), monounsaturated fatty acid (oleic), polyunsaturated 
fatty acid and mostly linoleic acid and traces of linolenic acid (Lacombe 
and Berville 2001). In order to use crude sunflower oil, a refining process is 
required. The purpose of chemical or physical refining required to obtain 
vegetable oils suitable for consumption is to remove unwanted substances 
from oil and to remove impurities with the least possible oil loss during 
these processes (Ferrari et al., 1996). Refining processes are divided into two 
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as physical and chemical, and generally, degumming consists of neutraliza-
tion, bleaching, winterization and deodorization processes. In addition to 
physical and chemical refining, nanorefining studies are also starting with 
advancing technology (Yemişçioğlu et.al., 2013). Nano-food technologies 
are gaining more and more importance in the world, and today, the food 
sector is the field where most of the nanotechnology researches are car-
ried out. Food and agriculture applications are in search of new methods 
and solutions with nanotechnology studies in the process from production 
to consumer, such as increasing the yield of cultivated products, protect-
ing them against plant pests, ensuring the best absorption of the fertilizer 
by the plant, increasing their quality during processing. In this direction, 
this research has two important aims; The first aim was to determine the 
changes in the physico-chemical characterization of sunflower oil during 
the refining stages, and the second purpose was to determine the nano-
sized impurities during the refining stages. In addition, it is aimed to pro-
vide information for nano refining in future research.

2. Material and methods
2.1. Materials

2.1.1 Supply of research material

Sunflower oil refining samples, which were subjected to chemical refin-
ing used in the research, were produced by a vegatable oil production 
factory in Turkey company, neutralization, bleaching, winterization and 
deodorization stages of the same crude oils. Samples; It was filled in 500 
ml glass jars, wrapped with aluminum foil, and stored in a cool, mois-
ture-free environment for the following analyzes.

2.2. Methods

2.2.1. Proximate analyses 

The sunflower oils in refining all stages, the analyses of free fatty acid-
ity, peroxide number, iodine number, color, saponification number, unsa-
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ponifiable matter number were carried out according to the methods 
of AOCS Ca-5a-40, Cd 8-53, Cd1-21, Cc 13c-50, Cd3-25, Ca6a-40, 
respectively (AOCS, 1990).

2.2.2. Fatty acids composition

In line with the method specified in AOCS, the fatty acid compositions 
of the sunflower oils in refining all stages were made by using Shımadzu 
GC-2025 brand gas chromatography. The fatty acid methyl esters pre-
pared by treating the fats by n-Heptane and potassium hydroxide were 
determined by gas chromatography (AOCS, 1990).

The column used is at the length of 60 m, at the diameter of 0.25 
mm and at the film thickness of 0.20 µm and is of RTX-2330 brand. The 
operating conditions of GC are given below.

Temperatures 
Column : 180°C
Injection : 200°C
Detector : 200°C
Flow rates
Carrying gas (N2) : 30 ml/min.
Combustible gas (H2) : 28 ml/min.
Dry air : 220 ml/min.
Injection amount : 1 µl

2.2.3. Mineral matter analysis

0.5 gram oil was put into the combustion container and 15 gml pure 
HNO3 was added onto it. It was burned in MARS 5 microwave oven 
at 200 oC. The solution was diluted to 100 g/ml with ultra-pure water 
and filtered through ashless filter paper (Macherey-Nagel MN 640w, 
black-tape, 110 mm diameter). The concentrations of the mineral mat-
ters were determined by reading the prepared samples in ICP-AES 
(Inductively Coupled Plasma Atomic Emission Spectrometer) device 
(Skujins, 1998).
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2.2.4. Sterol compositions

1.5-gram oil sample was weighed and cholesterol standard (0.1 %) dis-
solved in 2 ml chloroform was added. Then, chloroform was evaporated 
in rotating evaporator. 10 ml ethanol and 6 ml 6 M KOH were added 
and held in oil bath 90 °C for 1.5 hours for saponification.  The unsapon-
ifiable part was extracted with hexane. After evaporating hexane, 0.25 ml 
pyridine and 0.3 ml BSTFA were added and derivatized in the drying 
oven at 80 °C for 30 minutes. 1 ml GC vialine was taken from the deri-
vatized extract (Tanacı, 2013).

Device : GC-2010  
Detector : FID 
Column :  TRB-Sterol (30 m x 0.22 mm x 

0.22 um) 
Injection Block Temperature : 280 °C 
Injection Mode  : Split
Flow Control Mode : Pressure
Pressure : 180 kPa
Split Ratio : 50
Column Temperature Program : 280 °C 40 min. (Isothermal)
FID Temperature : 300°C

2.2.5. Imaging analyzes at nanoscale of impurities

For this analysis, sunflower oils obtained from every stage of refining, 
from crude sunflower oil to refined sunflower oil, were treated directly 
and with ethanol, passed through Wattman No: 22 diameter filter paper, 
and the impurities remaining on the surface of the filter paper were ana-
lyzed by LEO 1430VP secondary electron microscope (SEM) and ele-
ments analysis with EDX.

2.2.6. Statistical analysis 

The data obtained in the research were analyzed using the SPSS (Sta-
tistical Package for Social Sciences) for Windows 22.0 program. The 
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mean standard deviation was used as descriptive statistical methods in 
the evaluation of the data.

3. Results and Discussion
In Table 1, the physico-chemical characterization of oils obtained from 
each stage of refining, from crude sunflower oil to refined sunflower oil, 
is given. 

Table 1. As Refined Stages of Sunflower Oils 
Proximate Analysis Results

Refining 
Stages

Free 
fatty 

acidity 
(%)

Peroxide 
number 
(meqO2/

kg)

Refrac-
tive index 

(nD)

Saponifica-
tion number 
(mgKOH/g)

Unsa-
ponifiable 
matter (g/

kg)
Crude Oil 2.400

±0.300

3.57

±0.300
1.4758
±0.000

205.710
±0.030

0.020
±0.003

Neutrali-
zation

0.070
±0.002

1.38
±0.002

1.4760
±0.000

208.550
±0.040

0.010
±0.004

Bleac-
hing

0.060
±0.001

1.56
±0.001

1.4761
±0.000

206.740
±0.020

0.220
±0.030

Winteri-
zation

0.220
±0.004

0.85
±0.004

1.4763
±0.000

208.630
±0.030

0.140
±0.020

Deodor-
ization

0.050
±0.003

0.00
±0.00

1.4762
±0.000

204.740
±0.030

0.790
±0.030

±: Standard deviation

According to this, while the amount of free fatty acidity was found at 
the highest value (2.40) in crude sunflower oil, it gradually decreased 
during the refining stages and took the lowest value (0.05) in deodorized 
oil. Gomes et al. (2003) worked with two different sunflower oils and 
determined the free acidity value in crude oil, which is one of the refin-
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ing stages, 1.16%-2.13% in neutralized oil, 0.05-0.21% in bleaching oil, 
0.11-0.23% in deodorized oil, and 0.06-0.09% in deodorized oil.

While the peroxide number had the highest value (3.57 meq O2/kg) 
in crude sunflower oil, it was determined at a low rate after neutralization 
(1.38 meq O2/kg). However, the peroxide ratio, which increased again in 
the bleaching process (1.56 meq O2/kg), was determined to be the low-
est after the deodorization (0 meq O2/kg), which is the last part of the 
refining stage, and in the amount suitable for the use of oil as edible oil 
(Pestana et al. 2008). Kreps et al. (2014) determined the peroxide values 
of the oils in crude oil and physical refining stages in their study with 
rapeseed oil and sunflower oil. According to this; for sunflower oil with 
high oleic fatty acid content, this value is 3.12±0.20 meq O2/kg for crude 
oil, 1.18±0.06 meq O2/kg for degumming oil, 1.67±0.07 meq O2/kg for 
bleached oil, 1.25±0.06 meq O2/kg for winterized oil, and 0.32±0.04 meq 
O2/kg in deodorized oil.

Sunflower oil refractive index ratios did not vary in all refining stages 
from crude oil to deodorized oil (1.476 nD) and remained statistically 
constant. Refractive index values (at 25°C) are 1.472-1.474 nD for sun-
flower oil, 1.470-1.474 nD for corn oil, 1.470-1.474 nD for both rapeseed 
oil with low and high erucic acid, groundnut 1.462-1.460, 1.470-1.476 nD 
for soybean oil , 1.4636-1.4698 nD for cottonseed oil, and 1.457-1.459 nD 
for palm oil measured at 40°C. (Aluyor et.al., 2009). Unsaponifiable mat-
ter values of crude sunflower oil were 0.020 g/kg (±0.003) before refin-
ing, 0.010 g/kg (±0.004) after neutralization, 0.22 g/kg (±0.03) during 
bleaching, 1.40 during winterization g/kg (±0.02) and 0.79 g/kg (±0.03) 
at the deodorization stage. In addition, while the saponification number 
value of crude sunflower oil was 205.71 (±0.03) mg KOH/g before refin-
ing, it was 208.55 (±0.04) mgKOH/g in the neutralization step, 206.74 
(±0.02) mgKOH/g in the bleaching step, 208.63 (±0.03) mgKOH/ in 
the winterization phase. g and at the end of the deodorization stage, it 
was determined as 204.74 (±0.03) mgKOH/g. Saponification number 
of sunflower oil 188-194, Saponification number of corn oil 187-193 
mgKOH/g, High erucic acid of rapeseed oil 170-180 mgKOH/g, Low 
erucic acid 188-193 mgKOH/g, Soya oil Saponification number 185-
195 mgKOH/ g, Saponification number of cotton oil is given as 189-198 
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mgKOH/g, Saponification number of groundnut oil is given as 188-192 
mgKOH/g (Aluyor et.al., 2009). It was determined that the saponifi-
cation number separete ration of corn oil was close to the previous one. 
(Haşlak and Duman, 2021)

Table 2. As Refined Stages of Sunflower Oils Colors Results

Refining Stages Color 
Crude Oil (1II) 7.5R-70.0Y-0.0B-0.0D

Neutralization (5.25 II) 2.6R-70.0Y-0.0B-0.0D
Bleaching (5.25 II) 1.2R-14.0Y-0.0B-0.0D

Winterization (5.25 II) 1.5R-27.0Y-0.0B-0.0D
Deodorization (5.25 II) 1.0R-8.4Y-0.0B-0.0D

II:inç; R:red; Y: yellow; B:blue ; D:dark

Table 3. As Refined Stages of Sunflower Oils Fatty Acids 
Compositions Results

Fatty acids (%) Crude Oil Neutralize Bleaching Winterized Deodorize

Myristic acid 0.061±0.001 0.063±0.003 0.061±0.001 0.064±0.003 0.067±0.002

Palmitic acid 6.193±0.003 6.225±0.005 6.266±0.060 6.162±0.005 6.376±0.003

Stearic acid 3.486±0.002 3.467±0.001 3.372±0.003 3.272±0.020 3.081±0.012

Araşidic acid 0.243±0.002 0.242±0.001 0.237±0.002 0.229±0.002 0.222±0.002

Lignoseric acid 0.226±0.002 0.234±0.002 0.219±0.001 0.202±0.001 0.233±0.012

Heptadecanoic 
acid

0.028±0.001 0.028±0.002 0.029±0.002 0.027±0.002 0.027±0.002

Palmitoleic acid 0.035±0.001 0.034±0.001 0.033±0.003 0.031±0.001 0.027±0.002

Oleic acid 25.225±1.500 25.565±1.500 25.294±1.250 25.176±1.002 25.086±0.060

Nervonic acid 0.003±0.001 0.004±0.001 0.004±0.004 0.004±0.001 0.005±0.001

Linoleic acid 63.788±1.750 63.419±1.080 63.758±1.750 64.111±1.020 64.15±1.02

Linolenic acid 0.007±0.001 0.013±0.001 0.012±0.002 0.006±0.001 0.009±0.002

cis-11.14 Eico-
sadienoic acid

0.658±0.001 0.661±0.006 0.669±0.005 0.671±0.001 0.676±0.001

Arachidonic acid 0.046±0.020 0.045±0.002 0.045±0.030 0.045±0.020 0.042±0.002
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∑ Saturated 
Fatty acids

10.237±0.050 10.259±0.060 10.184±0.021 9.956±0.020 10.006±0.080

∑ Unsaturated 
fatty acids

89.762±0.090 89.741±0.075 89.815±0.060 90.044±0.120 89.995±0.085

±: Standard deviation

As can be seen in Table 2, while the color of sunflower oil is darker in 
crude oil depending on the refining stages, it is seen that the color of sun-
flower oil becomes lighter towards the last stage. Ertürk (1999), in  study 
with crude sunflower oil, determined 0.3 red, 2 yellow and 0.2 red colors 
after bleaching in the color determination of the oil before bleaching. 
Wiedermann (1981), in study with soybean oil, determined the red color 
values of 7-8, 2.0-2.5, 0.4-0.8 in the color determination (for neutraliza-
tion, bleaching, deodorization, respectively) in the chemical refining step.

As seen in Table 3, in the refining stage, myristic acid (crude oil 
0.06%, deodorized oil 0.07%), palmitic acid (crude oil 6.19%, deodorized 
oil 6.38%), linoleic acid (crude oil 63.79 %, deodorized oil 64.15%), eico-
sadienoic acid (crude oil 0.66%, deodorized oil 0.68%), lignoceric acid 
(crude oil 0.22%, deodorized oil 0.23%) values crude It is seen that it 
rises from oil to deodorized oil stage. In the refining stage, heptadecanoic 
acid (crude oil 0.03%, deodorized oil 0.03%), palmitoleic acid (crude oil 
0.04%, deodorized oil 0.03%), stearic acid (crude oil 3.49%, deodorized 
oil 3.08%), oleic acid (crude oil 25.23%, deodorized oil 25.09%), arachidic 
acid (crude oil 0.24%, deodorized oil 0.22%), arachidonic acid (crude oil 
0.05 %, deodorized oil 0.04) decreased from crude oil to deodorized oil 
stage. In addition, the total saturated fatty acidity value was determined 
as 10.24% in crude oil, which is the first stage of refining. It is seen 
that the value increased to 10.26% in neutralized oil and decreased to 
10.01% in deodorized oil, which is the last stage of refining. Total mono-
unsaturated fatty acidity values (%) reached the highest value of 25.60 in 
the neutralization stage, while the lowest value was 25.12 in deodorized 
oil. However, it decreased during the refining stages. In his study with 
canola oil, Güler (2009) determined the amount of Σ saturated fatty acids 
in cold pressed oil to be 7.585 on average (as %), while the amount of 
unsaturated fatty acids was found to be 7.685% in refined oil on average, 
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and 92.415% in cold pressed oil, on average 92.315% in refined oil. Σ 
The amount of monounsaturated fatty acids was found to be 64.625% 
on average in cold pressed canola oil and 64.815% on average in refined 
canola oil, Σ The amount of polyunsaturated fatty acids was determined 
as 27.790% in cold pressed oil and 27.500% in refined oil. In a study con-
ducted with hazelnut oil, the amount of saturated fatty acids (%) in the 
fatty acid composition of crude hazelnut oil and refined hazelnut oil was 
8.36% in crude oil and 8.38% in refined oil, while the amount of mono-
unsaturated fat in crude hazelnut oil was 77.53 refined hazelnuts. oil, on 
the other hand, a value of 71.2 was obtained. In terms of polyunsaturated 
fatty acids, the values obtained in the examinations made in crude and 
refined hazelnut oil are 14.11% and 20.42%, respectively. (Kesen et.al., 
2016; Özcan et.al., 2021).

Table 4. As Refined Stages of Sunflower Oils 
Sterol Compositions Results

Sterol analysis (%) Crude Oil Neutralize Bleaching Winterized Deodorize

Cholesterol nd nd nd nd nd

Brassicasterol nd nd nd nd nd

Campasterol 8.413±0.750 9.235±0.080 9.019±0.080 9.048±0.060 8.818±0.075

Stigmasterol 10.493±1.250 12.066±0.750 11.909±0.090 12.641±0.060 12.445±0.058

Δ5,23-
Stigmastadienol

0.821±0.090 1.278±0.005 0.807±0.002 0.759±0.005 0.767±0.002

Clerostenol 0.879±0.060 1.04±0.02 0.965±0.005 0.945±0.003 0.969±0.001

β -sitosterol 62.053±2.025 63.214±1.25 66.276±1.02 72.733±0.70 72.41±0.60

Δ5-Avenasterol 4.811±0.070 6.289±0.005 4.055±0.002 nd nd

Δ5,24-
Stigmastadienol

0.766±0.009 0.76±0.02 0.496±0.001 nd nd

Δ7-Stigmasterol 11.059±0.006 4.875±0.050 5.786±0.750 3.876±0.003 4.248±0.012

Δ7-Avenasterol 0.707±0.005 1.244±0.010 0.690±0.002 nd 0.344±0.003

nd: not detected; ±: Standard deviation

As seen in Table 4, when the sterol composition of sunflower oil is exam-
ined; cholesterol and brassicasterol could not be detected at any stage of the 
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refiningThe lowest value of campasterol detected at each stage of refining 
was in crude sunflower oil (8.41%), while its highest value was in neutral-
ized sunflower oil (9.23%). The lowest value of stigmasterol (10.49%) was 
determined in crude oil. The refining stage with the highest value (12.64%) 
is the winterization stage and it was found at each stage. ∆5,23-Stigmasta-
dienol was detected at each step of refining, with the highest value (1.28%) 
in neutralized oil. It decreased gradually after the neutralization stage, but 
the lowest value (0.76%) was determined during the winterization stage. 
The lowest value (0.88%) of this type of sterol, which is present at every 
stage of the clerostenol refining and has very close values, was determined 
in crude oil and the highest value (1.04%) in neutralized oil. β-Sitosterol 
was detected at all stages of refining and at increasing values. ∆5-Avenas-
terol was detected only in the first three steps of refining, with the lowest 
value (4.06%) in the bleaching step and the highest value (6.29%) in neu-
tralization. ∆5,24-Stigmastadienol was diluted in decreasing values starting 
from the crude oil stage and could not be detected in the last three stages 
of refining. ∆7-Stigmasterol was detected at every stage of refining and 
had a very high (11.06%) value in the crude oil stage, while it was detected 
at approximately half its value in other stages and had the lowest value 
(3.88%) in the winterization stage. ∆7-Avenasterol was detected in four 
of the refining steps and was not detected in winterized oil. It decreased 
compared to the initial value and the lowest value (0.34%) was detected in 
deodorized oil. In other studies, it has been stated that there are changes 
in the sterol composition of canola and hazelnut oils depending on the 
refining stages (Duman and Özcan, 2020).

Table 5. As Refined Stages of Sunflower 
Oils Mineral Matter Results (ppm)

Mineral 
Matter 
(ppm)

Crude Oil Neutralization Bleaching Winterization Deodorization 

Li 0.02±0.01 0.07±0.02 0.46±0.02 0 0.005±0.002

Na 271.61±1.25 174.85±1.10 0 0 0

Mg 1.63±0.30 0.88±0.40 0.14±0.02 6.39±0.90 3.52±0.90

Al 4.46±0.20 2.29±0.60 0 0 0
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Si 29.53±1.00 26.58±1.02 23.37±1.01 22.154±1.26 24.53±1.03

P 967.39±1.56 756.68±1.75 157.66±2.25 162.92±2.30 217.69±2.25

K 1.55±0.02 0 0 0 0

Ca 2.73±0.01 0.87±0.05 0 1.74±0.05 0

V 0.002±0.001 0 0.001±0.001 0.004±0.002 0

Cr 0.16±0.02 0.09±0.04 0 0.30±0.03 0

Mn 0.10±0.01 0.01±0.01 0.01±0.01 0.90±0.03 0.04±0.01

Fe 25.65±0.45 0 0 97.26±0.80 0

Co 0.007±0.002 0.001±0.001 0 0.006±0.002 0

Ni 0.17±0.02 0.44±0.02 0 0.12±0.01 0

Cu 0.01±0.01 0.09±0.03 0.13±0.01 0.26±0.02 0.25±0.02

Ga 0.0006±0.0002 0.001±0.001 0.001±0.001 0.002±0.001 0.0009±0.0002

As 0.006±0.001 0 0.004±0.002 0.015±0.002 0.006±0.002

Se 0 0 0.006±0.003 0.002±0.001 0.002±0.001

Ru 0.005±001 0.002±0.001 0 0 0

Pd 0.005±0.002 0.002±0.001 0 0 0

Ag 0.003±0.001 0.001±0.001 0.004±0.002 0.0009±0.0002 0.002±0.001

Cd 0 0 0.01±0.01 0.04±0.01 0.05±0.02

In 0.15±0.01 0.10±0.02 0 0 0

Sn 46.97±0.30 36.74±0.60 0 0 0

Sb 0.006±0.002 0.006±0.002 0 0 0.001±0.001

Ba 0.04±0.01 0.01±0.01 0 0.03±0.01 0.03±0.01

Pt 0.00001±0.00001 0 0 0 0

Pb 0.04±0.01 0.008±0.001 0 0 0

±: Standard deviation

As can be seen in Table 5, the P amount of crude sunflower oil was 
determined well above the amount of P in crude soybean and canola 
oil. The Fe content of the crude oil sample in our study is higher than 
the Fe content of canola crude oil. The amount of Cu was determined 
in low amount. It was observed that the P, Fe and Na amounts of our 
crude sunflower oil samples were higher than those found in rice bran 
crude oil, while the Ca, K and Mg amounts were lower than the rice bran 
crude oil rates. Increases and decreases in the amount of certain mineral 
substances during the refining showed that it could also be caused by the 
degree of corrosion of the equipment used. Mounts et al. (1979) detected 
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600ppm phosphorus in crude soybean oil in their study with soybean 
oil. Ostri et al. (1980) reported the amounts of iron and copper in ppm 
in continuous refining stages in their study with sunflower oil, between 
0.75-0.062 ppm in post-neutralization oils, between 0.63-0.0055 ppm in 
bleaching, and 0.70-0050 ppm in deodorized oil, respectively.

During the refining of sunflower oil, SEM analysis and EDX ele-
mental chemical detector were used to determine the nano-sized impu-
rities at each stage. SEM images of the control filter and each refining 
step are given in Figures 1-6.

Figure 1. Control filter, topographic 500 times magnified 
topographic view in SEM

Figure 2. Crude sunflower oil, 500 times magnified 
topographic view in SEM.
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Figure 3. Neutralized sunflower oil, 1500 times magnified 
topographic view in SEM oil

Figure 4. Bleached sunflower oil, 2500 times magnified 
topographic view of in SEM

Figure 5. Winterized sunflower oil, 500 times magnified 
topographic view in SEM
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Figure 6. Deodorized sunflower oil, 1000 times magnified  
topographic view of in SEM

As seen in the SEM images, it was determined that no nano-sized impu-
rities were detected in the deodorization stage, which is the last stage of 
refining. In addition, the elemental analysis of the impurities seen in the 
Sem images were given in Table 6.

Table 6. As Refined Stages of Sunflower in  
EDX analysis detected elements (%)

Refining 
Stages

Crude 
oil Neutralization Bleaching Winterization Deodoriza-

tion

C 53.80 57.13 54.72 72.37 66.85
O2 44.38 42.86 45.28 27.63 33.01
Na 1.01 nd nd nd nd
Silicon 0.33 nd nd nd 0.15
P 1.28 nd nd nd nd
Ca 0.27 nd nd nd 0.27

* nd: not determined

Accordingly, while C and O elements were detected at every stage of 
refining, Na and P elements were determined only in crude oil sample, 
while Silicon and Ca elements were detected in crude oil and deodor-
ized sunflower oil impurities. Although there is no visible impurity in 
the deodorization stage in the SEM images, the removal of silicon and 
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calcium in the elemental analysis shows that it may be caused by the 
contamination of the refining process from machinery and equipment. 
Since there is no comparable source for the SEM analysis and elemental 
results obtained as a result of our study, the data obtained are the first 
data in the literature.

4. Conclusions
As a result; It was determined that the physico-chemical properties of 
sunflower oil (except for the refractive index) changed in neutraliza-
tion, bleaching, winterization and deodorization stages until refined oil 
production. On the other hand, it has been determined that nano-sized 
impurities can occur at every stage during refining. The results obtained 
show that SEM and EDX analyzes can be used to detect the corrosion of 
machinery and equipment used at every stage, especially in vegetable oil 
technology. In addition, certain issues related to sunflower oil have been 
investigated in line with the literature reviews, but it is understood that 
there are few studies related to this research that we have done for the 
detection of nano-sized impurities. For this reason, examining the phys-
icochemical properties of sunflower oil by detecting the changes in the 
refining stage and its nano-sized impurities is also important in terms 
of future nano-refining in the field of vegetable oil technology, and it is 
recommended to carry out these studies on other oils at nanoscale.
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1. Introduction
The area where the production of all kinds of military vehicles, equip-
ment, machinery, weapons, equipment and materials needed in manu-
facturing is known as the defense industry (Tang, 2006). In this industry 
which has such a wide range, the features sought in materials stand out 
as product variety and functionality.

The countries have to keep strong the defense industry to ensure 
security. The United States is one of the world’s countries with a devel-
oped defense industry. Turkey is a candidate for a significant role due 
to its forward-thinking investments and developments in the defense 
industry (Saraçöz, 2018). The defense industry is one of our coun-
try’s most important strategic sectors. The development of this sector 
depends on the continuity of domestic defense projects (Performance 
Report, 2020).



ENGINEERING AND ARCHITECTURE SCIENCE120

The COVID-19 pandemic, which began in late 2019, has also had 
an impact on the defense and aerospace industries. The effects of the 
pandemic on Turkey’s defense and aerospace industries have been stud-
ied. The effects of the current pandemic period on the defense and avi-
ation industries were evaluated by Projects, Supply, Finance, Logistics, 
Labor (health-working environment, etc.) and Legal Legislation (incen-
tive, exemption, force majeure, customs duties, etc.) in a study performed 
by analyzing the ideas and feedbacks of SASAD (Defense and Avia-
tion Industry Manufacturers Association) (Performance Report, 2020). 
According to this report, the pandemic process has created a risk for the 
defense and aviation industries in these areas.

A facility within the scope of a hazardous workplace where equip-
ment production supporting the Turkish defense industry is made has 
been investigated in this study. The studies were carried out inside the 
scope of the present Covid-19 process in the examined facility in order 
to minimize or completely eliminate biological risks. The Fine-Kinney 
method was used in the risk analysis study.

2. Historical process of Turkish Defense Industry
The current defense and aviation power of the state should always be suf-
ficient. In any attack, it is important to have an industry that meets all the 
strategic requirements and keeps up with the technological development. 
For this reason, it is imperative to go head-to-head with other indus-
trial sectors. The Turkish defense industry has its roots in the increase 
of the Ottoman Empire. It is possible to argue that the cannons poured 
in Istanbul, particularly during land wars with large sieges, constituted 
the most developed fighting capabilities of the time. Our weapon tech-
nology, which had a strong position in land wars until the 17th century, 
has remained outside of European technological advances since the 18th 
century. Industrialization was adopted as a state policy in the early years 
of the Republic, and the defense industry was accepted as a component of 
total industrialization and development. The constraints that Turkey was 
exposed to as a result of the Cyprus crisis have reaffirmed the importance 
and urgency of a national defense industry. This period can be viewed as 
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a duration where the state made efforts to establish a national defense 
industry (Şahbaz, 2007).

A development is not possible for the defense industry of the country 
which has an underdeveloped industry. The economic importance of the 
defense industry is an inevitable fact (Gülsoy, 2020).

Industrialization was implemented as a state policy in the beginning 
of the Republic. It is expected that the defense industry will grow along-
side other industrial sectors (Gümüşdaş, 2010).

3.  Law No. 6331 on Occupational  
Health and Safety

The Occupational Health & Safety Law No. 6331 went into effect 
on June 30, 2012, after becoming reported in the Official Gazette No. 
28339. Previously, regulations on the concept of Occupational Health & 
Safety were included in the 5th part of the Work Law No. 4857 in items 
77-89, the Social Security and General Medical Insurance Law No. 
5510, and the appropriate parts of the Law of Obligations No. 818, as 
well as secondary legislation derived from these laws. Prior to this, Law 
No. 6331 went into effect due to deficiencies in some regulations that 
protect employees in a way of occupational health and safety inside the 
scope of Labor Law No. 4857. Occupational Health & Safety Law No. 
6331, which was accepted by the Parliament and entered into force on 
03.04.2012, is the first and only impartial law made in order to address 
the principle of “protection of health and safety” of all workers, with cer-
tain exceptions (Eravcı, 2019).

3.1. Benefits of Law No. 6331

Occupational Health & Safety Law No. 6331 had been planned in 
accordance with national and international legislation. Accordingly, the 
general obligations of the employer are mentioned in item 4. Employer;

a) It works for the prevention of occupational risks, taking all kinds 
of precautions including training and information, organizing the orga-
nization, providing the necessary tools and equipment, adapting health 
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and safety measures to changing conditions and improving the current 
situation.

b) It monitors and inspects the workplace to ensure that occupational
health and safety measures are followed and that nonconformities are 
eliminated.

c) It makes a risk assessment or has someone else do it.
d) When assigning a task to the employee, it considers the employee’s

suitability for the job in relation to health & safety.
e) It takes necessary measures to prevent from entering life-threat-

ening places employees other than those who have been given sufficient 
information and instructions.

Within the scope of this law, the employer is required to provide a 
healthy and safe working environment for its employees. If it is not an 
Occupational Safety Specialist and there is no employee with a specialist 
certificate in the workplace, it can purchase outsourcing services. In all 
cases, the employer is responsible for this law and its consequences.

In addition, the employer does not charge employees for Occupa-
tional Health and Safety services (Eravcı, 2019).

3.2. Risk assessment

The concept of risk assessment was implemented during the first period 
in Turkey with the Labor Law No. 4857 and the requirements imposed 
in response to it. Although the proactive approach of the European 
Union in the field of Occupational Health and Safety was transferred 
to the law numbered 4857, it was not successful. This shortcoming in 
the workplace has been brought about in accordance with the Occupa-
tional Health & Safety Law No. 6331 and the applicable requirements, 
the 89/391/EEC Framework Directive and the contract items of the 
ILO No. 161 on Health Services. In the 3rd element of the Occupa-
tional Health & Safety Law No. 6331, the definition of risk assessment 
has been made. According to this item, it is defined as “the work that 
needs to be done in order to identify the dangers that exist in the work-
place or that may come from outside, the reasons that influence these 
dangers to become risks, as well as the analysis and rating of the risks 
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posed by the hazards, and the selection of control measures” (Eravcı, 
2019).

There are things that the employer is obliged to do to ensure that its 
employees work in an environment that is both healthy and safe., regard-
less of the hazard class. These are briefly;

a) Avoiding risks,
b) Analyzing the risks that are unavoidable,
c) To combat with risks at their source,
d) Paying attention to workplace design and the selection of work

equipment, work habits, and manufacturing processes in making the 
work appropriate for people, to avoid any negative effects of uniform 
working and production tempo on health and safety, and to reduce them 
if they cannot be avoided,

e) To adapt to technical developments,
f ) Replacing the dangerous with the non-hazardous or less dangerous,
g) Creating a unified and comprehensive prevention strategy that

addresses the effects of factors such as technology, organization of work, 
conditions of employment, social connections, and the workplace culture.

h) Giving priority to collective protection measures over personal
protection measures,

i) Giving appropriate instructions to employees, must carry out pro-
tective/preventive activities in accordance with such principles (Eravcı, 
2019).

3.2.1. Definitions used in the risk assessment study

Hazard: It refers to the potential for harm or damage that exists in the 
workplace or may come from outside, which may affect the employee or 
the workplace.

Risk: The probability of loss, injury, or other harmful outcome result-
ing from the hazard (combination of probability and severity).

Accident: It is an event that occurs upon contact with danger and 
causes physical and mental malfunctions to employees or those directly 
or indirectly related to the enterprise.
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Near miss incident: The occurring in the workplace, it refers to an 
event that does not cause harm although it has the potential to damage 
the employee, workplace or work equipment.

Incident: The work-related events with the potential to cause injury, 
deterioration of health or death. “Non-Damage Incident - Near Miss” 
refers to activities that happen without causing damage, worsening of 
wellness or dying.

Risk assessment: It refers to the analyses that must be conducted in 
order to determine the hazards that exist in the workplace or that may 
come from outside, the factors that lead these dangers to become risks, 
and the analysis and grading of the risks resulting from the dangers, as 
well as the decision on control measures (Occupational Health &Safety 
Regulation, 2012).

Acceptable risk: It is the level of risk that will not cause loss or injury, 
in accordance with legal obligations and the workplace’s prevention policy.

Prevention: It encompasses all actions involved or affected to remove 
or minimize occupational health & safety risks at all stages of work per-
formed in the workplace.

Risk Management: It is all of the initiatives carried out to provide, 
enhance and sustain the health and safety conditions of an organization 
(Serin & Çuhadar, 2015, p.44-59).

3.2.2. Risk assessment team and those responsible

The risk evaluation is performed by an employer-formed team. The team 
performing the risk assessment consists, as a minimum, of the following:

• Employer or employer’s representative,
•  Occupational safety experts and occupational doctors who pro-

vide workplace health and safety services,
• Employee representatives at work,
• Support staff in the workplace.

The employer meets all the necessary needs such as tools, equipment, 
space and time for the persons assigned in risk assessment studies to ful-
fill their duties. They cannot restrict their rights and powers due to the 
execution of their duties.
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• Employees who are decided to show all parts in the workplace and 
are knowledgeable about the work performed in the workplace, as well as 
current or potential sources of danger and risk. 

Employer/Employer’s Attorney: It conducts an occupational 
health and safety risk assessment with the goal of ensuring, maintaining, 
and improving the health and safety of the working environment and 
employees.

Occupational Safety Specialist: Engineers, architects or technical 
personnel who have been approved by the Ministry to work in the area 
of occupational health and safety and have occupational safety expertise 
and who participate in risk analysis studies.

Occupational Physician: They have a workplace doctor certificate 
and are approved by the Ministry to work in the area of occupational 
health and safety. They also take part in risk analysis studies.

Employee representative: An employee elected unanimously or 
by appointment among the employees authorized to participate in the 
work in relation to occupational health & safety, to monitor the work, 
to request measures, to make proposals and to represent the employees. 
These people participate in risk analysis studies.

All Managers: Ensures that the control measures proposed result-
ing from the risk evaluation are implemented according to the activity 
plan and provides for the purchase of new products, projects, processes, 
machinery, etc. In cases and when it deems necessary, the employer 
requests the risk assessment process to be carried out or repeated.

Support staff: It refers to the person who, additionally his primary 
duty, has been specially assigned in the fields of prevention, defense, 
evacuation, fire fighting, first help, and related issues related to occupa-
tional health and safety. It participates in risk analysis studies (Serin & 
Çuhadar, 2015, pp. 44-59).

3.2.2.1. Fine-Kinney risk analysis method

The Fine-Kinney risk analysis method is a frequently used risk 
method. This method shows that each part of the workplace should be 
given importance when classifying risks. Three parameters are used in 
this risk assessment method. These three parameters are multiplied to 
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obtain the risk level, and the risks are graded. Corrective and preven-
tive actions are recommended according to the degree of risk (Özkılıç, 
2005). Risk scores are calculated by scoring and multiplying the prob-
ability of harm or damage, the frequency of exposure to the danger, 
and the impact it will create even if the danger occurs. Table 1 shows 
the values that should be assigned to these variables. The risk score 
is calculated using the values in Table 2 and the results calculated are 
the results of the risk evaluation based on the risk values in Table 3. 
Table 4 contains the data in which the numerical value of the risk is 
interpreted. 

Table 1. Fine Kinney Method Intensity Values (Şimşek, 2020).

Intensity Value Meaning
1 To be considered (insignificant, 

harmless or mild)
3 Important (minor damage, low 

loss of business, first aid may be 
required)

7 Serious (Lack of work, external 
treatment, significant damage)

15 Very serious (environmental 
impact, loss of limb, disability)

40 Very bad (severe environmental 
impact, total disability, death)

100 Disaster (Significant environ-
mental disaster, multiple deaths)

Risk value= İ x F x D 
İ: Possibility (0.2-10)
F: Frequency (0.5-10) 
D: Severity 
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Table 2. Fine Kinney Method Frequency Values (Yalçın et al., 2018).

Intensity Value Meaning
0,5 Very uncommon (less than once 

a year)
1 Extremely uncommon (once or 

a few times a year)
2 Unusual (once or several times 

a month)
3 Infrequently (once or several 

times a week)
6 Regularly (once or several times 

a day)
10 Continuous (continuous or 

multiple times per hour)

Table 3. Fine Kinney Method Probability Values (Yalçın et al., 2018).

Probability Value Meaning
0,2 Practically meaningless
0,5 Weak probability
1 Pretty low probability
3 Rare but can happen
6 Strongly probable
10 Very strong probability
0,2 Practically meaningless
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Table 4. Fine Kinney Method Risk  
Assessment Result (Yalçın et al., 2018).

Risk Value Meaning Meaning

R<20 Acceptable risk (may not require 
immediate action)

20<R<70 Definite risk (must be included in 
action plan)

70<R<200 Significant risk (should be included 
and noted in the plan of action for 
the year)

200<R<400 High danger (It should be part of the 
short-term plan of action)

R>400 Extremely high (precautions should 
be taken by interrupting work imme-
diately)

3.2.2.2.  The Covid-19 pandemic and its consequences for the 
defense industry

Covid-19 (coronavirus pandemic), which has distributed rapidly 
throughout the world, first appeared in Wuhan, China. Although the 
reason is not known exactly, it has affected all life in China. Later it was 
seen in Thailand, South Korea, Iran and all over Europe. In Turkey, it 
emerged as of March 2020 and has caused problems in the health sector 
around the world, as well as in our own country.

The high number of cases and deaths, which emerged rapidly as a 
result of the spread speed and power of the COVID-19 virus (the ability 
to live for an extended period of time without being attached to a living 
organism), first caused partial limitations in economic and social life; 
Then came the limitations that have never been seen in human history. 
At this stage of the epidemic, all workplaces with the risk of not main-
taining physical contact and social distance between people had to pause 
or stop their activities (Balcı et al., 2020).



IN THE DEFENSE INDUSTRY, COVID-19 129

The Covid-19 pandemic has had a negative impact on both the 
global and Turkish economies. In this process, it is seen that restrictions 
on tourism, food, entertainment and education sectors have emerged. 
The impact on exports of the Covid-19 process in Turkey was not seen at 
first and it was felt quite a lot in the later period. In our country, exports 
fell in July and August of the third period comparison to the prior year, 
but they began to rise in the fourth period. In our country, exports were 
18 billion dollars in April 2021 and 16 billion dollars in May (İzgi, 2021).

The primary sectors affected by the Covid-19 process in the world 
are agriculture, petroleum products, the secondary sectors are the pro-
duction industry and the tertiary sectors are education, finance, hotel 
management, health, medicine, food, aviation, real estate, housing, sports 
industry, information technology, media and research and development 
(Nicola et al., 2020:185-190).

Approximately 30% of upper respiratory tract infections experienced 
by people are caused by coronavirus (Budak & Korkmaz, 2020, p. 65). 
The coronavirus is known to be transferred from animals to humans and 
via contact. Human-to-human transmission occurs through coughing, 
sneezing, and close contact while speaking. In addition, the transmis-
sion accelerates by touching the surfaces that the sick person comes into 
contact or by shaking hands, hugging and touching the mouth, nose and 
eyes of the hands. The complaints seen in people who have caught the 
coronavirus are given below.  

• Fever
• Tremble
• Cough, sore throat
• Respiratory failure, shortness of breath
• Muscle pain
• Diarrhea
• Nausea, vomiting (Görür, 2021). 

It is clear from the review of literature that the pandemic did not have a 
devastating effect in the defense and aviation sector, on the contrary, it 
gained momentum after May (İzgi, 2021).
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In this study, a company that produces machinery and equipment 
for the defense and aerospace industry, which is considered a dangerous 
workplace according to the Nace code, is discussed. During the Covid-19 
pandemic process, a study was conducted for this company to minimize 
or remove biological risk factors in the workplace with the Fine-Kinney 
risk assessment method.

In the risk assessment, first of all, the hazard that creates a risk is 
determined, and the risks that these hazards will cause are created. In 
the risk analysis study, it is determined which of the current risks will be 
given priority. Control measures are taken in order of risk priority.

Fine Kinney risk analysis method was used in this study. The method 
was first used in 1971 and it is a method widely used in Europe in the 
field of Occupational Health and Safety. It has been used in Turkey as of 
2012, with the law no. 6331. This method is frequently used especially in 
cement, construction and heavy industry (Birgören, 2017).

3.3 Literature Review
As a result of the literature research, it is seen that the Fine-Kinney 

method is used in studies because it is more preferred among other risk 
analysis methods. It is known that studies show a more careful approach 
in the determination of possible risk due to the separate evaluation of 
probability, severity and frequency parameters.

(Yiğit, 2015) determined that a wide-scale evaluation can be made in 
the risk study he conducted using the Fine-Kinney method.

(Erzurumluoğlu et al., 2015), on the other hand, conducted a risk 
analysis study using the Fine-Kinney method in the construction sec-
tor, which is classified as a dangerous workplace, and minimized the 
risks.

(Okumuş et al., 2016) examined the occupational accidents in the 
shipbuilding industry and compared the risk analysis with two methods. 
These risk methods are the 5x5 Matrix and Fine-Kinney method, and 
they emphasized that the Fine-Kinney method creates a sensitive and 
deeper examination in the study.

Based on these studies, it was seen that the Fine-Kinney method 
would be effective in in-depth risk determination and was preferred in 
this study.
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4. Conclusion
In the company where the risk analysis was made, the workplace was 
evaluated in sections and the situations that would pose a risk were deter-
mined by photographing. Existing risks and hazards within the legal 
framework were determined by responsible persons who would conduct 
risk analysis, and efforts were made to eliminate these hazards.

The measures to be taken are handled according to the size of the 
existing risk values. Coloring was done on the risk analysis evaluation 
table in order of importance in order to eliminate the risks. Considering 
the current situation, the risks are listed in order of importance from the 
biggest to the tiniest. The risks that were determined above the accept-
able risk level were reduced to the acceptable risk level after the employer 
took precautions.

Appendix 1 shows the Covid-19 influenza risk assessment study con-
ducted in the company. In the company, in the general workplace area, 
in the scope of activity, in the work areas and social facilities, the current 
biological risk, Covid-19, is considered as a hazard. Damage and death 
caused by the danger of Covid-19 are seen as risks. First of all, employee 
screening, which poses a risk among employees, was made every now and 
then. In order to avoid this situation, an emergency plan regarding biolog-
ical risks has been prepared. In addition, the work of special risk groups 
allowed by the state during the pandemic process has been stopped until 
a second decision. There are personnel with first aid certificates in the 
workplace. Necessary trainings were given to the cleaning staff in charge 
of cleaning the working environment periodically. Fourteen rule booklets 
were prepared and given to the employees and the necessary warnings 
were posted on the boards. Information meetings were held by the work-
place doctor about what the symptoms of Coronavirus are. Disinfectants 
in the workplace are placed in visible places in the working environment 
of the employees.

Soap and disinfectant use was ensured in the research and devel-
opment laboratories at the workplace. In addition, masks were distrib-
uted to the employees. Employees were warned that masks should only 
be purchased from pharmacies. It has been stated that people who have 
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caught the coronavirus should inform the workplace, avoid close contact, 
and comply with social distance rules.

As a result of the Fine-Kinney risk assessment, it was stated in the 
decision deadline plan with a risk level of R> 400 that the measures to 
be taken within 15-30 days, which included high risk, were stated. These 
measures are intended to measure the temperature at the workplace’s 
inlets and outlets. It can be seen that the employees’ use of gloves and 
masks has been tightened. Frequent use of disinfectants was reminded. 
Furthermore, social distance rules are enforced in places such as the caf-
eteria and dressing room. With these measures, the current risk value has 
been reduced to between 70 < R < 2.

Another precaution taken is that those with chronic diseases, preg-
nant workers and employees over the age of sixty-five were asked to work 
from home, if possible.

As a precaution, routine cleaning of surfaces and machinery is pro-
vided. Employees were asked to comply with personal hygiene rules. By 
reducing the crowded working environment as much as possible, the cur-
rent risk value has been reduced.

With these measures, the current high risk value has been reduced 
below 100. In this case, the work still continues with the current measures.
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Effect

Risk Value

Risk Level

Decision

Deadline

Possibility

Frequency

Effect

Risk Value

Risk Level

Decision

1

GENERAL WORKPLACE

WORK AREAS, SOCIAL FACILITIES, 
TOOLS

GRUP 4 Biological risks

Illness, Death

There is no GROUP 4 biological risk personnel 
in the workplace.

10

10

100

10000

R>400

Very High Risk

15-30 days

Group 4 biological factors: Biological factors 
that cause severe human diseases, pose a serious 
danger to workers, have a high risk of spreading 

to the community, but do not have effective 
prevention and treatment methods. The employer 
is obliged to take collective and personal precau-
tions against the dangers that the employees may 

encounter in the workplace.

Temperature is taken at the entrance and exit 
of the workplace. Employees are provided with 
masks and gloves. There are disinfectants in the 
workplace and they are provided for employees 

to use. Social distance rules are followed in social 
facilities such as cafeteria, service, dressing room.

1

1

100

100

70<R<200

Significant
Risk

Employer / employer’s representative / Adminis-
trative affairs / Occupational doctor
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2

GENERAL WORKPLACE

WORK AREAS, SOCIAL 
FACILITIES, TOOLS

Lack of contingency plan regarding 
biological risks

Illness, Death

An emergency plan for biological 
risks has been prepared.

10

10

100

10000

R>400

Very High Risk

15-30 days

1. Covid 19 An emergency plan 
regarding biological risks should 

be prepared and emergency teams 
should be updated.

2. It should be ensured that 
employee representatives and/

or employees are informed about 
the updated emergency plan and 
are aware of what they should or 
should not do within the scope of 

the plan.

An emergency plan for biological 
risks has been prepared.

1

1

100

100

70<R<200

Significant Risk

Employer / employer’s represen-
tative / Administrative affairs / 

Occupational doctor

3

GENERAL WORKPLACE

WORK AREAS, SOCIAL 
FACILITIES, TOOLS

Lack of risk assessment report on 
biological risks

Illness, Death

Unit evaluation report has been 
prepared.

10

10

100

10000

R>400

Very High Risk

15-30 days

Workplace-specific hazards 
related to COVID-19 should be 
identified, risk assessment should 

be carried out and necessary 
precautions should be taken.

Unit evaluation report has been 
prepared.

1

1

100

100

70<R<200

Significant Risk

Employer / employer’s represen-
tative / Administrative affairs / 

Occupational doctor

4

GENERAL WORKPLACE

WORK AREAS, SOCIAL 
FACILITIES, TOOLS

Continuation of special risk 
groups

Illness, Death

The employment of special 
risk groups has been stopped 
until a second decision taken 

by the state.

10

10

100

10000

R>400

Very High Risk

15-30 days

Those with chronic diseases, 
pregnant workers, employees 
over 65 should be allowed to 
work from home if possible, 
and if it is not possible, they 

should not be allowed to 
work. Employees should be 

informed.

The employment of special 
risk groups has been stopped 
until a second decision taken 

by the state.

1

1

100

100

70<R<200

Significant Risk

Employer / employer’s rep-
resentative / Administrative 
affairs / Occupational doctor

5

GENERAL WORKPLACE

WORK AREAS, SOCIAL 
FACILITIES, TOOLS

Not reducing the number 
of employees in areas with 

intensive work

Illness, Death

The number of employees has 
been reduced in areas with 

intensive work.

10

10

100

10000

R>400

Very High Risk

15-30 days

1. Necessary arrangements 
should be made in the working 
areas, taking into account the 

health conditions first, and giv-
ing importance to the conditions 

of the work,
2. It should be ensured that the 
number of workers who are or 

may be exposed to is kept as low 
as possible.

The number of employees in 
areas where intensive work is 
carried out has been reduced.

1

1

100

100

70<R<200

Significant Risk

Employer / employer’s represen-
tative / Administrative affairs / 

Occupational doctor
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6

GENERAL WORKPLACE

WORK AREAS, SOCIAL 
FACILITIES, TOOLS

Lack of personnel with first aid 
certificate in the workplace

Illness, Death

There are personnel with first 
aid certificates in the workplace.

10

10

100

10000

R>400

Very High Risk

15-30 days

First aid personnel; there 
should be 1 person for every 10 

people in the very dangerous 
class, every 15 people in the 

dangerous class, and every 20 
people in the less dangerous 

class, and the first aid training 
should be updated every 3 

years.

There are personnel with first 
aid certificates in the workplace.

1

1

100

100

70<R<200

Significant Risk

Employer / employer’s 
representative / Administrative 
affairs / Occupational doctor

7

GENERAL WORKPLACE

WORK AREAS, SOCIAL FACILITIES, 
TOOLS

Lack of hygiene in the working environment

Illness, Death

Working environments are cleaned periodically. 
Employees are warned about this.

10

10

100

10000

R>400

Very High Risk

15-30 days

1. Regular cleaning practices should be main-
tained, including routine cleaning and disinfec-
tion of surfaces, equipment, and other elements 
of the work environment. 2. Hygiene condi-
tions should be followed in common areas such 
as work areas, sinks, toilets, bathrooms, stair 
rails, faucets and dining halls, rest areas, dress-
ing rooms, doors, turnstiles, and keyboards and 
other devices should be cleaned regularly. As far 
as possible, workers should be prevented from 
using other employees’ phones, desks, offices or 
other work tools and equipment, and controls 
and inspections should be ensured.

Working environments are cleaned periodically. 
Employees are warned about this.

1

1

100

100

70<R<200

Significant Risk

Employer / employer’s representative / Admin-
istrative affairs / Occupational doctor

8

GENERAL WORKPLACE

WORK AREAS, SOCIAL FACILITIES, TOOLS

Lack of personal hygiene in employees

Illness, Death

Employees were informed about 14 rule booklets. It was 
informed that disinfectants in the workplace should be used. 
Employees comply with personal hygiene rules.

10

10

100

10000

R>400

Very High Risk

15-30 days

1. Employees should be informed about personal hygiene rules, 
hands should be washed with soap and water for at least 20 sec-
onds after contact and at regular intervals. should be washed. 2. 
Employees should pay attention to the hygiene of work clothes. 
Clothes should be washed at least 60 degrees every day, work 
clothes and protective equipment should be removed before 
leaving the work area, and they should be informed about venti-
lation. 3. Effective hand washing training should be given to the 
employees by the authorized person in the workplaces and their 
awareness on hygiene should be increased. 4. Within the possi-
bility of keeping the virus on the beard and mustache, it should 
be ensured that the employees shave frequently, if possible, and 
the necessary warning should be made regarding the issue. 5. 
Employees should be warned to pay attention to nail cleaning 
and to do nail care regularly.

Employees were informed about 14 rule booklets. It was 
informed that disinfectants in the workplace should be used. 
Employees comply with personal hygiene rules.

1

1

100

100

70<R<200

Significant Risk

Employer / employer’s representative / Administrative affairs / 
Occupational doctor
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9

GENERAL WORKPLACE

WORK AREAS, SOCIAL FACILITIES, 
TOOLS

Lack of basic hygiene knowledge

Illness, Death

Occupational physician is interested in the 
subject.

10

10

100

10000

R>400

Very High Risk

15-30 days

Employees should be informed about hygiene, 
banners/posters/instructions containing eti-
quette in case of coughing and sneezing and 
explaining the importance of hand hygiene 
should be hung at the entrance of the work-
place and other areas where everyone can see 
it.

Occupational doctor is interested in the sub-
ject.

1

1

100

100

70<R<200

Significant Risk

Employer / employer’s representative / 
Administrative affairs / Occupational doctor

10

GENERAL WORKPLACE

WORK AREAS, SOCIAL 
FACILITIES, TOOLS

Lack of knowledge about the symp-
toms caused by the coronavirus

Illness, Death

All employees were informed about 
the symptoms of the coronavirus.

10

10

100

10000

R>400

Very High Risk

15-30 days

Information should be given about 
the symptoms caused by the corona-
virus, posters/posters etc. should be 
hung in other areas where everyone 
can see it.

All employees were informed about 
the symptoms of the coronavirus.

1

1

100

100

70<R<200

Significant Risk
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1. Introduction
Industry, population and agricultural sectors are in a great competition 
in terms of water use in worldwide. While industrial investments need 
water, they also seriously threaten the water quality in regions with rich 
groundwater potential. Considering that Turkey and most of the coun-
tries suffers from water scarcity, water use and management are of great 
importance (Turan, 2018; Yannopoulos, Giannopoulou, & Kaiafa-Sa-
ropoulou, 2019). Increasing global warming and drought threats in recent 
years lead to a significant decrease in potable water resources, which are 
limited, as well as a decrease in the quality of existing surface/groundwa-
ter resources (Lipczynska-Kochany, 2018; Trnka et al., 2019). 

The source, transport pathway and type of pollution discharged into 
the aquatic system are needed to be known for identifying preventive and 
mitigation strategies (Schmaltz et al., 2020). After passing of domestic 
wastewaters through the sewer catchment, the emerging wastes are col-
lected and categorized as human waste, kitchen waste, large-sized plastics, 
etc. and recycled by treatment plants (Sreelakhmi & Chitra, 2021). Manu-
facturing industries, that emit heavy pollution emissions are also located in/
or near the urban areas thus, dangerous pollutants are easily transported in 
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water and some of them contaminate even our drinking water sources with  
urban runoff, storm water overflows and failure of authorities to control 
wastewater discharges well, etc. (Abdalla & Khalil, 2018). Pollution load, 
location and type can be traced against human and industrial behaviours, 
it is realistic and proposed to collect and analyse the water samples from 
different points (source of pollution, various environmental water matrices 
etc.) at regular periods by the authorities and researchers.

However, endocrine disruptor compounds (EDCs) are the matters 
of concern in aquatic ecosystems (Wee, Aris, Yusoff, & Praveena, 2020). 
Mostly detected endocrine disruptor types in aquatic environment are hor-
mones, surfactants, microplastics, disinfectants, pesticides and heavy metals 
(Pironti et al., 2021). There are various ways of distribution of endocrine 
disruptors in receiving environment through urban water systems (Bedoya-
Ríos et al., 2018). Medical drugs, hormones and personal care products 
which are used in homes and hospitals reach to the sewage systems by the 
excretion of them with the feces and urinary tract in unchanged forms 
or metabolites after taken into the body. Then, they are discharged into 
the wastewater treatment facilities through sewage systems. In addition, 
they could also be disposed of directly into the garbage without ever using. 
These medicines which were disposed of into the garbage may be mixed 
with leachate and dispersed into the aquatic system. Another endocrine 
disruptor sources are pesticides which are used for agricultural purposes 
commonly. These products can seep into the soil and contaminate ground-
water (Chaturvedi et al., 2021). Also, endocrine disruptor micro-contam-
inants originating from industries are discharged into the sewage systems 
and reach to the wastewater treatment plants. These endocrine disruptor 
pollutants, which cannot be completely removed/destroyed in wastewater 
treatment plants are discharged to the receiving environment and reach to 
rivers, lakes, and seas and thus, they cause to pollution in water resources 
even in groundwaters and drinking waters (Kim & Zoh, 2016).

2. Endocrine Disruptors 
Endocrine disruptor chemicals are the substances that disrupt the natu-
ral functioning of endocrine systems by changing/mimicking the effects 
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of hormones and preventing their movements, when they enter the body 
of living organisms (Rodgers-Gray et al., 2000; Varjani & Sudha, 2020). 
Endocrine disrupting chemicals are mainly consist of birth control 
pills, steroids, industrial chemicals, pesticides (dichlorodiphenyl trichlo-
roethane, dieldrin, lindane, atrazine), surfactants, phthalate acid esters, 
polyaromatic hydrocarbons (PAHs), polychlorinated dioxins (solid waste 
storage incineration systems) that consists of substances such as biphe-
nyls. It has been stated that estrogenic endocrine disruptors cause to her-
maphroditism highly and thus, they are the most important species of 
endocrine disrupting chemicals (Tran et al., 2019). When the studies 
were examined, researchers have found that endocrine disrupting chem-
icals may cause eye diseases, respiratory system diseases, gastrointestinal 
system diseases, liver and kidney damages as well as central nervous sys-
tem diseases by affecting the nervous system. One of the negative effects 
of EDCs is that they act as estrogen (Mueller & Korach, 2001; Shanle 
& Xu, 2011). For example, Diethylstilbestrol (DES), which is one of the 
most important synthetic estrogen endocrine disrupting compounds was 
widely used during the 20th century, until it was banned worldwide due 
to the complications of it in female genitals, especially cervix, vagina and 
uterus (Bibbo et al., 1977; Herbst, Ulfelder, & Poskanzer, 1971; Zamo-
ra-León, 2021). 

2.1.  Legislations On Endocrine Disruptor 
Compounds

Unfortunately, there are no discharge standards in legislations for these 
endocrine disruptor micro-pollutants in wastewater treatment plants. 
Because that, the majority of currently operated wastewater treatment 
plants are operated up to tertiary treatment and this treatment systems 
can not be able to remove micro-contaminants fully. In addition, since the 
treatment of micro-pollutants varies according to their types, all of the 
treatment systems cannot achieve the same efficiency. Although, there is 
no globally accepted legislations, Switzerland has prepared a regulation 
as example for micropollutant removal and has decided to make a qua-
ternary treatment step for 100 wastewater treatment plants in accordance 
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with their own laws. At a meeting held by the European Commission 
for the removal of micropollutants from wastewaters at IFAT (2018), the 
commission stated that it is necessary to make an additional treatment 
- a quaternary step - for wastewater treatment plants, but financially it 
is impossible to build and operate such a system in all facilities (IFAT, 
2018). The European Union legislation includes the quality criteria that 
must be fulfilled for the receiving environment within the scope of the 
Water Framework Directive (2000/60/EC) and Environmental Quality 
Standards (2008/105/EC) (Directives, 2008; EC, 2000; Jurado, Walther, 
& Díaz-Cruz, 2019). The water framework directive aims to publish the 
standards for eceiving environment for priority substances and specific 
pollutants. In this context, the EU Watch has prepared a list (2015/495/
EU) for specific pollutants and priority substances (EU, 2015). The last 
added endocrine disruptor micropollutants to the EU Watch List are 
non-steroidal anti-inflammatory drugs (diclofenac), macrolide antibiot-
ics (azithromycin, clarithromycin and erythromycin), synthetic hormones 
(17α-ethinylestradiol (EE2)) and natural hormones (estrone (E1) and 
17ß-estradiol). Furthermore, some pesticides (methiocarb, oxadiazon, 
imidacloprid, thiacloprid, thiamethoxam, clothianidin, acetamiprid, and 
triallate), 2-ethylhexyl-4-methoxycinnamate, and an antioxidant com-
monly used as a food additive; 2,6-di-tert-butyl-4-methylphenol were 
included into the list (Souza et al., 2017).  The World Health Organiza-
tion (WHO) published a guideline on pharmaceuticals found in drinking 
water (WHO/HSE/WSH/11.05) (WHO, 2011). In Turkey, the Surface 
Water Quality Regulation (RG:28483,30.11.12) and the Regulation on 
the Monitoring of Surface and Groundwater (RG:28910,11.02.2014) 
with the water quality and classification parts of the EU legislation are 
largely transferred into the legislations within the scope of the Water 
Framework Directive.

2.2. Hormones
Hormone residues can be found to a large extent in wastewaters, ground-
waters and drinking water sources like many other micropollutants 
(Baronti et al., 2000; Luo et al., 2014) and are well-known endocrine 
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disrupting chemicals (EDCs) ( Jarošová, Bláha, Giesy, & Hilscherová, 
2014). Various treatment strategies such as adsorption, enhanced oxi-
dation, photo-catalytic degradation, biodegradation and membrane 
separation such as nanofiltration or reverse osmosis have been adopted 
to remove these micro-contaminants (Hatt, Germain, & Judd, 2013; 
Nghiem, Schäfer, & Elimelech, 2004; Ohko et al., 2002; Onesios, Jim, & 
Bouwer, 2009).

In aquatic environments, estrogen E2 (B.-H. Zhao et al., 2020) and 
estrone predominate in estrogenic activity (Vélez et al., 2019). Estrone 
and E2 hormones have been detected in surface waters in many coun-
tries such as Austria, the United States, Brazil and China (Benotti et 
al., 2009; Hohenblum, Gans, Moche, Scharf, & Lorbeer, 2004; Torres 
et al., 2017). Liz et al. (2017), detected E2, estrone and E3 hormones 
in water samples in Paraná, Brazil, which are the increasing concentra-
tions of metabolites such as precursor molecules (EE2, mestranol and 
diethylstilbestrol) caused by inadequate disposal of expired drugs from 
pharmaceutical industries, households and hospital wastes (Liz, Amaral, 
Stets, Nagata, & Peralta-Zamora, 2017). A very few studies in literature 
reported detectable concentrations of hormone/natural estrogen, or EE2, 
in treated waters from drinking water treatment plants (DWTP), unlike 
spring/surface waters. Metcalfe et al. (2014) reported concentrations of 
E1 (1.5 ng L−1) in treated water samples from Ontario DWTP (Met-
calfe et al., 2014). Kuch and Ballschmiter (2001) also reported detec-
tions of E1 with E2 and EE2 in German tap water, from groundwater 
wells unlike DWTP’s, where these samples were taken from (Kuch & 
Ballschmiter, 2001). 

2.3. Antibiotics
Antibiotic compounds are found among the endocrine disrupting com-
pounds, which are considered to be one of the most dangerous types 
of pollutants in terms of microorganism resistance create in environ-
ment and have a widespread use in Turkey and worldwide. Antibiotics 
are widely used for the protection and treatment of human and animal 
health and improvement of agricultural processes at high rates without 
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control (Oberlé, Capdeville, Berthe, Budzinski, & Petit, 2012). Accord-
ing to IMS (International Medical Statistics) (2014) data, it was obtained 
that cephalosporins, penicillins and quinolones are the antibiotic groups 
that are at the top of list for their consumption in Turkey (IMS, 2014). 

Antibiotics are the drugs which are most used all over the world. 
Approximately, 35% of the health budgets of developing countries are 
spent on antibiotics. In some countries, antibiotics can be sold in phar-
macies or even in markets without a prescription (Topal, Şenel, Topal, & 
Erdal, 2015). After the antibiotics are taken into the human body, some 
of them are used by the metabolism, while the unused part is excreted 
through the urine (Kolpin et al., 2002; Kümmerer, 2001). In this way, they 
can reach to the sewage system and to the wastewater treatment plants 
from there. However, they can reach even to the drinking waters, if they 
are not biodegradable or can not be removed well in wastewater treat-
ment plants. In addition to the hospitals and homes, where antibiotics are 
used in and then, they are thrown directly into the sewage systems from 
there, garbages are also the main sources of antibiotic pollution in receiv-
ing environment (Holm, Ruegge, Bjerg, & Christensen, 1995). Thus, it is 
important to detect and remove antibiotics from water. Today, unfortu-
nately, conventional wastewater treatment plants are inadequate in terms 
of removal of antibiotics, which are widely used in Turkey and Northern 
European countries (Heberer, 2002; Kümmerer, 2001; Ternes, 1998). 

Due to the limited treatment rates of wastewater treatment plants, 
large amounts of antibiotics are transferred from wastewater to surface 
waters, groundwater and even drinking water ( Jurado et al., 2019; Sharma 
et al., 2019). However, the presence of antibiotics in groundwater has 
recently attracted great attention around the world. A US national expe-
dition of pharmaceuticals and other organic pollutants in water supplies 
reported the presence of antibiotics in a sampling network of 47 groun-
dwater sites with a detection frequency of more than 30% (Barnes et 
al., 2008). Fick et al. (2009) investigated surface water, groundwater, and 
drinking water thought to be contaminated with antibiotics and other 
drugs in an area where the mass-pharmaceutical industry has developed, 
and found high levels of antibiotics, including ciprofloxacin, enfloxacin, 
ofloxacin, and trimethoprim, in well water samples (Fick et al., 2009).
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2.4. Pesticides
The circulation of pesticides in the environment has a versatile and com-
plex structure. The circulation of pesticides in the environment is a versa-
tile and complex situation. The atmosphere, soil and water environment 
are the three most important factors in transportation mechanisms of 
them and this is an exact reason that, why pesticides are the most import-
ant contaminants for the environment (Teonian Meriç, 2004). Inter-
national Environmental Protection Agency (EPA) (2002) stated that, 
pesticides could be used to prevent formation of insects, pests, rodents, 
weeds, fungi, bacteria and viruses and thus, to develop agricultural pro-
cesses and they defined pesticides as any substance or mixture of sub-
stances used to prevent, mitigate, destroy or keep the negative effects of 
living organisms under control (DSİ, 2018; EPA, 2007 ). The long-term 
activity of pesticides in the environment, their tendencies to bioaccumu-
lation and their effects on non-target species pose a great danger to health 
and ecosystem. Pesticide pollution occurs in groundwater and surface 
water sources, with drainage from the soil and transport from agricultural 
lands. Pesticide contamination into surface waters occurs through mixing 
of rain and irrigation waters in surface waters by washing of terrestrial 
surface and the lower layers of soil. Pesticide particles in the atmosphere 
descend into the surface waters with gravitation and/or rain, and direct 
application to water in order to eliminate some unwanted plant species 
in aquatic environment. Pesticide contamination to the groundwater may 
occur as a result of vertical downward movement of pesticide on the soil 
surface with the effect of rain or irrigation water (Özkan et al., 2007). 

Hintze et al. (2020) investigated the effect of surface water-ground-
water interactions on the spatial distribution of pesticide metabolites in 
groundwater, and found that in areas affected by a river from a mountain-
ous region, metabolite concentrations were low (median values ≤ 0.50 µg 
L-1 for desphenyl-chloridazone - DPC, ≤0.19 µg L-1 for methyl-desphe-
nyl-chloridazone - MDPC). Conversely, high concentrations have been 
observed in areas dominated by farmland recharge and/or affected by a 
stream from a intensively farmed watershed (median values up to 1.9 
µg L−1 for DPC and 0.75 µg L−1 for MDPC). An end-member analy-
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sis using hydrochemical data showed that, approximately 20% of the 
mass of DPC in a pumping well originates from the neighboring basin, 
resulting in a concentration of over 0.1 µg L-1 for DPC. The findings 
highlight that, mobile metabolites can be imported from heavily farmed 
areas outside the exploited aquifer through surface-water groundwater 
interactions that affect the metabolite concentration level and long-term 
dynamics in the aquifer (Hintze, Glauser, & Hunkeler, 2020).

2.5. Polychlorinated Aromatic Hydrocarbons 
Polychlorinated biphenyls (PCBs) and polychlorinated aromatic hydro-
carbons (PAHs), which are the other semi-volatile members of endo-
crine disruptors, are highly toxic chemicals. With the effect of long-range 
atmospheric transport, these pollutants are released from emission sources 
that can reach distant areas due to their semi-volatility, and thus reach a 
threatening level for aquatic ecosystem and drinking water sources.

PAHs are organic compounds consisting of two or more aromatic 
rings with semi-volatile properties such as PCBs and pesticides (Zohair, 
Salim, Soyibo, & Beck, 2006). PAHs are mostly formed as a result of  
incomplete combustion and pyrolysis of fossil fuels (Cetin, Yurdakul, 
Gungormus, Ozturk, & Sofuoglu, 2018). Vehicle emissions, heating 
and industrial combustion processes can be listed as the main sources of 
PAHs. (Fatma, Yucel, & Siddik, 2010). They are listed as priority pollut-
ants by the United States Environmental Protection Agency (EPA) due 
to the toxic, endocrine disrupting, carcinogenic and mutagenic effects 
of human exposure to PAHs through ingestion or inhalation. (Stewart 
et al., 2021). In addition, these compounds accumulate in food chain 
and adversely affect living organisms (Vardar, Tasdemir, Odabasi, & Noll, 
2004). 

In studies investigating PAHs in drinking water in literature, a total 
of 16 types of PAHs, ranging from 703 to1238 ng/L were obtained in 
the effluent of different treatment plants in Egypt (Badawy & Embaby, 
2010). The concentrations of 16 species of PAH measured in two differ-
ent studies conducted in China were in the range of 3.89-231.39 ng/L 
and 7.5-73.3. (Kanno et al., 2010). When the studies made in aquatic 
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environment in Turkey are evaluated, 13 types of PAH concentrations 
varying between 1800-24900 ng/L have been obtained in Menderes 
River (Ardag, Ozel, & Sen, 2011). The 13 types of PAH levels measured 
in sea water in Aliağa are in the range of 5.11-294.62 ng/L (Odabasi, 
Cetin, Demircioglu, & Sofuoglu, 2008).

2.6. Polychlorinated Biphenyls 
Organochlorine pesticides, which are also found in Polychlorinated 
Biphenyls group (PCBs) are of great importance as they are found in 12 
most dangerous Persistent Organic Pollutants (POPs) stated in Stock-
holm Convention (2001), besides their disruptive effects on endocrine 
systems (Baqar et al., 2017; Lallas, 2001). Since the PCBs are stable 
compounds with low vapor pressures and solubilities and high dielec-
tric constant values, they have been widely used for industrial purposes 
(Cindoruk & Tasdemir, 2007). Although PCBs are mostly used as insu-
lating liquid and coolant in transformers and condensers, paints, hydrau-
lic fluids, carbonless paper manufacturing, etc. they have been used 
frequently in industrial products (Odabasi et al., 2009). As a result of 
being detection in high amounts in fishes and different environmental 
matrices, their production and use were prohibited. Their persistence in 
the environment and their constant tendency to transition between dif-
ferent environments, their stability, their ability to move long distances in 
the atmosphere and their bioaccumulation properties in living organisms 
have made these compounds much more important (Barber, Thomas, 
Kerstiens, & Jones, 2004; Ozcan & Aydin, 2009). 

 It can be thought that semi-volatile organic compounds (S-VOCs) 
(Baqar et al., 2017), which have low solubility in water, will generally 
prefer to be in particulate phase in water and can be treated with conven-
tional treatment processes. However, it has been reported that the rates 
of S-VOCs in dissolved phase in spring water could reach to 73% of the 
total (particle + dissolved phase). Reported levels of S-VOCs in drinking 
water, in different parts of the world indicated that, conventional treat-
ment methods may not be sufficient for the emoval of these pollutants 
from water. For example, Li et al. (2018), observed measurable levels of 
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PCB at each focal point they studied, in China (Li et al., 2018). In the 
same country, while Zhao et al. (2011) have been reported PCB lev-
els ranging from 31.58 to 344.9 ng/L, Hong et al. (2009) measured 0.3 
ng/L total 8 types of PCB pollution (Hong, Chunhong, & Xiaoxiong, 
2009; Q. Zhao et al., 2011). In a study made in USA, the concentrations 
ranging from <9.3 to 186.6 ng/L were reported for a total of 147 species 
of PCBs in samples collected from 7 different regions (Palmer, Wilson, 
Casey, & Wagner, 2011). When the studies made in Turkey were evalu-
ated (Gedik & Imamoğlu, 2010), it was obtained that, while PCB mea-
surements were made in wastewater collection systems and sea waters 
in urban coastal areas (Aydin, Wichmann, & Bahadir, 2004; Tor et al., 
2003) also, it was reported PCB contamination in tap water (Kurt & 
Ozkoc, 2004; Odabasi et al., 2008; Telli-Karakoç et al., 2002). 

2.7. Microplastics 
Microplastics (MP) are the second category of urban aquatic system pol-
lution as endocrine disruptors. Identifying, monitoring, preventing and 
eliminating of MP pollution in aquatic ecosystems is currently known as 
one of the most important problems in worldwide. MP contamination in 
waters may be caused by direct transition to the water or the degradation 
of plastics that are turn into micro-contaminants later. It is projected 
that 4 to 12 million tons of plastic waste is dumped into the urban sew-
age system, rivers, and oceans annually, and as a result, it is estimated 
that by 2050 it will outweigh the amount of fish. Based on the current 
studies, characterization of microplastics in water is still one of the chal-
lenges, as they can be easily interfere with organic or other types of sub-
stances. Thus, there is an urgent requirement to establish alternative ways 
for describing the nature of MP chemically. For this reason, the latest 
techniques and instrumentation for MP characterization (Raman and 
fourier-transform infrared spectroscopy and microscopes, pyrolysis and 
thermal desorption gas chromatography, imaging techniques, etc.) must 
be considered with the versatility of the problem (Picó & Barceló, 2019).

Although, neither official definition or full agreement within the 
authors, MPs are generally defined as plastic fragments smaller than 5 
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mm in any dimension with an indeterminate lower limit. Recently, the 
launch of the term “nanoplastics” establish a lower limit (commonly <100 
nm) for these particles. However, latest studies showed certain discrep-
ancies on the range of MP sizes besides, evolution of the terminology 
according to MP’s impact (Picó & Barceló, 2019).

Figure 1. S ize-based defi nition of plastics (Reprinted from ref 
Copyright (2016) with permission from Elsevier) (da Costa, Santos, 

Duarte, & Rocha-Santos, 2016) 

Although neither exact definition or agreement fully within the research-
ers, microplastics are generally defined as plastic fragments smaller than 
5 mm in any dimension with an indefinite lower limit. In Figure 1 it 
was stated  the size-based definition of plastics (Browne, Galloway, & 
Thompson, 2007; Claessens, Van Cauwenberghe, Vandegehuchte, & 
Janssen, 2013; Desforges, Galbraith, Dangerfield, & Ross, 2014; Hart-
mann, Nolte, Sørensen, Jensen, & Baun; Ryan, Moore, Van Franeker, & 
Moloney, 2009).
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Figure 2. Global release of microplastics into the oceans and 
comparison of them with plastics originated from mismanagement of 
wastes. Reprinted from ref Copyright (2017) with permission from 

International Union for Conservation of Nature and Natural Resources 
(IUCN) (Boucher & Friot, 2017).

In Figure 2, the release of microplastics into the oceans worldwide and 
comparison of them with the other plastics which are originated from 
wastes were showed (Picó & Barceló, 2019). Microplastics are classified 
mainly into two categories: primary and secondary MPs (Ter Halle et al., 
2017). Primary MPs are already manufactured with a microsize, includ-
ing microspheres (<500 µm) which are used in some cosmetic products, 
mixtures used for sandblasting/shotblasting, and are employed as phar-
maceutical vectors and 3D printing material (Rowenczyk et al., 2020). 
Secondary MPs are the products of degradation of macro-plastic materials 
by mechanical or photo-oxidative pathways. It is estimated that 1.5 mil-
lion tonnes of primary MPs are released into water environment annually. 
The plastics entcountering into the aquatic environment sourced from 
mismanagement of wastes, which may form secondary MPs, are higher 
in almost all of the countries worldwide than the European countries and 
USA (United States of America) (Figure 2) (Caldwell et al., 2021).
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3. Conclusions
Endocrine disruptor compounds are the matters of concern in aquatic 
ecosystems. Mostly detected endocrine disruptor types in aquatic envi-
ronment are hormones, antibiotics, microplastics, polychlorinated biphe-
nyls, polychlorinated aromatic hydrocarbons and pesticides. There are 
various ways of distribution of endocrine disruptors in receiving envi-
ronment through urban water systems. Medical drugs, hormones and 
personal care products which are used in homes and hospitals reach to 
the sewage systems by the excretion of them with the feces and uri-
nary tract in unchanged forms or metabolites after taken into the human 
body. Then, they are discharged into the wastewater treatment facili-
ties through sewage systems. In addition, they could also be disposed 
of directly into the garbage without ever using. These medicines which 
were disposed of into the garbage may be mixed with leachate and dis-
persed into the aquatic system. Another endocrine disruptor sources are 
agricultural prosses, where pesticides are used widely. These products can 
seep into the soil and contaminate groundwater. Also, endocrine disrup-
tor micro-contaminants originating from industries are discharged into 
the sewage systems and reach to the wastewater treatment plants. These 
pollutants, which cannot be completely removed/destroyed in wastewa-
ter treatment plants are discharged into the receiving environment and 
reach to the rivers, lakes, and seas and thus, they cause to pollution in 
water sources even in groundwaters and drinking waters.

•	 When the studies were considered, it has been reported 
that hormone residues are largely detected in wastewaters, 
underground waters and drinking water sources. Estrone 
and E2 hormones, which are the dominant species in aquatic 
environments (in estrogenic activity), have been detected in 
surface waters in many countries such as Austria, the United 
States, Brazil and China. However, only at a few studies it has 
been reported natural concentrations of estrogen or EE2 in 
drinking water.
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• However, in recent years the presence of antibiotics in 
groundwater has received great attention around the 
world. In a US national expedition made for detection 
of pharmaceuticals and other organic pollutants in water 
supplies it was seen that, high levels of antibiotics, including 
ciprofloxacin, enfloxacin, ofloxacin, and trimethoprim were 
found in groundwater samples.

• When the studies are considered made on pesticides, 
metabolite concentrations have been found to be low in the 
areas which are affected by rivers in mountainous regions, but 
on the contrary, high concentrations (desphenyl-chloridazone 
and methyl-desphenyl-chloridazone) were detected in 
areas affected by streams from watersheds, where intensive 
agricultural processes are made.

• A total of 16 types of PAHs, varying in different concentration 
ranges, were detected in the wastewater of different treatment 
plants in Egypt and China. When the studies conducted in 
the aquatic environment in Turkey are evaluated, 13 species 
of PAHs with different concentrations have been observed 
the Menderes River and in the sea water of Aliağa.

• For the detection of polychlorinated biphenyls in the aquatic 
environment carried out in different countries, measurable 
levels of 8 types of PCBs have been observed in many different 
water matrices in China. In a study conducted in USA, high 
concentrations were reported for a total of 147 PCB species 
in the samples from different regions. When the studies made 
in Turkey are evaluated, PCB concentrations were found in 
wastewater collection systems and sea waters in urban coastal 
areas, even in tap water.

• It is estimated that between 4 and 12 million tons of plastic 
waste is dumped into the urban sewage systems, rivers and 
oceans annually, as a result of that, it is estimated that, the 
amount of microplastics will exceed the amount of fishes by 
2050. The characterization of microplastics in water still has 
great technological challenges, as they can easily interact with 



ENDOCRINE DISRUPTOR POLLUTION IN AQUATIC 153

organic or other types of substances. Thus, there is an urgent 
need to establish alternative ways to chemically describe the 
structure of MPs. 

However, unfortunately, there is no discharge standard in the legislation 
for endocrine disrupting pollutants in wastewater treatment plants. Thus, 
most of the currently operated wastewater treatment plants are operated 
up to tertiary treatment and these treatment plants cannot completely 
remove micropollutants. There is no legislation accepted by worldwide, 
but in some countries such as Switzerland, governments have prepared 
some regulations for the removal of micropollutants and decided to make 
a quaternary treatment step for different wastewater treatment plants in 
accordance with their own laws.
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1. Introduction
Today, as a result of unplanned urbanization, the ecology of cities is 
deteriorating and the presence of green areas is decreasing day by day. 
Children’s playgrounds, which are very important for urban green space 
systems, are also affected by these deteriorations and are designed 
unplanned and disconnected from nature. Playgrounds are important for 
children living in cities to spend the limited time they spend outside more 
qualified, to develop them educationally, physically and spiritually and to 
satisfy their longing for nature (Küçükyağcı et al., 2015; Aklıbaşında et 
al., 2018). Because play is an important survival activity for children and 
is one of the most effective tools that helps them express themselves 
and prepares them for social life (Timur et al., 2018). For this reason, 
the design of children’s playgrounds in urban ecosystems is important in 
terms of raising healthy generations and creating sustainable and healthy 
environments.

Studies show that indoor games affect children’s mental, physical and 
social development negatively. Natural areas, on the other hand, have a 
very active role in the development of their creativity by supporting their 
development (Özgen and Aytuğ, 1992; Uslu and Shakouri, 2012). There 
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is strong evidence that the motor skills of children playing in playgrounds 
designed with natural elements develop at a high level, and that nature 
increases intelligence by stimulating children with its ever- changing and 
developing structure (Fjørtoft and Sageie, 2000; Fjørtoft, 2004; Turgut 
and Yılmaz, 2010; Aksu and Demirel, 2011; Coe et al., 2014; Veitch et 
al., 2015; Pouya et al., 2016; Timur et al., 2018). At the same time, con-
sidering the fact that nature conservation awareness is gained in child-
hood, bringing nature and natural processes to the forefront in the design 
works of spaces used by children in urban areas is important in terms 
of raising individuals who are sensitive to their environment and nature 
and who protect and ensure its continuity (Çukur and Özgüner, 2008; 
Özgüner and Şahin, 2009; Turgut and Yılmaz, 2010).

Plants are one of the most important tools for the physical and psycho-
logical development of children in playgrounds and for them to develop 
behavioral patterns such as recognizing and protecting nature. For this 
reason, it is necessary to take advantage of the aesthetic and functional 
effects of plants and their morphological features such as size, form, tex-
ture, color and similar morphological features by attaching importance to 
plant material in designs (Pouya et al., 2016). In addition to their effects 
such as control against light (shading- benefiting from the sun), shielding 
(wind- noise- image), providing privacy and creating space in children’s 
playgrounds, plants also offer children different opportunities for their 
plays. While it is a play element with leaves, flowers, fruits, seeds and stems, 
it stimulates the senses with its color and scent effects, creates comfortable 
areas by providing shade, helps to perceive seasonal transitions and to rec-
ognize the natural ecosystem (Moore, 2014; White and Stoecklin, 2015). 
In order to make a correct herbal design, the perception of children should 
be considered and the garden design should enable the children to perceive 
with their senses; sight, hearing, touch and smell (Çelik et al., 2015). While 
doing this, plants that are thorny, poisonous, allergenic, that can attract 
bees and various insects and can create a slippery surface because of their 
deciduous parts, should be avoided and everlasting species with suitable 
sizes for children should be selected (Erdönmez, 2007; Çelik, 2012).

In this research, the situation of plant material in children’s play-
grounds located in urban green areas was examined. The plant potential 
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of the children’s playgrounds in the city of Tekirdag, which was chosen as 
a sample area, was determined and evaluated in terms of its adequacy and 
contribution to the playground. In this context, suggestions were pre-
sented to eliminate the deficiencies identified in children’s playgrounds 
in urban spaces that are under intense pressure and to contribute to future 
design and planning studies.

2. Material and Methods
The material of the research consists of 9 children’s playgrounds in the 
Tekirdag city center (Figure 1). Tekirdag is located in the northwest of 
Turkey, in the north of the Marmara Sea. Its surface area is 6 313 km² 
and its altitude is between 0- 200 m. It is surrounded by Istanbul in 
the east, Kırklareli in the north, the Marmara Sea and Çanakkale in the 
south. It is located between 40° 36’ and 41° 31’ north latitudes and 26° 
43’ and 28° 08’ east longitudes (URL 1). The average rainfall in the area 
is 598.3 mm, the average minimum temperature is 1.8°C, the average 
highest temperature is 28.1°C, and a cool and less rainy Mediterranean 
climate prevails.

Figure 1: The Location of The Playgrounds Examined Within The 
Scope of The Research (URL 2)
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Literature research, field study, analysis, and evaluation methods were 
used in the study. In this context, after literature research and the prin-
ciples of children’s playground planning and design were revealed, chil-
dren’s playgrounds in Tekirdag city center were examined. The vegetation 
of the children’s playground was determined by on- site inspections and 
an observation form was filled for each area. According to the observa-
tion form created, the plants in the playgrounds were evaluated in terms 
of their design features and the contributions of the plants to the chil-
dren’s playground were revealed. In terms of plant design, considering the 
functional contributions of plants, the benefits of limitation, orientation, 
shading, shielding and highlighting were evaluated. While determining 
the contribution to the game, the use of the plants in the playgrounds 
was evaluated according to 8 criteria, considering the effect of the den-
drological properties of the plants on the children (Table 1). In addition, 
using the studies of Özgen (1987), Seçmen and Leblebici (1987), Baytop 
(1997), Yılmaz et al. (2006), Yücel (2008), Bıçakçı et al. (2009), Çeter 
(2011), Gemici (2011), Altay et al. (2015), the poisonous, allergenic and 
thorny plant taxa were investigated. As a result of the research, sugges-
tions were presented to eliminate the deficiencies identified and to shed 
light on the children’s playgrounds to be created in the future.

Table 1: The Effects of Plant Material in Children’s Playgrounds in 
Terms of Playing

No Features Effect on playing
1 Color Has an interesting color
2 Texture Hard, soft, pricking etc.
3 Smell Aromatic plants with fragrant 

leaves or flowers
4 Space creation Create tunnels, walls, fences, 

rooms and similar spaces
5 Plant parts that make 

the area eligible for 
playing

Has interesting leaves, fruits, 
flowers, seeds and shoots
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6 Dynamism Waves in the wind
7 Seasonal change Has an attractive appearance 

throughout the year
8 Edibility Has interesting flavors

3. Results
In this research, 28 plant taxa were identified in the playgrounds. Of 
these taxa, most of which are exotic plants (75%), 1 is genus, 21 are spe-
cies, 1 is subspecies, 1 is variety, and 4 is cultivar. The dominant species 
in the area are Platanus orientalis and Rosa sp. Other common plants are 
Nerium oleander, Pyracantha coccinea, Robinia pseudoacacia and Robinia 
pseudoacacia cv. “Umbraculifera”. In these areas, where the composition 
and density of species is quite low, the plants are predominantly woody. 
Some of the children’s playgrounds do not have any trees, while others 
mostly contain similar species (Table 2).

It has been observed that, in terms of design principles, the functional 
contributions of plants are the most considered ones. In this context, it 
has been observed that the most benefited effect of the plants in the area 
are limitation and shading. In green areas, borders are emphasized mostly 
with bush- shaped plants (Buxus sempervirens cv. “Suffruticosa”, Coto-
neaster horizontalis, Euonymus japoncius, Euonymus latifolius cv. “Aurea”, 
Juniperus horizontalis, Nerium oleander, Photinia serrulata, Pittosporum 
tobira cv. “Nana” Pyracantha coccinea, Rosa sp. and Yucca gloriosa) and 
shaded places are created locally with deciduous species (Acer negundo, 
Morus alba, Platanus orientalis, Pyrus communis, Robinia pseudoacacia and 
Ulmus minor) species (Table 2).

Although the contribution of natural areas to the development of 
children is known, it is seen that the existing areas do not show a poten-
tial to support children’s communication with nature. In Table 2, the 
contribution of plants to the game was determined by making use of 
the different features of the plants and it was aimed to contribute to the 
children’s learning about nature and gaining different experiences.
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Table 2: Ornamental Plants and Plant Design Features and Their 
ontribution to The Game in The Children’s Playgrounds of The 

Province of Tekirdag

Latin Name

D
es

ig
n 

Fe
at

ur
es

C
on

tri
bu

tio
ns

 to
 th

e P
lay

gr
ou

nd

Research Areas

RC
P

A
BP

SP K
SSP

M
EP

FSM
P

G
O

P

BM
P

M
P

Abelia x grandiflora

Li
m

ita
tio

n

3, 7



Acer negundo

Sh
ad

in
g

5, 6, 7
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Buxus sempervirens cv. 
“Suffruticosa”

Li
m

ita
tio

n

4



Cotoneaster horizontalis

Li
m

ita
tio

n

1, 2, 4, 7



Cotoneaster lacteus

Sh
ie

ld
in

g 

1, 2, 4, 7



Eriobotrya japonica

O
rie

nt
at

io
n 

5, 8
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Euonymus japoncius

Li
m

ita
tio

n

2



Euonymus latifolius cv. 
“Aurea”

Li
m

ita
tio

n

1, 2, 4



Hibiscus syriacus

Li
m

ita
tio

n

7



Juniperus horizontalis

Li
m

ita
tio

n

2, 4
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Lagerstroemia indica

H
ig
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ig
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g

1, 5, 7



Magnolia grandiflora
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ig
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ig
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g

4



Morus alba

Sh
ad

in
g

4, 7, 8



Nerium oleander

Li
m

ita
tio

n

-
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Photinia serrulata

Li
m

ita
tio

n

1, 3, 4, 7



Picea pungens

Sh
ie

ld
in

g

2



Pinus brutia

Sh
ad
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2



Pinus nigra ssp. pallasi-
ana

Sh
ie
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g

2





USE OF PLANT MATERIAL IN CHILDREN’S PLAYGROUNDS 173

Pittosporum tobira cv. 
“Nana”

Li
m

ita
tio

n

2, 4



Platanus orientalis

Sh
ad

in
g

4, 5, 6, 7

  

Pseudotsuga menziesii var. 
viridis

Sh
ie

ld
in

g

2



Pyracantha coccinea

Li
m
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tio

n

- 
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Pyrus communis

Sh
ad

in
g

5, 7, 8



Robinia pseudoacacia

Sh
ad

in
g

-

 

Robinia pseudoacacia cv. 
“Umbraculifera”

Sh
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g

7

 

Rosa sp.

Li
m
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tio

n

-
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Ulmus minor

Li
m

ita
tio

n

4, 6, 7



4. Conclusion and Recommendations
Children’s playgrounds, which form an important part of urban green 
areas, contribute to both the physical and spiritual development of chil-
dren and the ecology of cities. One of the most important issues in chil-
dren’s playground designs is the plant arrangement. In today’s current 
practices, it is striking that the necessary care is not given to children’s 
playgrounds and the regulations are insufficient. In the children’s play-
grounds of the province of Tekirdag, which is the subject of the research, 
the plant material is quite insufficient in terms of both quality and quan-
tity.

Children’s playgrounds should be designed to appeal to the five senses 
and increase the perceptual awareness of children (Uslu and Shakouri, 
2012; Çelik et al., 2015).  Plants with warm color leaves, flowers and 
fruit, such as Malus sp. and Viburnum sp. are perceived more quickly and 
allow the garden to be perceived with the sense of sight. Plants that make 
noise with the wind movement, such as Bambusa sp., Pinus sp. and Pop-
ulus sp., allow the garden to be perceived with the sense of hearing. Aro-
matic plants, such as Jasminum sp., Syringa sp., Laurus sp., Lavandula sp., 
Lonicera sp. and Rosmarinus sp., activate the sense of smell; plants with 
edible fruits, such as Cornus sp., Malus sp. and Prunus sp., activate the 
sense of taste; and plants with hairy, fleshy or different textured leaves, 
activate the sense of touch while perceiving the area. The use of these 
plants in the design of the research area will increase children’s awareness 
of the environment they live in.
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In landscape arrangements, designs suitable for the aesthetic and 
functional characteristics of plants increase the success of the applica-
tions. In the study area, it is seen that plant design principles are not 
considered at all, and in the bordering and shading uses, there are thorny 
shrubs such as Pyracantha coccinea, Rosa sp. and Yucca gloriosa and poi-
sonous shrubs such as Nerium oleander as well as bee hosting plants such 
as Robinia pseudoacacia. When designing plants in playgrounds, using 
plants that may negatively affect the safety of children should be avoided. 
Having Abelia sp., Artemisia sp., Buddleia sp., Cistus sp., Philadelphus sp., 
Pittosporum sp., Symphoricarpus sp., shrubs and trees providing a source 
of life and food for birds such as Acer sp., Betula sp., Carpinus sp., Celtis 
sp., Eriobotrya sp., Fagus sp., Fraxinus sp., Malus sp., Prunus sp., Tamarix 
sp. and Tilia sp. will support wildlife in these areas and teach children the 
natural life. The plants to be used should create spaces which allow chil-
dren benefit from sunlight sufficiently beside providing environmental 
control against wind, reflection, light, and temperature.

As a result of the observations made in the research area, it has been 
revealed that the green space potential of the spaces is quite low and 
that they lack arrangements that will contribute to physical and spiritual 
development of children. It will contribute to the development of chil-
dren if local governments and planners establish existing playgrounds 
and newly designed spaces as nature- related playgrounds.
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1. Introduction
The foundation of the first factory that produces paper dates back to 
the 1930s after the establishment of the Republic. Mehmet Ali Kağıtçı, 
who was a paper engineer, was in charge of the establishment of the 
factory. The foundation of the first factory was laid in 1934, and, in the 
1940s it became a larger building complex with the newly added facili-
ties. (Kocabaşoğlu et al., 1996). 

SEKA Cellulose and Paper Factories founded by Mehmet Ali 
Kağıtçı in 1936 with the name of Sumerbank Paper and Board Fac-
tory in İzmit, Kocaeli, was the first paper production facility of Tur-
key (Kocabaşoğlu et al., 1996). The factory was not only a production 
facility but also an important symbol of the modernization of Turkey 
with the residential buildings, sport facilities, movie theatre, appren-
tice school, kindergarten, the newspaper - SEKA Post, etc. (Sarıoğlu, 
2013). With all these features, SEKA was going to be not only a factory, 
but also an important element which was going to serve as “dough of 
the civilization” for Turkey (Kocabaşoğlu et al., 1996). The factory had 
maintained this mission until it was made over to Kocaeli Metropolitan 
Municipality (URL-1).
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The Factories were designed and constructed by a German Com-
pany named Gutcoffnungshütte (G.H.H.) according to the plans designed 
by also a German company named Voith in 1934 and kept operating from 
1936 to 2005 (Kocabaşoğlu et al., 1996). The facility, which became the 
property of Kocaeli Metropolitan Municipality after 2005, was registered 
with the decision of Bursa Cultural and Natural Heritage Conservation 
Board, dated 11.02.2005 and numbered 412.

Along with the decrease in the production or end of the pro-
duction, new spatial developments start in the cities where indus-
trial areas are located. The reuse of non-functional heavy industry 
and port areas has been adopted to meet the new urban space needs 
emerging with growth as an extremely economical and environmental 
policy, both for the trade of historical images, which is now important 
for cities, and for the more balanced use of diminishing environmen-
tal resources (Tolga, 2006). Seka area as a non-functional industry 
area and a registered site by the conservation board is still in need of 
transformation.

In this study, the Grinding Mill Building, - property of Kocaeli 
Metropolitan Municipality - which is designed by Restart Architecture 
and Restoration is covered (Figure 1). The main aim of the project is to 
include the building which has been left unusable since 2005 to the city 
life again as a production facility but this time with a different program 
as an art museum. 

Besides the traces of the existing building and the period photo-
graphs; the measured drawings, reconstitution and restoration projects 
were used with the permission of the designer. Measured drawings 
were approved by Kocaeli Cultural and Natural Heritage Conser-
vation Board with the decision dated 27.04.2018 and numbered 
3467. The reconstitution and restoration projects were approved by 
the board with the decision, dated 26.10. 2018 and numbered 3495. 
The consultancy of the projects is also provided by the author of this  
article.
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Figure 1- Aerial Photo Of The Site (Google Earth, 2018).

2. Current Situation
Grinding Mill Building of the SEKA Paper Factory, which is located 

in İzmit, Kocaeli on the city block 3317 and parcel 1, has a location that 
is embracing the city center from the east of the factory. The building is 
located at a central point and it is convenient for pedestrian and public 
transport and private car access as there is a tram stop in the south and 
a parking lot in the east. The Science and Paper Museums are just to the 
west of the building. The Grinding Mill Building has been left idle since 
2005 when the factory ended its production (Figure 2). 

Figure 2-The Grinding Mill Building 
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The building, which is located on a flat area, consists of two separate con-
struction systems and two parts. There is a two -storied building which 
has a reinforced concrete structure on the South and the mill building has 
steel construction with a semi basement floor. In the reinforced concrete 
structured part, there is a mezzanine floor just above the first floor with 
steel construction. The building is detached from all directions and has 
entrances from the east, south and west facades. The structure is made of 
brick wall between reinforced concrete and steel construction. The roof 
is coated with slaty membrane over steel construction and has a slope to 
the east and west.

While the reconstitution projects were being prepared, the addition 
of this two-storied part (Figure 3) was accepted as the second period and 
reconstitution projects were prepared for two periods.

Figure 3- Concrete addition on the left 
The room in the north was created by a wall which was built afterwards, 
and an inauthentic steel staircase can be seen descending from the south 
of the wall. The staircase that goes down to the basement from the mid-
dle part on the western wall is the authentic staircase of the building 
(Figure 4, Figure 5).

Figure 4-Measured drawing of the ground floor of the building
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  (a) (b) (c)

The semi- basement floor of the building was flooded due to the under-
ground waters and because of the areaways subsequently closed. Although 
the water was drawn by pumps many times, the next day it was observed 
that the water on the floor was same as the previous day (Çelik Arısal, 
2018 a).

The entire building was scanned with a laser scanner and aerial shots 
were taken with a drone (Figure 6). Measured drawings were started 
based on the data obtained by these methods and traditional measure-
ment methods were also used for the details (Çelik Arısal, 2018 a). 

Figure 6- Laser Scanner Data Of The East Elevation 

Figure 5- Ground Floor Interior (a). Staircase descending to 
basement floor level (b), (c) 

Figure 7- Longitudinal Section 
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3. Reconstitution Phase
The construction process of the building consists of two separate 
periods. The first period has a single storied steel building which has a 
partial basement floor. The second period has an addition of a two 
storied rein-forced concrete building. Walls of the both buildings are 
made of bricks between the structural elements (Çelik Arısal, 2018 b).

The interventions that the building has undergone until today, have 
partially affected the plan scheme and facade identity. In the reconstitu-
tion projects for both periods, all the inauthentic additions were 
removed and also material losses on windows and doors, fall off of the 
plasters due to atmospheric conditions and negligence are detected on 
the basis of both measured drawings and old photographs. As a result, 
the recon-stitution projects were designed in accordance with its 
original form and design (Çelik Arısal, 2018 b).

Figure 8- Photo showing the first reconstitution period (Mehmet Ali 
Kağıtçı Library Archive).

Figure 9- Photo showing the second reconstitution period (Mehmet Ali 
Kağıtçı Library Archive).
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On the south facade, where the two-storied reinforced concrete addi-
tion (second period) is located today, it can be seen in the old photo-
graphs that there were strip windows at +2.90 level in the first period of 
the building. So, in the drawings of the first reconstitution period, the 
concrete building was removed and south facade of the building was 
reconstituted protecting the original facade identity of the first period 
also based on the old photographs (Figure 8). With the addition of the 
two-storied building, the strip windows on the south were blocked off 
(Figure 9). This facade represents the second period of the building 
which is still in the same condition today and it has an identity 
consisting of brick walls with two storeys which have iron-jointed strip 
windows. It has been determined that the windows are locally made 
shorter in the Y direction in order to pass the beam of the halfpace 
staircase which ascends to the first floor from the ground floor on the 
western part. It is thought that the two single iron doors which are 
nearly in the middle of the south facade were opened later within the 
scope of the second period (Çelik Arısal,  2018 b).

The eastern facade is the main entrance facade of the building. 
Today, there are two iron sliding doors. However, it has been seen that 
there are eight iron bolt doors in the old photographs (Figure 8). All of 
the doors in the original facade identity of the first period were 
reconstituted as it was in its original form. While the three ventilation 
shafts, seen from this facade, look original, another small one which 
could not be seen in the photographs was removed from the 
reconstitution projects. It was seen that the three ventilation flaps were 
built later, and they were removed from the reconstitution project as 
they did not have a place in the original facade identity. It is seen that 
the iron doors were reduced to two in the second period and all of the 
doors in the facade identity of the second period have been 
reconstituted as in its period (Figure 3, Figure 9, Çelik Arısal, 2018 b).

On the north facade; a single winged window (second 
period), known to have been added later, can be seen today. While 
this window was removed for the first period reconstitution project, an 
iron bolt door and on the upper side of the door, the strip windows are 
added to reach the original facade identity (Figure 10).

3.1. Facade Identity
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In order to ensure the identity of the original western facade, old 
photographs and the traces of the building itself were examined (Çelik 
Arısal, 2018 b). For the first period, the door in the middle, the windows 
on the northern part of the western façade were removed. Also, an iron 
staircase which was made for access to the roof was added to the north-
ern part of the wall same as on the southern part of the wall to reach 
the original facade identity of the first period of reconstitution. In the 
second period of the reconstitution, the strip windows on both levels of 
the con-crete building were reconstituted (Çelik Arısal, 2018b). 

Figure 10 – Photograph taken from the North – East of the 
building (Mehmet Ali Kağıtçı Library Archive).

Restoration Phase
While preparing the restoration project for the building, the data obtained 
from the survey works of the building, the restitution projects and the 
criteria needed for its new function were taken into consideration. 

3.2. Removed Interventions
The partial basement of the building, which is located under the sin-
gle-storied steel building, is preserved with its original plan scheme. 
In the basement floor, which was left as a single space, two stairs 
were identified in the survey studies. Since the stairs on the northern  
part of the building were not included in the restitution projects, they 



REFUNCTIONING OF AN INDUSTRIAL HERITAGE BUILDING 189

 were also removed in the restoration phase. And the original staircase 
of the building, which was attached to the western facade, was 
included in the restoration project (Figure 11). Since the current state 
of the staircase has lost its structural properties and does not provide 
sufficient security for the users, it has been suggested to re-project it 
from steel construction keeping its original position. 

Figure 11 – The staircases that are re-projected in the restoration phase 

It is known that the concrete part of the building was added in the sec-
ond reconstitution period, but within the scope of the requirements of 
the building which is aimed to be opened to public use with the func-
tion of an art museum, the spaces of this part were used out of necessity 
and the restoration projects were carried out in this direction (Çelik 
Arısal, 2018 b).

In this space; it has been determined that access to the first floor 
is provided by two stairs (Figure 12). The stairs on the south wall of 
the building affect the dimensions of the windows of the south façade. 
The second staircase, which corresponds to the middle of the north-
south axis of the building, affects the functional use of the space and 
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is not functional due to its inappropriate height. For these reasons, it 
was decided to remove both stairs and design a new staircase with the 
original railing detail which serves the current function of the building 
(Çelik Arısal, 2018 b).
      A steel mezzanine floor can be seen over the first floor in the two-
storied reinforced concrete part which was found to have been built 
later. While the restoration projects were being prepared, the steel 
mezzanine floor was removed based on the reconstitution projects of 
the building (Çelik Arısal, 2018 b).

Figure13– Mezzanine floor which is removed in the restoration projects 

Figure 12 – The two staircases ascending to the first floor of the 
reinforced concrete part 
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There are two iron doors on the south façade of the building (Figure 14). 
These doors were moved to the east facade for the security issues due 
to the new function of the building.  

Figure 14- South Facade Of The Building 

In the restoration projects, the toilet and shower units located in the 
east of the two-storied reinforced concrete part were also removed 
because of the new function of the building (Çelik Arısal, 2018 b).

     On the north side of the single-storied steel part of the building, 
there is a second space created with a divider wall (Figure 15). 
According to the reconstitution projects, this dividing wall and the 
connecting western door were removed and the building has been 
brought back to the original plan scheme and facade identity.

Figure 15- The additional wall creating a separate space 
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4.2-  Refunctioning The Building As An Art 
Museum

Restoration projects have been prepared for the building, which is the 
property of Kocaeli Metropolitan Municipality to be used as an ‘art 
museum’. In this context, the original form was preserved on the floor 
plans and facades, and restoration decisions were taken on the basis of 
the reconstitution projects of the building.

4.2.1- Partial Basement Floor
In order to eliminate the water intake problem in the basement floor 
plan, a drainage line was created and insulating the building for the 
foundation was proposed. The basement floor is planned to serve as a 
storage for the exhibition hall on the ground floor. Also the technical 
spaces will be located here. The additional staircase in the north 
direction seen in the measured drawings was removed, and the original 
staircase on the western wall was redesigned with a steel construction 
(Çelik Arısal, 2018c).

4.2.2. Ground Floor
Since the Seka Art Museum is designed to exist in one of the first 
production facilities of the republic, it was designed with reference to 
the production of the past, with production-oriented spatial decisions 
(Figure 16). 

Figure 16 – Ground Floor Plan 
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The information desk is located just across the glass section where 
the main entrance of the building is located. The entrance located with 
the aim of being able to dominate the corridors opening to both the 
exhibi-tion space and the workshops is the only spot where the building 
accepts guests for security reasons. The other doors will serve as a 
controlled entry-exit (Figure 16 (10), Figure 17).

Figure 18– Exhibition Area 

Figure 17 – Perspective looking at the entrance 

The exhibition area is flexibly designed for a multifunctional 
exhibition layout. The rail panel system designed in the exhibition area 
and the exhibition elements obtained from the cubes serve the 
functional use of the space. It helps with the aesthetic appeal of the 
space which is intended to be able to serve several exhibitions 
simultaneously and by hiding the rails inside the floors, the roof 
construction was exposed in its original form (Figure 156 (19), Figure 
18).
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There are workshops located on the right and left on the corridor 
extending from the exhibition space to the north and south. Lighting 
elements in the same direction emphasizing the corridor axis 
provide artificial light, while the skylights of the roof placed on the 
corridors provide natural lighting. In order for the rows of windows 
on the east and west facades to illuminate the corridors as well, the 
corridor facades of the workshops were completely processed with 
glass partitions walls. iron. The names of the workshops will be written 
on these plates (Figure 16, Figure 19).

The kitchen workshop located in the cafeteria overflows into the steel 
structure from the north part of the space. This overflowing part 
creates a viewing space with the glass partition placed in front of it. So, 
the kitchen workshops carried out inside or the use of the kitchen in 
daily routine can be watched by the guests (Figure 16(3), Figure 20).

Figure 19- Workshops seen from the corridor  

Figure 20 – Kitchen Workshop Area 
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The classrooms are designed to serve as three separate spaces or they 
can be combined to form a single larger classroom. Although the 
walls of the workshops facing the corridors are planned to be 
completely transparent, there is occasional use of opaque glass, which 
is determined according to the needs inside the space. The opaque 
glasses used for the classrooms are placed on the axis where the 
teachers’ desks are located (Figure 16, Figure 21).

Figure 21 – Classrooms 

The cafeteria, which is designed on the ground floor of the two-
storied reinforced concrete part of the building, is also planned in 
accordance with interactive service with a kitchen where the local 
delicacies of Kocaeli will be exhibited. The terrace area in the east was 
also functioned to serve the cafeteria (Figure 16, Figure 22).

Figure 22 – View from the cafeteria
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4.2.3. Upper Floor
On the upper floor of the reinforced concrete part of the building, there 
is Mustafa Kandıralı Music Workshop and the units belonging to the 
workshop. While arranging the spaces on this floor, the design is 
created by considering the relationship of the music workshop units 
with each other in a technical sense. Transparent dividers have been 
placed between the rehearsal room and the recording room, and a 
musical instrument warehouse that can be easily accessed from the 
classroom has been planned (Figure 23).

Figure 23 – First Floor Plan 
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4.2.4. Landscape and Environmental Design Of 
The Building
The fact that the Seka Grinding Mill Building is a registered 
industrial heritage has guided the design to preserve its rational 
identity on the facade and not to ruin its original design. In order to 
emphasize the main entrance of the building, orientation axes were 
designed with the land-scape and an arch which is designed 
disconnected from the building. The cubes formed in the north and 
south of the arch create social reinforce-ment spaces, and the green 
areas that are attached provide orientation and landscape integrity 
(Figure 24).

Figure 24 – Landscape and the entrance of the building 

4. Conclusion
After Seka was closed in 2005 and transferred to Kocaeli 
Metropolitan Municipality, an industrial facility in the city fell into 
an inactive and unproductive state. The transformation of the area as 
a public space started with an arrangement of a recreational area under 
the name of Seka Park in 2008. Then in 2016, one of the most 
important production-oriented struc-tures of Seka was transformed 
into Paper and Science Museums (URL-2, 2022). The traces of paper 
production in Seka have been symbolic and to a limited extent then.
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limited extent since then. The contribution of the area to the city life and 
culture is provided in a limited way through only a recreational area, cafe-
terias, two museums and such spaces. Due to the problems brought about 
by the transportation plans of the city, the site is no different from a social 
reinforcement area in the periphery of the city. This is because transporta-
tion by vehicle is almost compulsory although it is located in the city. 

Seka Grinding Mill Building has a privileged location as it is located 
in the eastern part of the Seka complex, facing the city center. The wish 
for a production-oriented design by Kocaeli Metropolitan Municipal-
ity was the most important starting point for the restoration projects. 
With Kandıra Fabric, Hereke Carpet, Karamürsel Basket Workshop, 
Karamürsel Galley Model Ship, painting, ceramic, music workshops and 
classrooms, a restoration project in which production plays a leading role 
was designed. It was hoped that the production-oriented setup provided 
by the design would be a new way to reach new factories; new living 
spaces and cultures from these factories with production branches that 
were aimed to be born from the ashes of an area that was once the ‘dough 
of the civilization’ and to be passed on to future generations, just like the 
master-apprentice relationship as we had in the past.
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Introduction 
The city is a physical, spatial and social environment that is formed as a 
result of the accumulation of physical, social and cultural processes belong-
ing to different periods during its existence (Birol, 2007). Urban transfor-
mation includes the risky soil structure of a part or a significant part of 
the city, systematically determining the risk values of the existing building 
stocks against possible earthquakes, demolition in a possible earthquake 
and damaging other structures in the vicinity while being demolished. It 
is expressed as one of the public works carried out in order to take the 
ground and risky structures out of use and replace them with foundations 
suitable for the structure of the soil ground, thus minimizing the loss of 
life and property that may occur in possible earthquakes (Anonim, 2022). 

In Niğde, after the First World War and the Second World War, 
there were periods when urban transformation came to the fore. The 
construction of the cities destroyed in the wars was planned as an urban 
transformation, and preserving the cultural and historical values of the 
cities was a priority (Anonim, 2022a).

The concept of “Urban Transformation” came to our agenda with the 
Law No. 6306 on the “Transformation of Areas Under Disaster Risk” 
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prepared in 2012. In this law, there are two definitions called ‘Risky 
Structure’ and ‘Risky Area’. As a result of the fact that the public began 
to express the process of making risky buildings resistant to earthquakes 
with the concept of “Urban Transformation”, the law numbered 6306 
has been expressed as the Urban Transformation Law (Anonim, 2022a).

Within the scope of urban transformation, the selection of the res-
idences to be proposed to the property owners from regions and places 
other than the existing properties of the property owners has led to crit-
icism. The weakening of the environment and neighborhood relations in 
sociological terms in public living areas, and the proposal of places that 
will not correspond to the full value of the left space, as the real estate 
value of the buildings will increase more quickly with urban planning, 
has brought up another problem. Thus, the urban distribution began to 
progress to areas far from the city center. The buildings close to the city 
center appear either as commercial areas or as high-cost living areas.

The high demand in the city center caused the construction of 
multi-storey and successive buildings, and the decrease in green areas. In 
areas suitable for zoning areas that are far from the center, importance 
is given to the number and size of green areas. Due to both increasing 
population and migration, a lot of buildings are needed. Planned and 
multi-storey new residential areas are being created.

Urban parks are organized in order to serve more people in places 
where buildings are concentrated. Urban parks have also shaped the 
changing states of the landscape and the forms of relationship it estab-
lishes with the city, in the process spanning from the creation of nature 
within the city to the debates in which the city is interpreted as a land-
scape today. However, landscape-oriented urbanism approaches (such as 
landscape urbanism, ecological urbanism and infrastructural urbanism), 
which have undoubtedly been on the agenda for the last 20-30 years, 
have expanded the theory and practice of landscape; Many cities have 
adopted the necessity of addressing urban development and landscape in 
an integrated framework (Bütüner ve Sert, 2021).

Ensuring the sustainability of cities with new approaches is not only 
limited to big cities, but also reflected to developing cities. The city of 
Niğde does not have enough green space due to its location. Evaluations 
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have been made about whether the recreational areas built within the 
scope of urban transformation and to be built in the future are sufficient 
in number.. 

Efendibey neighborhood, which was chosen as the research area, 
was home to unplanned detached houses, animal breeding areas and 
small agricultural areas before the urban transformation. With the urban 
transformation, more planned and organized spaces have been created. 

Material and Method
Efendibey Mahallesi is located at latitude 37.975948 and longitude 34.681824. 
As a district/neighborhood, it is connected to Efendibey District and Merkez 
district. Efendibey Mahallesi GPS coordinates are 37° 58´ 33.4128” and 34° 40´ 
54.5664” (Figure 1). (Anonymous, 2022b).

Figure 1. Research Area

Active green area (national garden, residential gardens and neighbor-
hood parks) was determined in Efendibey neighborhood, which is the 
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research area, and the amount of green area per capita was calculated by 
proportioning to the population. 

The total size of the active green areas (national garden, site gardens 
and neighborhood parks) in Efendibey District was calculated and eval-
uated as 330336,42 m2. 

Research Findings
The change of Efendibey neighborhood between 2009 and 2021 has 
been examined, and it has recently turned into a planned and regular 
neighborhood with urban transformation (Figure 2).

Figure 2. Images of 2009 and 2021

As seen in Figure 2, while the unplanned and agricultural area is dom-
inant in the image of 2009, it is seen that the planned and active green 
area is included in the image of 2021. When the population increases in 
the researched area, the amount of green space will be insufficient. 

Looking at the Niğde city data, there are 69 neighborhoods in the 
city center (Table 1). The most densely populated place is Aşağı Kay-
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abaşı, while Efendibey takes the second place. When we look at the bor-
ders of Efendibey district, some of them are in the city center and some 
of them cover the more rural area of the city where the mines are located. 

Table 1. Niğde City Central Neighborhoods 2021 population 
information (TUIK, 2021)

Neighborhood 
Name

Total 
Population

Male  
Population

Female 
Population

1 AşağıKayabaşı 36.761 18.484 18.277
2 Efendibey 23.989 11.906 12.083
3 Selçuk 21.837 11.305 10.532
4 İlhanlı 21.675 11.392 10.283
5 Fertek 8.871 2.925 5.946
6 Şahinali 7.456 3.694 3.762
7 İnönü 6.863 3.393 3.470
8 Dere 6.818 3.377 3.441
9 Yenice 5.680 2.742 2.938
10 Yukarı Kayabaşı 5.045 2.506 2.539
11 Şahsüleyman 4.090 2.049 2.041
12 Hürriyet 3.424 1.805 1.619
13 Şehitler 3.284 1.672 1.612
14 Nar 3.167 1.632 1.535
15 Eskisaray 2.515 1.237 1.278
16 Cumhuriyet 2.010 1.059 951
17 Yeni 1.827 910 917
18 Kumluca 1.778 868 910
19 Yeni 1.610 802 808
20 Aşağı 1.575 846 729
21 Burhan 1.487 757 730
22 Yeni Gümüş 1.486 724 762
23 Zafer 1.476 740 736
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24 Cumhuriyet 1.431 721 710
25 Hürriyet 1.419 694 725
26 Hürriyet 1.383 722 661
27 Fatih 1.373 722 651
28 Çayır 1.313 659 654
29 Yeni 1.273 672 601
30 Cumhuriyet 1.270 657 613
31 Eski Gümüş 1.266 621 645
32 Cumhuriyet 1.243 619 624
33 Zafer 1.141 560 581
34 Yavuz 1.136 600 536
35 Hürriyet 1.133 604 529
36 Yeni 1.084 563 521
37 Cumhuriyet 1.073 572 501
38 Bahçelievler 1.060 513 547
39 Cumhuriyet 1.036 539 497
40 Milliyet 942 504 438
41 Yeni 938 486 452
42 Esenbey 930 470 460
43 Yukarı 928 463 465
44 Saruhan 920 445 475
45 Hürriyet 912 456 456
46 Aşağı 908 461 447
47 Fatih 867 447 420
48 Yukarı 850 437 413
49 Aşağı 842 434 408
50 Dumlupınar 833 415 418
51 Fevzipaşa 760 368 392
52 Hürriyet 744 364 380
53 Sırali 736 402 334
54 Yeni 726 384 342
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55 Devlet 689 349 340
56 Cumhuriyet 681 345 336
57 Yenice 633 317 316
58 Yukarı 502 275 227
59 Songur 420 210 210
60 Hüyük 352 190 162
61 Cumhuriyet 343 170 173
62 Orta 336 163 173
63 Ahipaşa 255 138 117
64 Fatih 253 117 136
65 Balhasan 237 123 114
66 Boğaziçi 230 121 109
67 Hamamlı 191 98 93
68 Kale 142 84 58
69 Alaaddin 51 32 19

Since the boundaries of Efendibey District, which has an area of 
26,194,141,40 m2, are located between the city center settlements 
and rural settlements, a very small part of the study area; The area of 
4,280,747.73 m2 is located within the urban settlement pattern. The 
total size of the active green areas (national garden, residential gardens 
and neighborhood parks) in Efendibey District was calculated and eval-
uated as 330,336.42 m2. The urban settlement structure and therefore 
active green areas are located close to the city center, as seen on the map, 
within the housing pattern and serve the individuals there. 

Efendibey District, chosen as the study area, is the second largest 
district among Niğde Merkez districts in terms of population. Urban 
transformation in Efendibey neighborhood took place approximately in 
2015. After 2018, the settlements were completed. When the population 
change table is evaluated by years, the highest jump occurred in 2019 
(Table 2). As the reason for this growth; Urban transformation projects of 
Efendibey Neighborhood and housing development in residential areas 
can be shown. In Efendibey neighborhood, the population increased by 
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only 4953 people from 2019 to 2021. The amount of active green area in 
the research area was determined as 330,336.42 m2.  

While the amount of green space per capita in 2019 was 17.33 m2, 
it was determined as 15.49 m2 in 2020 and 13.75 m2 in 2021. It has 
decreased by 3.68 m2 in 3 years. If the increase continues in the following 
years, there will be no green areas after 10-15 years. Within the scope 
of urban transformation, new settlement areas will not be included in 
the city center in the research area. With the urban transformation and 
increasing population, the amount of green space per capita decreases. 
The population that will increase due to migration or other reasons will 
also decrease the amount of green space per capita.

Table 2. Efendibey Neighborhood Population Change by Years 
(TUIK,2021)

Year Total Population
2021 23.989
2020 21.293
2019 19.036
2018 15.736
2017 14.634
2016 14.377
2015 14.833
2014 14.697
2013 14.234
2012 14.108
2011 13.721
2010 12.410
2009 11.378
2008 11.001
2007 10.838

However, it may be possible to prefer vacant lands as residential areas in 
the surrounding area. The fact that Efendibey neighborhood covers the 
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rural area and there are lands that are not suitable for agriculture will 
enable this area to be considered as a residential area. 

Results
With the decrease in the products and profits obtained from the agri-
cultural activities of the villages around the city of Niğde, migration to 
the city center started due to unemployment and education. In addi-
tion, the population in the city center has increased recently with the 
arrival of Syrian immigrants and Afghans.  The observation and exam-
ination studies carried out in the study show that the number of build-
ings is increasing day by day in the areas open to development and where 
unplanned urbanization is dominant in the city. Active and passive green 
areas are given importance while transitioning to planned settlement in 
areas where zoning has increased. 

These approaches have led to the creation of new solutions that pro-
vide many benefits to the city. With these approaches, of which we can see 
design examples in many world cities today, new opportunities are cre-
ated by offering sustainable solutions to current problems. In providing 
these opportunities, especially local administrations have a duty to direct 
the designers and the demands of the users. Sustainable urban devel-
opment can be achieved by integrating these different and innovative 
approaches of urban landscape designs into the decisions taken by local 
governments regarding the future of the cities within the framework of 
sustainability, the goals they set and their targets in this direction. Urban 
areas, where innovative urban landscape approaches can be applied most 
easily and quickly, are newly developing areas in cities (Tezgör, 2021).

It has been proven by many studies that green areas have a posi-
tive effect on people. The importance of nature has become even better 
understood all over the world. The protection of nature and ensuring 
its continuity are important criteria for the life of all living things. Our 
country is trying to contribute to nature with planned urbanization. It 
will be possible to associate nature-oriented landscape works, green areas 
in small parts that have lost their context in the city today, and green 
areas increasing with urban transformation with new and large connec-



ENGINEERING AND ARCHITECTURE SCIENCE210

tions. With the designed active and passive green areas, it will be possible 
to ensure the integrity of the above-ground assets and create effective 
areas that the city needs. 
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1. Spatial Planning
Spatial planning, in general, is a process that involves making assump-
tions about the environment and the future lives of people who will 
utilize it in specific and restricted stages based on their requirements 
and then making environmental decisions based on these assumptions. 
Each step’s outputs serve as inputs for the subsequent stage. The orga-
nizational structure is hierarchical. As a result, the outputs’ correctness 
is critical. It is vital to contemplate the unpredictability of the future, 
be receptive, strike a balance between requirements and opportuni-
ties, and make optimal use of available resources during this process 
(İlgar, 2016). In other words, “spatial planning,” which defines which 
activities will take place where and at what scale, is characterized as 
a dynamic process within the sustainable development framework by 
describing the development of regional and metropolitan infrastruc-
ture and its management based on these decisions. While it aims to 
__________________
* This study was produced from the Ph.D. thesis titled "Evaluation of The 
Change in Urban Land Use within the Context of Strategic Spatial Planning: 
Istanbul Riva Case" completed at Bartın University Graduate School Department 
of Landscape Architecture in 2021.
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improve individuals’ living standards by regulating the distribution of 
social and economic activities within space, it also necessitates cooper-
ation between the economic and social sectors regarding space-related 
applications (Gürbüz, 2012).

As a more passive, pragmatic, and localized kind of planning, spatial 
planning aims to regulate how space is used through a zoning system. 
The comprehensive nature of land use planning stands in stark con-
trast to the ever-dwindling availability of resources. A more adaptable 
system was required to react more rapidly and effectively to changing 
social and economic situations (Kreukels, 2000; Albrechts, 2004). Spa-
tial planning and regional planning are distinct ideas in terms of scale 
and scope and should not be confused. Spatial planning is more upper 
scale than regional planning since it depicts the distribution of built 
and natural environment elements. The distribution of these elements 
as defined by the spatial development strategies developed in this 
environment needs physical and social interventions that offer new 
chances for achieving goals. Local, regional, and international spatial 
plans are utilized to impact spatial development dynamics (Gürbüz, 
2012).

2.  Reflections of Changes in the Globalization
Process on Urban Planning

Globalization’s social, political, economic, and technical changes affects 
urban systems as well, and the traditional planning approach could not 
produce answers to the problems of the new urban systems. Accelera-
tion of information flow with technology, rapid increase in population, 
the emergence of spatial problems with increasing population, changes 
in socioeconomic living conditions, loss of importance of national bor-
ders and global world understanding gaining importance, the transition 
from the management approach to the governance approach and the 
prominence of communicative rationality had an impact on planning 
theory and practices (Tekeli, 2004; Tekeli, 2009; Kotan, 2008; Bülbül, 
2014).



A THEORETICAL OUTLINE OF STRATEGIC SPATIAL PLANNING 213

The change experienced in planning with postmodern ideas 
has occurred in the form of a transition from rational comprehen-
sive planning based on instrumental reason (result-oriented planning 
approach) to participatory planning based on communicative rational-
ity (process-oriented planning approach). The process-oriented plan-
ning approach was chosen to foster an interactive planning process in 
which all essential stakeholders collaborate and find consensus at each 
level of the planning process. This transition to participatory planning 
might be defined as this approach (Tekeli, 2009; Kulözü, 2011; Bülbül, 
2014).

The Traditional Spatial Planning approach is unable to adequa-
tely provide a relationship system between spatial development and 
socioeconomic development; it fails to connect urban, regional, and 
local planning frameworks and scales; it lacks integration between 
short, medium, and long term projects; and it encounters significant 
problems such as not ensuring the participation of all stakeholders in 
the process (Göksu, 2006; Özalp, 2006). For all of these reasons, addi-
tional research into planning techniques has been done. Especially in 
1980 and later with the dominance of postmodern thought, a plan-
ning approach that emphasizes communication, negotiation, intera-
ction, and participation has been adopted instead of the traditional 
planning approach (Göksu, 2006; Özalp, 2006; Bülbül, 2014). The 
1990s saw an increase in a strategic approach to space organization 
at various scale levels. Strategic planning, which has the ability to 
combine solutions of complex problems and strategic visions with 
short-term actions, involves designing shared futures and developing 
common assets (Albrechts, 2004). It took time and effort to apply this 
approach throughout cities which is defined as Strategic Planning. 
It started to be implemented first in some European and American 
cities and then in Asian cities (Özalp, 2006; Şimşek Deniz, 2014). 
Table 1 summarizes the features of Traditional Planning and Strategic 
Planning.
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Traditional Planning Strategic planning
Short-term Long-term
Single topic Multiple topics

Organizational issues Social issues
Hierarchical order Not hierarchical

Low interest High interest
Directive based Agreement based
Employee-based Citizen-based

Management based Policy-based
Employee awareness Public awareness

Operational focus Political focus

SSP (Strategic Spatial Planning) is fundamentally different from tra-
ditional planning methodologies. Traditional planning is a planning 
method in which there is legally binding in a hierarchical structure; plan 
decisions remain constant, and the planning boundary is defined inside 
the management boundary. SSP, which is the adaptation of the strategic 
planning method to cities, is defined as a method that prioritizes net-
working and participation, is not legally binding, is based on possibility 
and flexibility (Sınacı, 2009).

Traditional planning tools have proven useless in recent years in con-
temporary cities and urban regions, as states of stability reflect certainty 
and are intended to offer a single clarity to the problems to be handled. 
In most traditional spatial planning initiatives, the emphasis is obviously 
on producing a plan, with public participation producing as a means to 
an end, but in SSP, the plan is a means of producing change, among 
other things. Since traditional spatial planning has almost no potential to 
incorporate strategies, strategic spatial planning entails significant con-
tributions, procedural competencies, and key actors contributing to the 
acceptance, essential support, and legitimacy (Albrechts and Balducci, 
2013).

SSP is a form of planning that adopts a long-term approach, is more 
adaptable and comprehensive than traditional planning, and adopts 

Table 1: Traditional Planning and Strategic Planning Features (Özalp, 2006; 
Şimşek Deniz, 2014).
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competition and democratic thinking. It is not only a matter of land 
arrangement, as with traditional planning. Unlike traditional planning, 
it is a collaborative process involving several stakeholders, not only local 
governments. In traditional planning, the planner works as a technical 
staff member, but in strategic spatial planning facilitating communica-
tion amongst stakeholders. SSP develops short, medium, and long-term 
decisions; the plan is implemented through monitoring, feedback, and 
revision (Özalp, 2006; Şimşek Deniz, 2014). The general distinctions 
between the plans are summarized in Table 2.

Table 2: Differences Between Traditional 
Planning and SSP (Sınacı, 2009).

Traditional Planning Strategic Spatial Planning

Responsible 
Institution

It is made and outsourced by 
public institutions with areas 
of responsibility within a 
particular hierarchy.
Often, the actors and actions 
necessary to reach the final 
state are not questioned.

It is produced with the 
cooperation of a networked 
organization coordinated by a 
public or private institution but 
works horizontally and under 
identical conditions at all stages.
All components of the current 
situation participate in the 
process in line with their 
internal-external environment 
and interaction with each 
other and the selection of 
different decision-making 
mechanisms.
It puts more emphasis on 
actors and actions.
Outvariables are a 
constantly changing range 
of probabilities rather than a 
standardized list of estimates.
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Table 2: Differences Between Traditional  
Planning and SSP (Sınacı, 2009) (continues)

Traditional Planning Strategic Spatial Planning

Legal Status It is included in national laws 
on spatial planning; it is legally 
binding.

It does not have to be legally 
binding; it can also be done as a 
voluntary action.

Plan Form It consists of maps and its 
annexes, in which the forms, 
sizes, population densities of 
the land uses are determined 
precisely.

Consists of a written document 
containing multisectoral strate-
gies and objectives that do not 
necessarily have to be spatial but 
directly or indirectly impact spatial 
development and a general phy-
sical diagram showing the main 
strategies.

Plan Boundaries It is done within administrative 
boundaries.

Administrative borders can be 
crossed. Because the relations in 
the space (institutional, sectoral) 
can go beyond administrative 
boundaries.

Contents Current trends are assumed to 
continue.
It is based on physical develop-
ment; it may indirectly include 
other sectors.
It is about setting goals and 
targets and adapting them to 
the current budget and working 
conditions.
The most probable future con-
ditions are tried to be arranged.

It is assumed that there may be 
new trends, discontinuities, and 
surprises.
Physical, social, economic, envi-
ronmental, cultural, and orga-
nizational development issues 
are handled in a complementary 
manner.
It is more concerned with iden-
tifying and resolving problems in 
the research area.
Represents plans that include 
qualitative change-transformation 
and forecasting.
An attitude is followed in which 
possible futures are constantly 
monitored.
The knowledge and skill 
experience of the person in the 
leadership or managerial position 
is of great importance.
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Table 2: Differences Between Traditional  
Planning and SSP (Sınacı, 2009) (continues)

Traditional Planning Strategic Spatial Planning

Time Limit There is a long-term plan-
ning approach to implement 
strictly defined land-use 
decisions.

The vision is long-term. 
However, a continuous project 
proposal can be developed 
regarding this vision; the time 
limit is mentioned according 
to the project’s content.

Main Purpose It is aimed to regulate and 
control physical develop-
ment.

It aims to provide commu-
nication, informatics, and 
transportation infrastructures, 
increase urban competiti-
veness with strategies for 
encouraging domestic and 
foreign capital, and incre-
ase the quality of urban and 
environmental life by protec-
ting local values following the 
sustainability principle.

3. Strategic planning
Strategic planning possesses the characteristics of being adaptable, trans-
parent, long-term, and participation in nature, as it is the process of ensur-
ing the development of a business, institution, or city by utilizing available 
resources most effectively, within the confines of a predetermined vision 
that serves as a general guide. The contribution and collaboration of inter-
ested parties, appropriate authorities, administrators, and individuals at 
all levels during the planning process enables a future based on common 
values to be included in planning. Strategic planning is outcome-oriented, 
adaptable, dynamic, and a foundation for accountability. Due to these 
characteristics, it is necessary to frequently assess and change the plan to 
changing situations and demands. Rather than the result, the planning 
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process is critical in strategic planning because it establishes ownership of 
the plan and its implementation (Özalp, 2006; Levend, 2008).

The most critical step of the strategic plan development process is 
the decision to create the plan, the management’s commitment to mak-
ing the plan decision, their confidence in managing the plan, and the 
formation of the planning team and beginning work. Within the estab-
lished vision, objectives are defined, and methods for achieving them are 
produced (Özalp, 2006). Strategic planning includes determining “where 
we are, where we want to reach, how we can reach there, and how we will 
follow and evaluate our progress.” The strategic planning management 
process comprises the responses to these questions (DPT, 2006). Table 3 
summarizes the strategic planning management process.

Table 3: Management Process Of Strategic Planning (DPT, 2006).

Plans and Programs
SWOT (Strengths-Weaknesses-Opportu-
nities-Threats) Analysis
Stakeholder Analysis

SITUATION 
ANALYSIS WHERE ARE WE?

The reason for the existence of the orga-
nization
Basic principles

MISSION AND 
PRINCIPLES

WHERE DO WE 
WANT TO REACH?

Desired future VISION
Aims to be achieved in the medium term
Specific, concrete, and measurable objec-
tives

AIMS AND 
OBJECTIVES

Methods of achieving aims and objectives STRATEGIES
Detailed business plans
Costing
Performance program
Budgeting

ACTIVITIES 
AND PROJECTS

HOW CAN WE 
REACH?

Reporting
Comparison TRACING

HOW DO WE 
FOLLOW AND 
EVALUATE OUR 
SUCCESS?

Feedback
Determination of measurement methods
Performance indicators
Evaluation of implementation progress 
and results

PERFORMANCE 
MEASURE-
MENT AND 
EVALUATION
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4. Strategic Spatial Planning
Mazza (2000) defines SSP as a spatial strategy for the society that 
encompasses spatial development strategies for physical, sociocultural, 
economic, and managerial-institutional sustainability. It also adopts 
a communicative and collaborative planning process (Bülbül 2014). 
According to Healey et al. (1999), “by emphasizing how this planning 
approach fosters the process of creating local institutional capacity for 
shaping the future, they demonstrate how strategic planning is an active 
social process that transforms inter-institutional interactions and pol-
icy agendas” (Kotan, 2008). According to Mastop (1999), “it underlines 
that interaction (networking, variety of solutions, stakeholders) is just as 
essential as content (problems, goals, and tools)” in strategic spatial plan-
ning. (Bülbül, 2014). According to Konuk (2003), “within the framework 
of modern planning principles, it is an integrated collection of actions 
founded on an entrepreneurial basis that generates resources with the 
goals of economic, cultural, and social development and restructuring in 
the whole city or in different regions. It is the understanding of integrat-
ing the projects, transformations and dynamics envisioned for the city 
in a coordinated manner. It is a tool that assumes all the responsibilities 
associated with the change process, as well as ensuring the reproduction 
of the space through public participation, and includes participation and 
openness in this direction” (Kotan, 2008).

SSP is the application of strategic planning method and manage-
ment for urban areas. Within this framework SSP prioritizes programs, 
budget and action plans that incorporate long- and medium-term visions 
and goals for the city’s spatial problems. Additionally, it is a complex, new 
and holistic approach that places a premium on participation aims to 
produce and develop locally specific outcomes at the economic, physical, 
social, cultural, and organizational levels of cities/regions and employs 
a systematical perception of spatial problems (METREX, 2003; Özalp, 
2006; Ersoy, 2007; Kotan, 2008; Bülbül, 2014). In general, cities/urban 
areas undertake the SSP process with the goal of “thinking about the 
future,” “integrating the decision-making process”, and “developing coor-
dinating mechanisms” (Albrechts and Balducci, 2013).
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Given the critical role of cities and urban areas in ensuring a sustain-
able future, several cities, and urban districts are utilizing SSP, a trans-
formational and integrative public sector initiative, to achieve sustainable 
development and construct a coherent spatial development strategy 
(Hersperger et.al., 2020). Since the 1990s, SSP has become more preva-
lent at the urban-regional level in Europe to solve economic, social, and 
environmental challenges. The overarching objective of the transition to 
SSP has been to produce a coherent spatial development strategy that 
would guide the medium- and long-term development of urban districts, 
frequently in combination with specific strategic urban development 
projects (Hersperger et.al., 2019).

SSP, a social process in which diverse stakeholders from diverse insti-
tutional contexts collaborate to produce strategies and projects for man-
aging spatial changes (Healey, 2009; Kunzmann, 2013), is increasingly 
being used globally to build a collective vision to guide urban district 
development (Hersperger et.al., 2019).

SSP entails both planning and executing the plan. The phase of plan-
nig strategic spatial planning includes the development of visions and 
decision-making frameworks for representing, managing, and influenc-
ing urban developments. This phase’s preliminary result is often a plan 
that includes strategic urban projects and an overall development strat-
egy for the urban region. Plans are the order of a selection of selected 
topics (settlement, transportation, green infrastructure, etc.) in which 
they establish a long-term vision and short-term activities to be gen-
uinely strategic (Albrechts and Balducci, 2013). Along with visual fea-
tures such as plan, diagram, map etc, it includes a textual portion that 
explains the socio-economic and ecological environment, sets forth and 
justifies spatial planning goals and strategies, and gives implementation 
and monitoring instructions (Hersperger et al., 2019). At the planning 
stage, a complete examination of the current state and surrounding envi-
ronment is made, revealing all relevant conditions. The objective and, 
consequently, the vision are presented realistically according to the out-
comes and conditions. Then, within the defined vision, goals and strate-
gies for achieving these goals are determined. Alternative constructs are 
determined using the most effective participative approach possible to 
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accomplish goals and objectives and build action strategies for associated 
challenges. Detailed business plans and budgeting studies are carried out 
to implement the preferred plan (Şentürk, 2005).

The implementation phase of a strategic spatial planning, on the 
other hand, refers to the process of translating plans into urban changes, 
as it promotes expected to change while avoiding unwanted activities 
and developments (Hersperger et al., 2019). The process and task are 
followed, appropriate adjustments are made if deemed, and evaluation 
and performance measurements are supplied (Şentürk, 2005).

In the strategic programming stage, strategic goals and action plans 
are developed. The tactics to be implemented to achieve these goals and 
plans are determined, every scenario created in line with the scenario 
using the 5W-1H (What, Why, When, Where, Who, How) technique 
to guide the decision-making and implementation process, is determined 
by what the project is, by whom, for what purpose, at what time or stage 
within the overall target, in what setting, and in which area within the 
study area (Mert et.al., 2011). Figure 1 depicts the SSP process.

Figure 1: Strategic Spatial Planning Process (Mert et.al., 2011).

With the SSP approach (Mert et.al., 2011):

• Developing a sustainable planning process that takes into 
account the social benefits, not the individual,
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• Developing the potentials of the selected area,
• Establishing city-policy-urbanization-economy-culture 

relations,
• It is in question to create a planning process and application

suitable for the selected area locality.

Strategic Spatial Plan is the plan that is (Yıldız, 2006): 

• Providing the spatial organization of country development
policies, regional development strategies, and regional plan
decisions,

• Transferring policies and decisions at the country and regional
level to lower level plans,

• Determining spatial strategies for the protection and
development of natural, historical, and cultural values,

• Integrating and harmonizing sectoral decisions with their
spatial dimensions at the country level,

• Determining spatial strategies for urban and rural settlements, 
transportation system and orientation of social and technical
infrastructure,

• Guiding the determination of investment locations,
• Prepared in schematic and graphic language at the country

and regional level, which is a whole with the sectoral and
thematic maps and reports.

5.  The Role of Landscape Architecture in
Strategic Spatial Planning

Landscape architecture plays an essential role in the process of integrative 
spatial planning. Because landscape architecture contributes to inform 
planning and resource management, one may argue that it improves the 
overall quality of city planning and substantially contributes to strategic 
planning. As such, landscape architecture is an essential science to bridge 
scientific disciplines and enhance collaboration across planning stake-
holders (Wu, 2013; Wang et.al., 2014; Hersperger et.al., 2020).
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When evaluating landscape architecture’s role in contemporary SSP, 
a framework should be used that focuses on how plans leverage the inte-
grative power of landscape, how plans are informed by knowledge of the 
workings of landscape systems, and how plans demonstrate landscapes’ 
contribution to human well-being. The method of incorporating eco-
logical sustainability in SSP has varying degrees of impact in urban and 
urban regions. According to the researches, incorporating elements such 
as green infrastructure, ecosystem services etc. within the plan boosts the 
impact of SSP (Bjarstig et.al., 2018; Grădinaru and Hersperger, 2019; 
Hersperger et.al., 2020).

It is essential to establish study-specific criteria for evaluating strate-
gic spatial plans and for improving the integration of landscape architec-
ture as a professional discipline into strategic spatial plans. The landscape 
is a holistic concept that is expected to be mentioned in context with a 
variety of environmental and social issues, including agriculture, water 
management, forestry, nature conservation, biodiversity, green infrastruc-
ture, resilience, sustainability/sustainable development, environmental 
aesthetics, branding, tourism, and recreation. The landscape’s inclusivity 
includes the biophysical, socio-cultural, and aesthetic dimensions of a 
holistic view of the landscape (Herperger et.al., 2020). The plans make 
use of the landscape’s integrative capacity. As a result, several discourses 
and approaches have given tools for harnessing the landscape’s integra-
tive potential and have been formed by various geographic, thematic, and 
administrative settings (Sayer et.al., 2013; Pǎtru-Stuparu et.al., 2016; 
Mann et.al., 2018). The common purpose is to engage diverse stake-
holders in collaborative efforts to build integrated policies and plans 
for achieving sustainable landscapes. Additionally, because the frequent 
adaptation of plans to a dynamically developing landscape aims to min-
imize future uncertainty over time, it is essential to prioritize adaptive 
management as a suitable process for addressing this uncertainty (Sayer 
et.al., 2013; Hersperger et.al., 2020).

In SSP, landscape plans significantly contribute to the quality and 
importance of the place, providing active and passive recreation oppor-
tunities, natural and cultural heritage sites etc. For this reason, landscape 
management is a critical component of the strategic plan that should be 
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addressed. Additionally, projects, platforms, initiatives, or various activities 
that support landscape values enable community-based landscape initia-
tives in terms of landscape management and strategic spatial plans. Addi-
tionally, the structural elements of the plans demonstrate an awareness of 
the landscape. In urban settings, it is critical to actively and correctly man-
age the landscape to make recommendations for enhancing the environ-
ment’s role in SSP (Hersperger et.al., 2020). The similarities in the way 
the landscape is managed in cities and urban regions within the context 
of strategic spatial planning include establishing goals and strategies in 
the protection-use context of natural and cultural characters. Hersberger 
et.al. (2020) also demonstrates that, while strategic spatial plans are often 
focused on economic development, regions are developed for housing, 
economic activity, and transportation, and all plans include explicit refer-
ence to the landscape. Each city has developed strategies based on a holis-
tic, sociocultural, biophysical, or aesthetic point of view in terms of their 
unique landscape value. As stated in Şahin et.al. (2014)’s study, landscape 
protection and development strategies reveal the protection and use value 
of a landscape. Therefore, management strategies should be included in 
the production of landscape strategies from a holistic perspective. It is 
critical to design strategies and policies for the restoration, enhancement, 
development, and protection of the landscape in this context.

Landscape architecture helps to spatial planning, particularly SSP, by 
providing an inclusive approach that takes a landscape’s natural-ecolog-
ical character and its socio-cultural identity, and sense of the place. To 
discuss landscape quality in cities or urban regions, it is critical to sub-
stitute landscape architecture in the SSP and plan hierarchy (Hersperger 
et.al., 2020).

While the city did not previously require SSP, strategic spatial plans 
of each city have started to be legally prepared and implemented increas-
ingly in recent years (Özalp, 2006; Şimşek Deniz, 2014).

6. Strategic Spatial Planning Studies in Turkey
According to the Ministry of Environment, Urbanization, and Climate 
Change’s official website, “strategic spatial planning is a plan that is pre-
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pared throughout the country and in the regions deemed necessary, and 
that guides physical development and sectoral decisions by associating 
economic, social, and environmental policies and strategies with space, 
and that is a plan that is complete with its report.” Strategic spatial plans 
have this characteristic in that they are plans that control spatial develop-
ment, employ an abstract, visual expressive language and schematic rep-
resentation approach, and incorporate spatial development strategies.” 
(URL-1, 2022).

A Strategic Spatial Plan was needed to establish a more effective 
national spatial planning system that aligns economic, social, and envi-
ronmental policy and strategy with each other in achieving Turkey’s 
development and growth goals and realizing its future vision (URL-2, 
2022). In line with this need (URL-2, 2022), “Country Spatial Strategy 
Plan” studies were initiated with all stakeholders to;

• Turn the spatial potentials of our country into an advantage 
have been initiated,

• To achieve the vision and goals of our country for 2023 and 
beyond, studies that ensure the harmonization of the spatial 
strategies of the economic, social, and environmental policies 
have been initiated,

• Reflect global and regional sectoral decisions holistically to 
the space have been initiated,

• Guide spatial development and conservation strategies at the 
highest level for sustainable development have been initiated,

• Human-oriented, identity, livable, and productive settlements 
that integrate environmental policies with land-use decisions.

As defined on the official website of the Ministry of Environment, 
Urbanization and Climate Change, the targets of the Turkey Spatial 
Strategy Plan (URL-3, 2022) in line with the vision and goals of our 
country are:

• Creation of human-oriented, sustainable, durable, intelligent, 
and high socio-economic development cities,
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• To ensure the balanced distribution of infrastructure and
services following development policies, covering urban and
rural areas, in order to ensure economic and social development,

• Supporting the necessary spatial arrangements and
infrastructure for the provision of competitive settlements,

• In order to ensure a sustainable environment, it is the integration
of sectoral priorities, spatial development, and environmental
policies by considering adaptation to climate change.

Turkey’s Spatial Strategy Plan studies started in 2012 and “Project for 
Determining the Methods and Principles for the Spatial Strategy Plan-
ning Preparation, Implementation, and Monitoring Process.” was com-
pleted in 2013. As a result of the project, the basic documents related 
to the preparation of the Spatial Strategy Plan were obtained and the 
project’s outcomes were defined as the procedures and principles for pre-
paring these plans in the Spatial Plans Production Regulation (URL-4, 
2022; Turkey Spatial Strategy Plan, 2021).

Working Group Meetings and High-Level Steering Meetings were 
held with the participation of relevant public institutions, local works, 
universities, non-governmental organizations, and the private sector, as 
preparation of the participatory process for developing the Spatial Strat-
egy Plan. Associating the economic, social, and environmental policies 
and strategies with space in process to achieve the country’s develop-
ment and growth goals and realize the country’s future vision; ensuring 
a balanced distribution of infrastructure and services for competitive cit-
ies following development policies; preparing Turkey’s Spatial Strategy 
Plan, which will guide spatial planning toward creating human-centered, 
disaster-resistant, climate change-ready, livable and productive cities 
(URL-4, 2022).

7. Features of Turkey’s Spatial Strategy Plan
The process for the preparation of the Turkey’s Spatial Strategy Plan 
(SSP) was formed during the previous decade, under the scope of the 
2009 Urbanization Council decision to “create the country’s spatial 
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strategy plan and update the existing planning hierarchy accordingly” 
(Turkey Spatial Strategy Plan, 2021). In this process, the spatial strat-
egy plan was incorporated into planning legislation for the first time in 
2011, and the Ministry of Environment and Urbanization was given the 
authority to prepare and approve spatial strategy plans in process with 
institutions and organizations related to the defunct Decree-Law No. 
644 on the Organization and Duties of the Ministry of Environment 
and Urbanization of the Republic of Turkey, which came into force 
the same year. SSP, described in detail in the Spatial Plans Construc-
tion Regulation, which took force in 2014, is identified and defined in 
Articles 4 and 6 of the regulation as the highest level of spatial plans 
(Spatial Plans Construction Regulation, Article 6 (h)) (Turkey Spa-
tial Strategy Plan, 2020; Turkey Spatial Strategy Plan, 2021). Accord-
ingly, Turkey’s Spatial Strategy Plan is defined as a plan that evaluates 
regional plans that connect country development policies and regional 
development strategies at the spatial level, and taking into account eco-
nomic and social potential, goals and strategies, transportation connec-
tions, and physical thresholds of regional plans. Additionally, it is a plan 
that establishes spatial strategies for utilizing subsurface and surface 
resources, safeguarding and developing natural, historical, and cultural 
resources, and guiding settlements, transportation systems, and urban, 
social, and technological infrastructure. Moreover, it is defined as a plan 
being made throughout the country that defines the link between spa-
tial policies and strategies related to the sectors through schematic and 
visual language on 1/250,000, 1/500,000, or upper scale maps (Turkey 
Spatial Strategy Plan, 2020).

“Turkey’s Spatial Strategy Plan-Turkey SSP,” defined in the Zon-
ing Law as the highest-scale plan that would guide spatial development, 
has started to be prepared as of the last quarter of 2018. A participa-
tory method was used throughout this process, and the perspectives 
of relevant stakeholders were gathered and şntegrated into the report. 
Additionally, process of Strategic Environmental Assessment of Turkey’s 
Spatial Strategy Plan has started (URL-4, 2022).

With the 2018 amendment to Zoning Law No. 3194, the Spa-
tial Strategy Plan was defined as a plan that is prepared throughout 
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the country and in the regions deemed necessary, that guides phys-
ical development and sectoral decisions by associating economic, 
social, and environmental policies and strategies with space, and that 
is complete with its report. The Spatial Plans Construction Regula-
tion, which took force in 2014, defines spatial strategy plans, planning 
principles, their relationship to planning stratification, and research 
themes. On the other hand, the part explaining spatial planning level 
defines spatial plans as “Environmental Plans” and “Zoning Plans” per 
the Spatial Strategy Plans in terms of the area they cover and their 
purposes (Turkey Spatial Strategy Plan, 2020; Turkey Spatial Strategy 
Plan, 2021).

These plans have a progressive integration (Spatial Plans Construc-
tion Regulation, Article 6 (2)). In this situation, the spatial plans are 
prepared in accordance with the plan stratification. Each plan directs 
the lower-level plan of the current upper-level plans by the idea of pro-
gressive plan integration. The Spatial Plans Production Regulation states 
that when preparing Spatial Strategy Plans and Environmental Plans, the 
targets established by the Development Plan, Regional Plans, Regional 
Development Strategies, and other Strategy Documents will be taken 
into account (Spatial Plans Construction Regulation, Article 6 (5)) (Tur-
key Spatial Strategy Plan, 2020; Turkey Spatial Strategy Plan, 2021).

8.  Interaction of Turkey Spatial Strategy Plan 
with Other Related Plans and Programs

“Turkey Spatial Strategy Plan 5.3.3. Strategic Environmental Assessment 
Scoping Report-2020” expresses the following relationship between the 
Turkey Spatial Strategy Plan and other associated plans and programs.

The relationship between the Turkey Spatial Strategy Plan and the 
relevant plans/programs have been examined within the context of the 
plan/program relationships that affect and are impacted by the Turkey 
Spatial Strategy Plan. The mentioned impact may refer to the (legal) 
links included in the plan stratification and within the scope of the rel-
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evant laws and regulations, and the links that are thematically/sectorally 
affected and affected.

The Development Plan, which has an effect on the Turkey Spatial 
Strategy Plan at the national level and is not included in the scope of 
spatial plans but is characterized as the top-level plan, and the Annual 
Programs prepared per the development plans are unquestionably con-
sidered to be legal and strategic ties affecting the Turkey Spatial Strat-
egy Plan. In this context, the 11th Development Plan covering the years 
2019-2023, prepared by the Presidency of the Republic of Turkey, Strat-
egy and Budget Department, and the Presidential Annual Programs pre-
pared for the years 2019, 2020 and 2021 stand out as the programs that 
affect the Turkey Spatial Strategy Plan. In addition to the Development 
Plan and related Annual Programs, the following strategies, which are 
not included in the spatial plans but which guide the plans, have stra-
tegic links with the Turkey Spatial Strategy Plan, policy and strategy 
documents;

• EU Integrated Environmental Harmonization Strategy 
2007-2023,

• Integrated Urban Development Strategy and Action Plan 
2010 – 2023,

• Republic of Turkey Climate Change Action Plan 2011-2023,
• Regional Development National Strategy 2014 – 2023,
• National Rural Development Strategy 2014 – 2020,
• Urban Planning Council Commission Reports and 

Concluding Statement.

These plans, policies, and strategy documents with varying objectives 
and focus areas were seen to have a variety of different bases, such as the 
9th Development Plan or the United Nations Framework Convention on 
Climate Change, and thus were included in the study as they serve as a 
guide for Turkey Spatial Strategy Plan studies.

As previously stated, Environmental Plans and Zoning Plans are 
prepared “by the Spatial Strategy Plans in terms of the area they cover 
and their purpose” under Zoning Law No. 3194. (Zoning Law No. 3194, 
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Article 6). As of this situation, Turkey’s Spatial Strategy Plan affects 
the Environmental Plans, Master Zoning Plans, and Implementation 
Development Plans to be prepared. Additionally, Turkey’s Spatial Strat-
egy Plan can influence future studies of Regional Plans prepared by 
Development Agencies on the NUTS Level 2 scale which was prepared 
with 2023 visions.

Along with regional plans, Integrated Coastal Area Plans (ICAP) (Spa-
tial Plans Construction Regulation, Article 6 (6)) and River Basin Manage-
ment Plans prepared at the regional level might be regarded plans that will 
be impacted by the Turkey Spatial Strategy Plan’s actions. Although the 
Turkey Spatial Strategy Plan is not yet capable of taking direct action on 
the regions covered by the plans on a large scale, the actions taken by the 
Turkey Spatial Strategy Plan must not have a detrimental effect on the 
environmental characteristics stated in the relevant plans.

9. Conclusion
When traditional planning tools are insufficient, strategic spatial plan-
ning should be used throughout the regional development stage. In this 
context, it is vital to attempt to establish strategies that can assist in shap-
ing planning processes and the actions associated with these strategies 
(Keçecioğlu Dağlı and Cengiz, 2019).

Strategic spatial planning considers urban development not only 
within the scope of physical development, but also within the scope of 
strategies related to social, cultural and economic development in the 
city (Anonymous, 2009). Strategic spatial planning, which is intrinsi-
cally linked to urban development, significantly impacts urban transi-
tions (Hersperger et.al., 2019). The objective of strategic spatial planning 
(Hersperger et.al., 2019), which is increasingly being used globally to 
produce a collective vision for the medium and long-term development 
of urban regions, is to provide content, images, and decision frameworks 
to impact and manage spatial change (Albrechts and Balducci, 2013). In 
this context, urban development strategies are created for cities.

Strategic spatial planning encompasses all of the strategies essential 
for establishing goals and objectives and achieving them while consid-
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ering long- and short-term internal and external environmental issues 
affecting both the commercial and public sectors. Strategic spatial plan-
ning, which ensures harmony between resources, targets and environ-
mental conditions, and creates a strong vision, becomes a requirement. 
Local governments that engage in strategic spatial planning are more 
future-ready. As the global trend toward localization gains momentum, 
the responsibilities of local governments as providers of regional public 
services grow (Yalçınkaya, 2010). The spatial development framework, 
which impacts the city’s long-term development and change of city and is 
a critical tool for investors’ monitoring and management of investments, 
collects spatial decisions in line with the common vision, common theme, 
common direction and common goal of the city. Over the years, cities 
have evolved, reshaping, transforming, and spreading across vast swaths of 
land. Spatial development strategy frameworks must be defined to rein in 
urban growth and expansion. For this reason, it is important that the pro-
grams and projects produced are concrete and applicable. In line with the 
region’s present dynamics, it is necessary to maximize the use of existing 
assets, infrastructure, resources and capacities (URL-5, 2019).

Spatial strategic planning evolved due to the traditional comprehen-
sive planning technique’s inadequacies in the face of new phenomena and 
problems, particularly in large cities, and the necessity for a more flexi-
ble approach to generate solutions in the face of sudden and significant 
changes. Spatial, strategic planning, which is an action-oriented, flexible 
and participatory approach that covers the identification and solution of 
problems at the country level, has the following features; putting forward 
the functional long-term vision, goal, and perspective, creating strategies 
at different levels, designing platforms where plan decisions can be made 
to achieve the vision, developing content, images and decision frame-
works that will affect and manage spatial change, and handling physical 
development and economic, social, cultural and institutional develop-
ment interactively. 

The plan is being evaluated to cover the whole country, territorial 
waters and exclusive economic zones. Turkey Spatial Strategy Plan is 
located at the top of the planning stages, above the Environmental Plan 
and the Zoning Plan. In this framework, Turkey Spatial Strategy Plan 
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is the plan that sets targets, guides and sets principles for the plans in its 
lower level, and it guides the plans to be prepared at the regional level 
(Turkey Spatial Strategy Plan, 2020).

In sum, SSP is a process. In this context, participants in the SSP 
process are recognized as political, economic, and social leaders, repre-
sentatives (non-governmental organizations-NGOs, associations, social 
organizations, etc.), and citizens with the ability to make decisions and 
generate ideas. Therefore, the SSP process benefits all stakeholders, 
including city residents, local and state government officials, and capi-
tal owners etc. Additionally, cities change throughout time due to their 
dynamic qualities, and their visions harmonize with the global system. 
In this context, ensuring that limited resources are managed in the most 
effective way makes it possible to create new management and organiza-
tion models (Özalp, 2006; Şimşek Deniz, 2014).

Making planning choices in accordance with the unique situation and 
dynamics of each country increases productivity and efficiency. The strate-
gic spatial planning processes that will emerge as a result of the road maps 
and spatial development strategy frameworks created as a result of the 
strategic planning studies conducted by our country’s unique values and 
dynamics will be critical in achieving spatial, social, and economic goals. It 
will also contribute to the sustainability of the natural and cultural land-
scape on a regional and local scale (Keçecioğlu Dağlı and Cengiz, 2019).
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