NEVSEHIR HACI BEKTAS VELI UNIVERSITESI
FEN BILIMLERI ENSTITUSU
NEVSEHIR BILIM VE TEKNOLOJI DERGISI

Nevsehir Haci Bektas Veli University
Graduate School of Natural and Applied Sciences

Nevsehir Journal of Science and Technology

Cilt/\VVolume : 13
Say1/Issue : 2
e-ISSN: 2148-4651

Aralik 2024
December 2024



SAHIBI

Prof. Dr. Semih AKTEKIN - Nevsehir HBV Universitesi Rektorti

EDITOR / EDITOR-IN-CHIEF

Prof. Dr. Cemal CARBOGA - Nevsehir HBV Universitesi

ccarboga@nevsehir.edu.tr

AKADEMIK EDITORLER/ACADEMIC EDITORS

Dr. Ogr. Uyesi Engin EYCEYURT- Nevsehir HBV Universitesi

__ engineyceyurt@nevsehir.edu.tr
Dr. Ogr. Uyesi Sure KOME- Nevsehir HBV Universitesi

sure.kome@nevsehir.edu.tr

Dil Editori
Ogr. Gor. Ercin OZZADE- Nevsehir HBV Universitesi

Yayin Kurulu/ Bolum Editorleri

Prof. Dr Biilent AKTAS — Harran Universitesi.

Prof. Dr. Aslihan KARATEPE - Nevsehir HBV Universitesi

Prof. Dr. Bayram DEVIREN - Nevsehir HBV Universitesi

Prof. Dr. Bilge DEMIR — Karabiik Universitesi

Prof. Dr. Biilent BOSTAN- Gazi Universitesi

Prof. Dr. Ersan KABALCI - Nevsehir HBV Universitesi

Prof. Dr. Mustafa ACARER — Selguk Universitesi

Prof. Dr. Nesimi AKTAS - Nevsehir HBV Universitesi

Prof. Dr. Silleyman YILMAZ — Aksaray Universitesi

Dog. Dr. Kubilay KARACIF — Hitit Universitesi

Dr. Ogretim Uyesi - Ahmet ORHAN - Nevsehir HBV Universitesi

Dr. Ogretim Uyesi Omer BILHAN - Nevsehir HBV Universitesi

Dr. Ogretim Uyesi Serkan DAL - Nevsehir HBV Universitesi



mailto:ccarboga@nevsehir.edu.tr
mailto:engineyceyurt@nevsehir.edu.tr
mailto:sure.kome@nevsehir.edu.tr

Damsma/Bilim Kurulu

Prof. Dr Biilent AKTAS — Harran Universitesi.

Prof. Dr. Abdullah ALGAN — Pamukkale Universitesi

Prof. Dr. Ahmet ARIKAN - Gazi Universitesi

Prof. Dr. Beril AKIN - Gazi Universitesi

Prof. Dr. Giil GULPINAR — Dokuz Eyliil Universitesi

Prof. Dr. Halil ibrahim OGUZ — Adiyaman Universitesi

Prof. Dr. Murat AYGUN - Bitlis Eren Universitesi

Prof. Dr. Mustafa Serdar GENC — Erciyes Universitesi

Prof. Dr. Okan KARAHAN — Erciyes Universitesi

Prof. Dr. Orhan BAYRAK — Akdeniz Universitesi

Prof. Dr. Salih ATES — Gazi Universitesi

Prof. Dr. Siikrii CELIK — Sinop Universitesi

Prof. Dr. Yiksel ALTUN - Gazi Universitesi

Prof. Dr. Zehra Nur YUKSEKDAG - Gazi Universitesi

Prof.Dr. Zahide BAYER OZTURK - Nevsehir HBV Universitesi

Prof.Dr Neslihan DOGAN — Nigde Omer Halis Demir Universitesi

Prof.Dr. Adnan SOZER — Gazi Universitesi

Prof.Dr. Ali GENCER — Gazi Universitesi

Prof.Dr. Ali KAY A — Firat Universitesi

Prof.Dr. Bilal DEMRE — Erciyes Universitesi

Prof.Dr. GENCAGA PURCEK — Karadeniz Teknik Universitesi

Prof.Dr. Metin GURU — Gazi Universitesi

Prof.Dr. Mustafa Hilmi COLAKOGLU- Nevsehir HBV Universitesi

Prof.Dr. Serkan OZEL — Bitlis Eren Universitesi

Prof.Dr. Serkan TEKIN- Ankara Universitesi

Prof.Dr. Sevil ALBAYRAK — Erciyes Universitesi

Prof.Dr. Ugur TIRNAKLI — Ege Universitesi

Prof.Dr. Hayrettin AHLATCI — Karabiik Universitesi

Dog. Dr. Abdullah DIKICI — Usak Universitesi

Dog. Dr. Hikmet KATIRCIOGLU - Gazi Universitesi

Dog. Dr. Mustafa TURKMEN — Erciyes Universitesi




Icindekiler/Contents

Sayfa /Page

Research Article (Arastirma Makalesi)

Development of a Method for the Voltammetric Determination of Ascorbic Acid on a
Palladium Doped Carbonaceous Electrode

Gamze CELIK, Zafer USTUNDAG

1-10

Arastirma Makalesi (Research Article)

Diyarbakir Kentindeki Parklarda Kullanict Memnuniyetinin Degerlendirilmesi

Esra AYDIN, Canan KOC

11-25

Research Article (Arastirma Makalesi)

SERS Characterization of Lysozyme Aptasensor Prepared for Latent Fingerprint Visualization
on Surfaces
Deniz SAATOGLU, Aybiike A. Isbir TURAN, Zafer USTUNDAG, Mustafa Oguzhan

CAGLAYAN, Isik Pergin DEMIRCELIK

26-33




Nevsehir Bilim ve Teknoloji Dergisi (2024), 13(2) 1-10

Nevsehir Journal of Science and
Technology

Research Article (Arastirma Makelesi)
Makale Doi: 10.17100/nevbiltek.1568250

Date Submitted:16-10-2024 Date Accepted:21-12-2024

Development of a Method for the Voltammetric Determination of Ascorbic Acid on a
Palladium Doped Carbonaceous Electrode

Gamze CELIK'", Zafer USTUNDAG?

YKiitahya Dumlupinar University, Faculty of Arts and Science, Department of Chemistry, Kiitahya
ORCID ID: 0000-0002-9570-6107

2Kiitahya Dumlupmar University, Faculty of Arts and Science, Department of Chemistry, Kiitahya
ORCID ID: 0000-0002-5550-106X

Abstract

Ascorbic acid (AA) is a vital antioxidant with critical roles in human health, including immune system support and
protection against oxidative stress. Accurate and sensitive determination of AA is essential in clinical diagnostics,
pharmaceutical analysis, and food quality control. In this study, a novel voltammetric method was developed using a
glassy carbon (GC) electrode modified with palladium-doped carbonaceous material for AA detection. A mixture of equal
amounts of raw coal tar pitch (r-CTP) and glass fiber (GF) was pyrolyzed in a high-temperature furnace at 1000°C for 1
h, with a heating rate of 10°C/min under a nitrogen atmosphere. The resulting carbonized material was ground using a
planetary ball mill (Retsch, PM100), and palladium nanoparticles (PdNPs) were then doped onto the material via the sol-
gel method. The obtained material is denoted Pd/CTP-GF. Pd/CTP-GF was characterized using scanning electron
microscopy (SEM) and X-ray diffraction (XRD). The glassy carbon (GC) electrode modified with Pd/CTP-GF was
characterized by cyclic voltammetry (CV). A method was developed for the determination of ascorbic acid using
differential pulse voltammetry (DPV) on the Pd/CTP-GF modified GC electrode. The detection limit (S/N=3) of the
developed method was determined to be 5 nM. The intraday and interday precision and accuracy of the method were also
evaluated. In addition, the interference of dopamine, uric acid, and certain cations on ascorbic acid was investigated. In
real sample applications, the developed method achieved a recovery of over 95% for ascorbic acid in orange juice samples.

Keywords: Ascorbic acid; differential pulse voltammetry; palladium nanoparticle; carbonaceous electrode.

Paladyum Nanopar¢acik Katkih Karbonsu Elektrot Uzerinde Askorbik Asidin Voltametrik
Tayini Igin Yontem Gelistirilmesi

Oz

Askorbik asit (AA), bagisiklik sistemini destekleme ve oksidatif strese kargi koruma gibi insan sagliginda kritik rolleri
olan hayati bir antioksidandir. AA'nin dogru ve hassas bir sekilde belirlenmesi, klinik tani, farmasoétik analiz ve gida kalite
kontrolii i¢in dnemlidir. Bu ¢aligmada, AA tespiti i¢in palladyum katkili karbonlu malzeme ile modifiye edilmis camsi
karbon (GC) elektrot kullanan yeni bir voltametrik yontem gelistirilmistir. Esit miktarda ham komiir katran1 (r-CTP) ve
cam elyaf (GF) karisimi, azot atmosferi altinda 1000°C'de 1 saat boyunca 10°C/dk 1sitma hiziyla yiiksek sicaklik firininda
piroliz edilmistir. Elde edilen karbonize malzeme, gezegensel bilyeli 6giitiiciide (Retsch, PM100) 6giitiilmiis ve daha
sonra tizerine paladyum nanopargaciklart (PdNP'ler) sol-gel yontemiyle doplanmustir. Elde edilen malzeme Pd/CTP-GF
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olarak adlandirildi. Pd/CTP-GF, taramali elektron mikroskobu (SEM) ve X-1sm1 kirmimi (XRD) yontemleri ile
karakterize edilmistir. Pd/CTP-GF ile modifiye edilmis cam karbon (GC) elektrotu

ise dontistimlii voltametri (CV) ile karakterize edilmigtir. Askorbik asitin tayini i¢cin Pd/CTP-GF modifiye edilmis GC
elektrotu tlizerinde diferansiyel puls voltametrisi (DPV) kullanilarak bir yontem gelistirilmistir. Gelistirilen yontemin
tespit limiti (S/N=3) 5 nM olarak belirlendi. Gelistirilen yontemin giin i¢i ve giinler aras1 dogruluk ve kesinligi
degerlendirilmistir. Ayrica, dopamin, {irik asit ve bazi katyonlarin askorbik asit tizerindeki interferans etkileri
aragtirilmistir. Gelistirilen yontemin gergek numune uygulamasinda, portakal suyu 6rneklerinde askorbik asit i¢in %95'in
iizerinde bir geri kazanim degeri elde edilmistir.

Anahtar Kelimeler: Askorbik asit; diferansiyel puls voltametrisi; paladyum nanopargacik; karbonsu elektrot.

This study includes a part of Gamze Celik's doctoral thesis.

Sorumlu yazar e-mail: gamzekuzulO@gmail.com
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1. Introduction

Ascorbic acid (AA) is an antioxidant found in the human body [1]. AA acts as a reducing agent that protects the
human body from the side effects of oxidative processes and plays a significant role in various biological activities. These
include vascular protection, cellular development, bone-cartilage repair, collagen synthesis, and the healing of burns and
wounds [2]. Additionally, ascorbic acid has demonstrated therapeutic effects in the treatment of life-threatening clinical
conditions such as cancer [3], Alzheimer's disease [4], lymphoblastic leukemia [5] and tumors [6].

Chromatographic and spectrometric methods used for the determination of AA are expensive, complex, and involve
challenging steps. Due to difficulties in sample preparation, the high cost of traditional methods, and other similar factors,
there is a growing need for high-efficiency and cost-effective alternative methods for real-time AA detection [7]
Electrochemical techniques, owing to their simplicity, lower cost, and ability to operate with minimal materials, have
garnered significant interest among researchers. Electrochemical methods for the determination of ascorbic acid (Vitamin
C) are widely employed due to their sensitivity, simplicity, and rapid response times [8, 9]. These methods often include
potentiometric, voltammetric, and amperometric techniques, which are further enhanced through various sensor
modifications to improve performance.

Electrochemical sensing provides numerous benefits, such as quick analysis, reduced sample volume, lower costs,
and the removal of pre-concentration procedures. In this context, techniques such as pulse voltammetry (DPV and CV),
and chronoamperometry have enabled the development of portable, user-friendly electrodes [10]. Electrochemical
methods for AA detection are favored for their low cost, high sensitivity, ease of use, and quick response times. However,
many sensing materials have limitations, such as low surface areas, poor chemical design, and difficult modifiability.
Thus, designing well-structured, porous materials is key to improving performance. PANPs-loaded carbon-derivatived
electrodes offer selective and sensitive electrochemical detection of ascorbic acid [11]. Electrodes modified with PANPs,
such as Pd/CNFs, PANPs/GR/CS, and PANPs-GO, exhibit superior electrochemical activity toward AA and achieve lower
oxidation potentials compared to bare electrodes [12].

Designing and modifying electrodes for AA electrochemical oxidation is way to improving reproducibility.. PANPs-

loaded carbon nanofiber-modified electrodes are used for AA determination in literature 13].
In a study [14], an electrochemical sensor for AA was designed utilizing a GC modified with PANPs supported on
graphene oxide (PdNPs-GO). The electrochemical behavior of AA oxidation was evaluated using cyclic voltammetry
(CV) and amperometric techniques. Compared to a bare GC or PANPs-madified electrode, the anodic peak potential for
AA on the PANPs-GO modified electrode shifted to a more negative value of 0.006 V. This shift, along with a notable
separation of the anodic peak potentials of 0.172 V between AA and dopamine (DA), was attributed to the synergistic
effect of GO and PdNPs. In a study, a highly sensitive and selective electrochemical sensor for ascorbic acid detection
was developed, featuring a rapid response, broad linearity, and successful application in Vitamin C tablet analysis. The
sensor demonstrated exceptional performance for AA detection [14].

In this study, an equal mixture of raw coal tar pitch (r-CTP) and glass fiber (GF) was pyrolyzed in a high-temperature
furnace at 1000°C for 1 hour under a nitrogen atmosphere, with a heating rate of 10°C/min [15]. The resulting carbonized
material was ground using a Spex-type mill (Retsch, PM100), followed by the synthesis of palladium nanoparticles
(PANPs) on its surface [7]. The final material was designated as Pd/CTP-GF. The Pd/CTP-GF was characterized using
scanning electron microscopy (SEM) and X-ray diffraction (XRD). The glassy carbon (GC) electrode modified with
Pd/CTP-GF was characterized by cyclic voltammetry (CV). A method for AA determination in the concentration range
of 0.01-1.0 puM was developed using the Pd/CTP-GF-modified GC electrode surface. This method was successfully
applied for the determination of Vitamin C in commercial orange juice samples.

In this study, an equal mixture of raw coal tar pitch (r-CTP) and glass fiber (GF) was pyrolyzed in a high-temperature
furnace at 1000°C for 1 hour under a nitrogen atmosphere, with a heating rate of 120°C/min [15]. The resulting carbonized
material was ground using a Spex-type mill (Retsch, PM100), followed by the synthesis of palladium nanoparticles
(PANPs) on its surface [7]. The final material was designated as Pd/CTP-GF. The Pd/CTP-GF was characterized using
scanning electron microscopy (SEM) and X-ray diffraction (XRD). The glassy carbon (GC) electrode modified with
Pd/CTP-GF was characterized by cyclic voltammetry (CV). A method for AA determination in the concentration range
of 0.01-1.0 pM was developed using the Pd/CTP-GF-modified GC electrode surface. This method was successfully
applied for the determination of Vitamin C in commercial orange juice samples.
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2. Materials and Methods

2.1. Experimental

The chemicals used in this study were obtained from local suppliers of Merck, Sigma-Aldrich, and Fluka. The
water used for solution preparation was of ultra-pure water (UPW) quality. Electrochemical measurements were
conducted at room temperature using an lvium-CompactStat (Netherlands). The glassy carbon electrode (MF-2012, Basi,
USA, with a diameter of 3 mm) was used as a working electrode. A three-electrode system was employed for voltammetric
measurements, with the working electrode being a glassy carbon electrode modified with pyrolyzed materials, the
reference electrode being Ag/AgCI (saturated), and the auxiliary electrode a platinum wire.

2.2. Electrode Modification

The glassy carbon (GC) electrode was first treated with a 100 nm and then a 50 nm diameter alumina suspension
(Baikowski, USA) and subsequently cleaned by sonication in an ultrasonic bath (Bandelin, Germany) for 5 minutes each,
using deionized water and a mixture of acetone/isopropyl alcohol. A homogeneous mixture of raw coal tar pitch (r-CTP)
and glass fiber (GF) was placed in a high-temperature furnace (Protherm, USA/Turkey) at 1000 °C at (rate of head=10
°C/min) under N2, followed by pyrolysis at this temperature for 1 h. The resulting carbonized product was designated as
CTP-GF. This material was then ground into micro- and nano-powder by milling in a Spex-type grinder (Retsch, PM100,
Germany) at 400 rpm for 6 hours.

Five grams of CTP-GF were mixed with 100 mL of ultra-pure water (UPW) to form a homogeneous suspension.
To this suspension, 525 mg of polyvinylpyrrolidone (PVP, MW = 38,000), 300 mg of L-ascorbic acid, 1500 mg of
potassium bromide (KBr), and 200 mg of palladium chloride (PdClz) were added in 55 mL of water [16]. The solution
was heated to 114 °C, and the reaction was allowed to proceed under homogeneous stirring for 3 hours. Subsequently,
the solution was cooled to room temperature. The resulting solution was centrifuged at 5000 rpm for 10 minutes. To
ensure the complete removal of the reactants, a washing procedure was performed, wherein the material was washed three
times with anhydrous ethanol and UPW, followed by centrifugation. The obtained Pd/CTP-GF was dried in a vacuum
oven at 55 °C for 6 hours. Two hundred fifty milligrams of Pd/CTP-GF were weighed and mixed in 1.0 mL of acetonitrile
to create a homogeneous suspension. From this solution, 10 pL was pipetted and dropped onto the surface of the GC

electrode, and the electrode surface was dried using an infrared lamp (75 W).
3. Results and Discusion

3.1. Characterization studies

In order to assess the particle size, homogeneity, and elemental composition of the prepared electrode materials,
scanning electron microscopy (SEM) image (Figure 1) and energy-dispersive X-ray spectroscopy (EDX) measurement
(Figure 2) were conducted.

pressure Y E—

SE TLE 64e-4 Pa DPU-ILTEM

Figure 1. SEM |mag Pd/CTP*-GF.

pied
v 10.00kV | 3.5
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Figure 2. EDX spectrum of Pd/CTP-GF.

The SEM images of Pd/CTP-GF indicate that the particle size is below 2 um and that nanoparticles are also
present. The EDX spectrum shows peaks corresponding to Al, Si, C, and O from the glass fiber, as well as C and O from
the CTP, along with reduced Pd on the surface. EDX analysis at the selected surface point reveals that the majority of the
material is composed of C, while it is evident that Pd is effectively present on the surface.

X-ray diffraction (XRD) measurements (Figure 3) indicate that the material consists of carbon (in the range of
20-30°) and other components[17], with elements such as Pd, Si, and Al exhibiting distinct peaks in a poly crystalline

structure [15].

Counts
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Figure 3. XRD pattern of Pd/CTP-GF.

In order to compare with the palladium-containing electrode, CTP obtained through the pyrolysis of r-CTP and
CTP-GF were modified onto GC surface. CV measurements were conducted at a scan rate of 100 mV/s for 0.05 mM
ascorbic acid (AA) in a 0.1 M phosphate buffer at pH 7.2, utilizing the CTP, CTF-GF, and Pd/CTP-GF modified GC

electrodes (Figure 4).
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Figure 4. CVs of 0.05 mM AA in 0.1 M PBS on bare GC, CTP, CTP-GF, and Pd/CTP-GF on GC

As shown in Figure 4, the highest peak current for the oxidation of ascorbic acid (AA) was obtained at 13.254
MA on the Pd/CTP-GF madified glassy carbon (GC) electrode. The peak currents for AA were measured at 8.546 WA on
the CTP-GF modified GC surface, 3.246 pA on the CTP modified GC surface, and 2.09 pA on the bare GC surface.
In order to enable the voltammetric determination of ascorbic acid (AA), an investigation of peak current as a function of
scan rate was conducted during the oxidation scan to evaluate whether the electron transfer process is diffusion-controlled.
Cyclic voltammetry measurements of 0.05 M AA were performed on the Pd/CTP-GF modified glassy carbon (GC)
electrode across a range of scan rates: 25, 40, 60, 150, and 250 mV/s (Figure 5).

20 -
Ip=1.448v'7-3.483
16 4 R?=0.994

o 124
£
=3
O g

4

-
4 6 8 10 12 14 16

Figure 5. Ip vs. v'2 plot for 0.05 mM AA on the Pd/CTP-GF modified GC electrode at various scan rates.

Figure 2 shows a linear plot of Ip and the v*2. This suggests that the Randles-Sevcik equation is applicable,
implying that the voltammetric studies are diffusion-controlled [18].

3.2. Development of an Analytical Method for AA

DPVs of ascorbic acid (AA) at concentrations of 0.01 -1.0 uM in 100 mM PBS on the surface of the Pd/CTP-
GF modified GC are presented in Figure 6. The calibration curve for AA is shown in Figure 7.
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Figure 6. Differential pulse voltammogram of ascorbic acid (AA) in the concentration range of 0.01 to 1.0 uM.
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Figure 7. Calibration curve of peak current versus concentration obtained using the DPV technique on the surface of
the Pd/CTP-GF modified glassy carbon (GC) electrode in the concentration range of 0.01 to 1.0 pM.

The analytical parameters obtained from the differential pulse voltammetry (DPV) measurements and calibration
curve of the developed method are presented in Table 1. As shown in the table, the limit of detection (LOD) for the
developed method was found to be 0.005 uM (5 nM).

Table 1. Analytical results of the developed AA determination method on the surface of the Pd/CTP-GF modified
glassy carbon (GC) electrode.

Analytical Parameters

Results

Linear Concentration Range

Linear Equation, Ip (UA), [AA] (UM)
RZ

LOD, (S/N=3)

0.01-1.0 pM (1.76 ng/mL-176.12 ng/mL)
Ip=35.889[AA]+6.795

0.996

0.005 uM (0.88 ng/mL)

*Molar Mass of AA: 176.12 g/mol

3.3. The Accuracy And Precision

The accuracy and precision values of the method were determined by making intraday and interday
measurements for five days. In Table 2, Due to RSD being below 5%, the precision of the method has been assessed as
high. Below + 5% RE, and below 5% RSD results show the precision of the method has been evaluated as high.. (Table
2).
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Table 2.Precision and accuracy values of the developed method for intra-day and five consecutive days (n =5

measurements).
Analysis Added, uM Found, uyM Precision (RSD), %  Relative Error, %
Inter-day 0.5uM 0.497+0.012 241 -0.6
Intra-day™> 0.5 uM 0.493 +0.022 4.46 -14

3.4. Interference Study

In the developed method, the interference effects of potential species such as dopamine (DA), uric acid (UA),
and nitrite (NOy"), which could affect the accurate determination of ascorbic acid (AA), were investigated. To evaluate
this, the effects of 1 UM concentrations of these interferents on the voltammetric response of 1 uM AA were thoroughly
examined. The results showed that the impact of 1 uM DA, UA, and NO;" on the peak current variation of AA was
negligible, with changes remaining below 5%. The peak current variations for AA in differential pulse voltammetry
(DPV) measurements are provided in Table 3. These findings indicate that these interferents have little to no significant
effect on AA detection, thereby confirming the high selectivity and reliability of the developed method. This level of
selectivity is essential for ensuring accurate AA determination, even in complex samples containing common biological
and environmental interferents.

Table 3. Effect of 1 uM DA, UA, and NO2- on the DPV peak current of 1 uM AA.

Potential interfering species Current variation, %
DA -2.71
UA 1.11
NOy -0.35

3.5. Real Sample Analysis

The real sample tests were conducted to evaluate the developed method for the determination of ascorbic acid
(AA) using a Pd/CTP-GF modified GC electrode, utilizing orange juice samples. The samples were diluted for analysis.
Table 4 presents the concentrations of AA in 100 mL of orange juice. It was observed that the recovery values obtained
by adding 10 mg of AA per 100 mL sample were quite satisfactory, ranging from 95% to 105%, indicating high recovery
efficiency.

Table 4. Determination of AA* in real samples and recovery values.

Numune Added, mg/100 mL  Found + SD, mg/100 mL  Recovery, %
Orange iuice 0 21.87+0.96 -
g€l 10 32.11#1.12 102.4
. 0 10.05+0.27 -
Carbonated orange drink 10 20.17+0.34 101.2

*Molar Mass of AA: 176.12 g/mol

4. Conclusion

A sensor has been developed for the determination of AA, a powerful antioxidant that plays a crucial role in human
health. In this study, a Pd/CTP-GF on GC electrode was successfully fabricated and characterized using SEM, EDX, and
CV. This electrode enabled the development of a highly sensitive voltammetric method for AA detection, with a broad
working range of 0.01 uM to 1.0 uM and an impressive detection limit of 5 nM. Comparative analysis (Table 5) highlights
the superior sensitivity of this method, which outperforms many existing DPV-based techniques by offering a detection
limit in the nanomolar range. Additionally, the method demonstrated excellent recovery rates for AA in real samples,
such as orange juice and carbonated orange drink, confirming its precision and practical applicability. These findings
emphasize the potential of this method as a reliable tool for AA analysis in clinical, pharmaceutical, and food quality
control applications.
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Table 5. Comparison of some AA determination methods developed using the DPV technique in the literature.

Elektrode Technique Linear range (uM) LOD Reference
CQDs-rGO/GCE DPV 70-1000 uM 3.33 M [14]
GCE/T-rGO DPV 4.0-100.0 mM 0.61 uM [19]
PdNPs-GO/GCE DPV 20 uM to 2.28 mM 23 uM [12]
Pd/CNF-CPE DPV 0.05-4 mM 15 uM [20]
PdNPs/CM/CPE DPV 3.27-40.51 0.53 uM [21]
CdO-SPCE DPV 5-150 pM 53.5nM [22]
Pd/CTP-GF DPV 0.01-1.0 uM 5nM This Work
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Parklar, kullanicilarin betonlagan alanlardan ka¢malari i¢in mekanlar olusturarak toplumun yasam kalitesinin
artmasinda onemli rol oynamaktadir. Parklarin konumu, erisebilirligi ve sunduklart aktiviteler kullanici tercihlerini
etkilemektedir. Dolayisiyla, parklarin kullanici talepleri dogrultusunda dogru tasarlanmasi saglikli ve stirdiiriilebilir
kentler i¢in 6nem arz etmektedir. Parklar, doga ile insan arasinda uyumu saglamalari, rekreasyon ve eglenmeye olanak
vermeleri agisindan kente sayisiz katkilar saglamaktadir. Birgok rekreasyonel faaliyet alanini bir arada bulunduran kent
parklari, kentliler i¢in sadece toplanma mekan1 olmayip, egitim, saglik, sosyo-kiiltiirel anlamda yararlanilan agik ve
yesil alanlardir. Ancak, uygun tasarim ve diizenlemeler bulunmadiginda pasif alanlara doniisebilmektedir. Caligsmada,
Diyarbakir kentinde bulunan 15 Temmuz Sehitler Parki, Goletli Park ve Park 75 6rnekleminde parklarin kullanici
memnuniyeti agisindan incelenmesi amaglanmistir. Parklarin se¢iminde konum, biiyiikliik ve peyzaj 6geleri etkili
olmustur. Parklardaki kullanici memnuniyet diizeyini belirlemek i¢in anket uygulanmistir. Parklarda otoparklarin,
aydinlatma ve rekreasyon faaliyetlerinin yetersiz oldugu, 6zellikle Goéletli Park ve Park 75’in aksam kullanim igin
uygun olmadigi belirtilmistir. Parklarda ¢esme ve havuz gibi 6geler bulunmasina ragmen bunlarin sayisinin yetersiz
oldugu sonucuna ulasilmistir. Katilimeilarin parklara cesitli amaglarla geldikleri goriilmiis, 15 Temmuz Sehitler
Parki’na ¢ocuklar i¢in gelen katilimcilarin memnuniyetlerinin daha yiiksek oldugu sonucuna ulasilmistir. Bu baglamda,
kullanicilarin memnuniyet diizeylerinin artirilmasi igin parklarda agaglandirmanin yapilmasi, giivenligin saglanmasi,
bakim ve onarimlarin gergeklestirilmesi, aydinlatma ve oturma birimleri gibi kent mobilyalarinin yeterli sayida ve
uygun yerlerde konumlandirilmasi gerektigi sonucuna varilmustir.

Anahtar Kelimeler: Yasam kalitesi; parklara erigim; rekreasyon.

Evaluation of User Satisfaction in Parks in Diyarbakir City

Abstract

Parks play an important role in improving the quality of life of society by creating spaces for users to escape from
concretized areas. The location, accessibility and activities offered by parks affect user preferences. Therefore, proper
design of parks in line with user demands is important for healthy and sustainable cities. Parks provide countless
contributions to the city in terms of providing harmony between nature and people, providing recreation and
entertainment. Urban parks, which contain many recreational activity areas together, are not only gathering places for

* Sorumlu yazar E-mail: canan.koca@dicle.edu.tr

11



Nevsehir Bilim ve Teknoloji Dergisi (2024), 13(2) 11-25

urbanites, but also open and green areas that are used in education, health, socio-cultural. However, it can turn into
passive areas when there are no appropriate designs and arrangements. The aim of the study was to examine the parks in
terms of user satisfaction in the sample of July 15 Martyrs Park, Goletli Park and Park 75 located in Diyarbakir city.
Location, size and landscape elements were influential in the selection of the parks. A survey was conducted to
determine the user satisfaction level in the parks. It was stated that parking lots, lighting and recreational activities are
insufficient in the parks, and especially Pond Park and Park 75 are not suitable for evening use. Although there are
elements such as fountains and pools in the parks, it was concluded that their number is insufficient. It was observed
that the participants came to the parks for various purposes, it was concluded that the satisfaction of the participants
who came to the July 15 Martyrs Park for children was higher. In this context, it was concluded that in order to increase
the satisfaction levels of users, afforestation should be done in parks, security should be ensured, maintenance and
repairs should be carried out, and urban furniture such as lighting and seating units should be positioned in sufficient
numbers and in suitable places.

Keywords: Quality of life; access to parks; recreation.
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1. Giris

Kamuya agik dinlenme ve eglence alanlarinin yer aldigi parklar insanlarin dogayla etkilesimde bulunabilecegi,
spor ve piknik yapabilecegi, ¢ocuklar i¢in oyun alanlari bulabilecegi ve genel olarak rahatlayabilecegi alanlardir [1 ve
2]. Yogun sehir yasaminin stresinden uzaklasmak ig¢in 6nemli bir kagis noktasi olan parklar, toplumun bir araya
gelmesini tegvik edebilmekte ve ¢esitli etkinliklerin diizenlendigi sosyal alanlar olarak da hizmet edebilmektedir [3].
Parklarda dolagsmak, egzersiz ve kosu yapmak veya sadece dogayla temas etmek insanlarin fiziksel ve zihinsel sagligina
katkida bulunmaktadir. Parklar gibi dogal ortamlarin stresi azalttigi, ruh halini iyilestirdigi ve genel refahi artirdigi
gozlemlenmigtir [4]. Parklar, dogal habitatlarin korunmasina ve biyogesitliligin desteklenmesine yardimei olarak [5]
kent sakinlerine doga ile baglanti kurma firsat1 sunmakta ve ¢evre duyarliligini artirmaktadir. Ayrica parklar, agik hava
konserleri, sanat sergileri, doga yiiriiyiisleri, egitim programlari gibi ¢esitli kiiltiirel ve egitimsel faaliyetlere ev sahipligi
yaparak toplumun kiiltiirel birikimine ve 6grenme deneyimlerine katki sunmaktadir [6].

Sera gazi emisyonlarini dengelemede 6nemli bir rol oynayan parklar, iklim degisikligiyle miicadeleye yardime1
olmaktadir [7]. Parklar, sehirlerde yagayan yaban hayati i¢in 6nemli bir yagam alan1 olugturarak, yerel ekosistemlerin ve
biyolojik ¢esitliligin korunmasina katkida bulunmakta [8], agaclar sayesinde gélgelendirme ve su buhari salinimi
yoluyla sicakligin disiiriilmesini saglamakta, kentsel 1s1 adalarinin olugmasini engellemekte ve mikro iklimin
diizenlenmesinde etkili olmaktadir [9]. Parklardaki bitkiler yagmur suyunu emerek su birikintilerini ve sel riskini
azaltmakta, topragin erozyondan korunmasini saglayarak su kalitesini artirmaktadir. Parklar, sehirde yasayanlarin
dogayla temas kurmalarini, fiziksel aktivitelerde bulunmalarini, dinlenmelerini ve etkinliklerine katilmalarini
saglayarak yagam kalitesini artirmaktadir.

Cok sayida faydasit olmasina karsin, kentsel mekénlarda gilincel yasantinin etkisiyle agik ve yesil alanlar
giderek azalmakta, insan ve doga iligkileri zarar gormektedir [10]. Ulusal ve uluslararasi literatiirde konunun 6nemi
vurgulanmakta, yasam kalitesini belirlemek amaciyla yapilan g¢alismalar c¢ogunlukla kullanici memnuniyetine
odaklanmaktadir. Alkan (2019), ¢aligmasinda park ve bahgelerin estetik ve islevsel yonlerini degerlendirerek, planlama
stirecine entegre edilmesinin 6nemini agiklamaktadir [11]. Bu dogrultuda, Canakkale sehrindeki Halk Bahgesi, 500 Y1l
Parki ve Ozgiirlik Parki kullanicilarmin mevcut ekipman ve olanaklarindan memnuniyet diizeyini incelemistir.
Aragtirma sonucunda giivenlik, otopark, bakim, spor olanaklari, cocuk oyun alanlari, erisilebilirlik, aydinlatma, peyzaj
diizenlemesi gibi gesitli faktérlerin memnuniyet diizeyini 6nemli 6lgiide etkiledigini ortaya konmustur.

Vural (2020), Bingdl kentini ele aldig1 ¢aligmasinda 610 kisiye anket uygulayarak, kent merkezinde bulunan
yesil alanlarin nitelik ve nicelik bakimindan yetersiz oldugu, kullanici ihtiyaglarini karsilayamadigi sonucuna ulagmistir
[12]. Giirer ve Ugurlar (2017) tarafindan yapilan aragtirmada kent parklarinda kullanici memnuniyeti, Ankara Kugulu
Park 6rnegi tizerinden incelenmis, parklarin alan biiyiikliigii ve aktivite sayisina kiyasla park alanindaki temizlik, bakim
ve sunulan hizmetlerin memnuniyet agisindan daha 6nemli oldugu belirlenmistir [13]. Dolayisiyla kent merkezlerinde
konumlanan parklarin alansal biiyiikliigliniin yani sira fonksiyonel olmasi ve kullanicilarin ihtiyaglarina yanit vermesi
Onemli gorulmektedir. Soydan (2020), kent parklarindaki kullanici memnuniyetini Nigde Orneginde incelemis,
parklarda sunulan imkéanlarin kentlesmeden kagan insanlar i¢in dogal ortamlar olusturdugunu, parklarin tasarimi ve
faaliyet alanlarmin parkin tercih edilme durumunu ve yagam kalitesini etkiledigini belirtmistir [14].

Parklarin ekonomik, ekolojik ve sosyo-kiiltiirel faydalarinin bulunmasina kargin, kullanict memnuniyeti ya da
kullanic1 gereksinimleri dikkate alinmadan diizenlendiginde aktif olarak kullanimdan uzaklagsmaktadir. Yapilacak yeni
tasarimlarda kullanict memnuniyetin dikkate alinmasi, mevcut park alanlarinda ise bakim, onarim, diizenleme
islemlerinin bu yonde yapilmasi dnem tagimaktadir. Diyarbakir kentinde de kentlinin tercih ettigi parklar mevcut olup,
cesitli eksikliklere ya da sorunlara sahip olduklar1 bilinmektedir. Bu baglamda ¢alismada, kentteki (¢ parkta mevcut
duruma yonelik kullanici memnuniyetinin 6l¢llmesi amaglanmakta, gelistirilecek onerilerin sonraki ¢alismalar ya da
uygulamalar i¢in 6rnek olmasi beklenmektedir. Cesitli kentlerdeki parklarda kullanici memnuniyetini degerlendiren
caligmalar olmasina ragmen, Diyarbakir'in bu anlamda ele alinmamis olmasi ¢alismanin 6nemini ortaya koymaktadir.
Caligma kapsaminda kullanict memnuniyetini 6lgmek amaciyla anket ¢aligmasi yapilmig ve veriler SPSS programinda
degerlendirilmistir.

2. Materyal ve Metot

Caligma alami olarak segilen Diyarbakir, Tiirkiye'nin Giineydogu Anadolu Bélgesi'nde yer alan tarihi ve
kiiltiirel degerlere sahip sehirlerden biridir. Koklii tarihi ge¢misi olan Diyarbakir, bircok medeniyetin izlerini
barindirmaktadir. Tarihi Surigi bdlgesinde baslayan yerlesim, zamanla kuzey ve bati yonlerinde geliserek Yenisehir,
Baglar ve Kayapinar il¢elerine dogru biiyiimiistiir. Hizla biilyiimeye devam eden Diyarbakir'in 2007 yilinda 1.460.714
kisi olan niifusu, 2023 yilinda 1.818.133 kisi olmustur (Sekil 1).
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Sekil 1. 2007-2023 yillari arasinda Diyarbakir niifusunun degisimi [15]

Caligmada niifus yogunlugunun fazla oldugu ilgelerde yer alan, toplumun ¢ogu tarafindan bilinen, konumu
itibari ile kolaylikla ulasilabilen “Goletli Park, 15 Temmuz Sehitler Parki ve Park 75” olarak adlandirilan ii¢ park
degerlendirilmistir. Arastirmaya dahil edilen parklarin belirlenmesinde konum, biiyiiklik ve peyzaj ogeleri etkili
olmustur. Goletli Park 394.338 kisilik niifusa sahip Baglar il¢esinde, 15 Temmuz Sehitler Parki ve Park 75 ise 425.143
kisilik niifusa sahip Kayapinar il¢esinde yer almaktadir [15] (Sekil 2).

&

Park 75

/8 selahattin
Eyyubi

Diyarbakir 1 &

SR

Sekil 2. Arastirma alanlarinin konumu

Google Earth tizerinden yapilan 6l¢iimlere gore Goletli Park 5.75 ha, 15 Temmuz Sehitler Parki 7.5 ha ve Park
75 ise 13 ha alan kaplamaktadir (Tablo 1).

Tablo 1. Arastirma alanlarinin genel dzellikleri

Park adi Konum/ il¢e ad1 Buyukluk (ha) Yapim Yih
15 Temmuz Sehitler Park1 Kayapmar 7.5 2002
Goletli Park Baglar 5.75 2013
Park 75 Kayapinar 13 2019

15 Temmuz Sehitler Parki: Eski ismi Park Orman olan 15 Temmuz Sehitler Parki icerisinde kafe, ¢ocuk
oyun alani, yiiriiylis yollari, piknik iiniteleri bulunmakta olup fotografcilik, spor etkinligi gibi birgok aktiviteye imkan
sunmaktadir (Sekil 3).
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Sekil 3. 15 Temmuz Sehitler Parki konumu ve aktivite alanlart

Goletli Park: 2013 yilinda tamamlanan ve yaklagik 1 hektar1 gélet olan Goletli Park, Diyarbakir’in ilk su park1
olma o6zelligine sahiptir. Parkta ada kafeterya, yarimada seklinde bir amfi tiyatro, 3 ayr kafeterya, biife, yiiriiyiis yollar
ve oturma gruplar1 bulunmaktadir. Deniz bisikleti ile golette gezinti yapilabilmektedir (Sekil 4). Parkta bulunan havuz
sistemiyle sularin hareketleri, dinamik yapisi ve sesi sayesinde kullanicilarin duygusal ve deneyimsel bag:
desteklemektedir. Su 6gesi, ortamin iklimine olumlu katkilar saglamanin yaninda gorsel agidan da dikkat ¢ekmektedir.
Cim yiizeylerin yogun oldugu parkin etrafina konumlandirilmis aydinlatma elemanlarinin sayisinin fazla olmasi
kullaniciya, korunma ve giivenlik hissi olusturmaktadir. Alanin sinirinda yer alan yiiriiyiis yollar1 ve oturma gruplari
kullanicinin fiziksel aktivitelerini desteklerken eglenceli vakit gegirmelerini de saglamaktadir. Yiirliyiis yollarin
kenarlarinda bulunan agaclar golgeli bir alan olustururken, farkli ve renkli bitkiler estetik goriiniime katki sunmaktadir.

Sekil 4. Goletli Park konumu ve aktivite alanlari

Park 75: Park 75’te sentetik buz pisti, aqua park, kaykay pisti, kafe, golet, midilli alani, ¢ocuk oyun alani,
miizikli su oyunu, spor alani, yiiriiylis yollar1 gibi birgok aktivite alan1 bulunmaktadir (Sekil 5). Bitki yogunlugunun
fazla oldugu Park 75, c¢ocuk oyun alanlari, egitim atdlyeleri, aqua park, golet gibi su O6geleri olanaklarinin
degerlendirildigi kapsamli spor ve dinlenme faaliyetlerinin bulundugu bir park olarak diizenlenmistir.
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Sekil 5. Park 75 konumu ve aktivite alanlar

Parklarm  kullanim sikligt ve yogunlugu kullanici memnuniyeti ile dogru orantili olarak gelisme
gostermektedir. Giiniimiizde birgok sektdriin ve ¢aligma alaninin odak noktasinda olan “kullanici memnuniyeti”
kavrami [16] mekéana baghlikla iliskilendirilmekte, bazi ¢aligmalarda bireylerin gesitli tepkilerini ve davraniglarimni
vurgulamak i¢in kullanilmaktadir [14]. Ulusal ve uluslararasi literatiirde cesitli kentlerdeki parklarda kullanici
memnuniyetini belirleyen ¢ok sayida ¢alisma bulunmaktadir. Zamanis, vd., (2024) yesil alanlarin ¢gevresindeki kullanici
profilinin memnuniyetini degerlendirmek amaciyla izmir ili Karsiyaka ilgesindeki ii¢ parkta 100 kullaniciya anket
uygulamis, park alanlarindaki yesil alan yogunlugunun ve niteliginin kullanicilarin memnuniyet diizeylerini etkiledigini
ortaya koymustur [17]. Bekar ve Giilpinar Sekban, (2018) calismalarinda, Trabzon ilinde &nemli rekreasyon
alanlaridan biri olan Besirli kiy1 glizergdhinda kullanict memnuniyeti ve tercihlerini sorgulamak amaciyla 150 kisi ile
anket yapmustir [18]. Calismada, Besirli kiy1 glizergdhinin mevcut potansiyeline gore hizmet edemedigi ve kent halkinin
gereksinimlerini yeterince karsilayamadigi sonucuna ulagilmistir [18]. Benzer bir ¢alismada Maltepe-Kartal kiy1 bandi
kullanicilarinin rekreasyonel memnuniyet diizeylerini belirlemek amaciyla 423 kullaniciya anket uygulanmistir. Kiy1
bandinda tasima kapasitesinin asilmasi, donati elemanlarinin (¢6p kutusu, tuvalet, bank, vb.) ve otopark alanlarinin
yetersizligi gibi sorunlar tespit edilmistir [19].

Giresgioglu ve Demir (2019), Diizce Melensu parki Ornekleminde uzmanlarin memnuniyetlerini
degerlendirmistir [20]. Uzman kisilerin memnuniyetini etkileyen faktorler arasinda parkin sahip oldugu yesil dokunun
niteligi ve yogunlugu, parkta sunulan hizmetlerin kalitesi, pakin bakimliligi, temizligi, giivenligi gibi konular yer
almaktadir [20]. Kogan ve Metin (2020), kent parkinin kullanim islevlerinin ve kullanicilarin beklentilerinin
belirlenmesi amaciyla Uskiidar’da yer alan Fetihpasa Korusu’nu ele almislardir [21]. Calismada, 384 kisiye 16 sorudan
olusan anket uygulayarak kullanici memnuniyeti O6lgiilmils, alanin daha etkin kullanimina yo6nelik Oneriler
gelistirilmistir [21]. Ordu kenti, Altinordu ilgesini ele alan ¢aligmada 173 kisiye ile anket uygulanarak kullanicilarin
genellikle hangi parki kullandiklari, memnuniyet diizeyleri ve parklarda karsilastiklar1 olumsuzluklar tespit edilmistir
[22]. Giresun kentinde yer alan 35 adet parkta 400 katilmci ile gergeklestirilen anket sonuglarina gore, parklar
kullanicilar tarafindan “kolay ulagilabilir” olarak nitelendirilmekte, ancak parklardan duyulan memnuniyet dizeyi
“orta” olarak degerlendirilmektedir [23].

Kogan ve Metin (2020), Istanbul ili Uskiidar ilgesinde yer alan Kiigiik Camlica Korusu’ndaki peyzaj
tasarimlar1 ve alan kullanimlanyla ilgili goriisleri belirlemek amaciyla 384 kisiyle 16 sorudan olusan anket uygulayarak
kullanict memnuniyetini ortaya koymustur [24]. Kahya ve Yerli (2018), c¢alismalarinda Adapazari kentinde yer alan
Kent Park’ta 120 kisiye anket uygulayarak kullanicilarin en ¢ok tercih ettigi etkinlikleri, alana gelmeden onceki ve
geldikten sonraki beklentilerini degerlendirmistir [25]. Alkan (2019), ¢alismasinda Canakkale kentinde bulunan ug
parkta 100 kullaniciyla anket yaparak mevcut donati ve olanaklar ile memnuniyet oranlari arasindaki iligkiyi
belirlemistir [26].
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Literatiirde genellikle “kullanict memnuniyeti” ele alinmakta olup, cesitli alanlarda “kullanim sonrasi
degerlendirme” yontemin de kullanildigr gorilmektedir. Kullanim Sonrast Degerlendirme Yontemi (KSD),
kullanicilarin diisiince ve isteklerini ele alarak, alanin tasarim ve uygulama siireglerini yonlendiren yontemlerden biridir
[27]. Pouya ve Topaloglu (2021), Zonguldak’ta yer alan Filyos Sahil Parki’'nda kullanici memnuniyetinin
degerlendirilmesi ve parkin eksiklerinin tespit edilmesi amaci ile KSD metodunu kullanmigtir [27]. Pouya ve Sekman
(2020), Malatya’da yer alan ti¢c meydan1 KSD yontemi ile degerlendirerek, meydanlarin fiziksel, algisal ve islevsel
olarak gelistirilmesi gerektigini ortaya koymustur [28]. Dindar vd., (2023), COVID-19 pandemisi sonrasinda parklarin
kullanict memnuniyetinin incelenmesi amactyla, Bursa ili Niliifer ilgesinde bulunan 14 parkta 40 sorudan olusan anket
calismasi gergeklestirerek kullanim sonrasi degerlendirme yapmistir [29].

Uluslararasi ¢calismalarda da kentsel dlcekte ¢esitli alanlarda kullanici memnuniyeti ele alimmigtir. Shaaban vd.,
(2022), kullanicilarin yol agindan memnuniyetini etkileyen faktorleri degerlendirmis [30], Zhao vd., (2024),
Hollanda'da ¢evrimigi bir anket araciligiyla 322 kisiye ulasarak kent parki, mahalle agik alanlari ve 6zel bahgelerin
bireylerin 6znel refahiyla olan iligkisini ortaya koymustur [31]. Roberts vd., (2019), ¢alismalarinda, Birlesik Krallik'in
Bradford kentinde dogan 652 kadma anket uygulayarak, yoksulluk ve etnik nitelikler ile park ozellikleri, park
memnuniyeti ve park kullanimi arasindaki iligkileri incelemistir [32]. Maniruzzaman, vd., (2021), Suudi Arabistan'in
Dammam kentinde ii¢ park 6rneginin kullanicilar1 olan 192 kisiyle anket yaparak, segilen dgelerle ilgili memnuniyet
diizeylerini degerlendirmistir [33]. Ojeda-Revah vd., (2017), Latin Amerika’da yer alan iki parkta 16’sar kisi ile
goriiserek, kentsel park tasarimina iligkin yasal ¢ergevenin kullanict memnuniyetini nasil etkiledigini ortaya koymustur
[34].

Kentlerde bireylerin yasam alanlarinin 6nemli bir pargast olan parklardaki memnuniyet, ayni zamanda
kullanicilarin yagam kalitesinin de belirleyicisidir [13]. Dolayisiyla, aragtirmada kullanici tercihi ve memnuniyet diizeyi
ortaya konarak sorunlara yonelik ¢6ziim Onerilerinin gelistirilmesi amaglanmistir. Arastirmada veri toplama araci olarak
katilimeilarin demografik 6zelliklerini tanimlamaya yardimei olan ve parklarla ilgili memnuniyet diizeylerini 6lgmeyi
saglayan anket formu kullanilmistir. Anketlerin yiiz ylize uygulandigi ¢alismada, yerinde gdzlem ve fotograflama
tekniklerinden yararlanilmistir. Anketin birinci boliimii demografik bilgileri icermekte olup, ikinci boliimiinde 3’li
derecelendirme tiiriinden toplam 15 soru bulunmaktadir. Bu kapsamda kullanicilarin sosyo-ekonomik 6zellikleri, parki
kullanim amaglari, parklarin etkinligi, islevselligi, tasarim Ozellikleri, topluma ve kente sagladigi faydalari ortaya
¢ikaran sorular olusturulmustur.

Katilimcilardan elde edilen veriler dogrultusunda anketin giivenirlik katsayis1 hesaplanmig ve 15 madde ile
Cronbach Alpha giivenirlik katsayisi 0.85 olarak bulunmustur. Giivenirlik katsayisi, nicel arastirmalarda veri toplama
araglarinda yer alan ifadelerin birbirleriyle olan tutarlilifini ifade eden, 0-1 araliginda deger alan bir o6zelliktir.
Dolayisiyla bu deger anketin genel olarak tutarligiin saglandigim gostermektedir.

Arastirmada sehirde bulunan ti¢ farkli parka gidilerek buralarda basit seckisiz 6rnekleme yontemi kullanilarak,
katilimcilardan veriler toplanmistir. Bu baglamda Park 75 alaninda 140 katilimci, Goletle Park’ta 64 ve 15 Temmuz
Sehitler Parki’'nda 84 katilimciya anket uygulanmustir. Parklardaki kullanict yogunlugu anket sayisinda etkili olmus,
Park 75’1 kullanan kisi sayisinin fazlalig1 anketlerin uygulanmasi esnasinda daha ¢ok kisiye ulasilmasini saglamistir.

Yapilan anketler SPSS24 veri analiz programi ile degerlendirilmis, parklarla ilgili goriisler, olumlu ve olumsuz
yonler ile eksiklikler saptanarak parklarin niteliginin artirilmasina yonelik 6nerilerde bulunulmustur. Arastirmada
katilimcilara uygulanan anketten elde edilen veriler nicel veri analiz yontemleri kullanilarak analiz edilmistir.
Analizlerde degiskenler ylizde ve frekans dagilimlar ile agiklanmis, ayrica anketten elde edilen verilerde her bir park
i¢in kullanicilarin memnuniyetleri ayr1 ayri verilmistir. Yas, cinsiyet, egitim durumu, parka gelis amaci, parka ulagim,
parkta gecirilen siire gibi bazi degiskenlerle parklardaki memnuniyet diizeyi arasinda iliski kurulmustur. Analizlerde
katilimcilarin parklardan memnuniyet diizeylerinin karsilagtirmasinda cinsiyet degiskeni i¢in bagimsiz dérneklem t testi,
parka gelis amacinin karsilastiriimasi icin ANOVA testi kullanilmistir. T testi ile iki 6rneklem gurubu arasindaki
ortalama farkin olup olmadigi incelenmektedir. ANOVA testiise 2’den fazla sayida ortalama degeri birbiriyle
kargilastirarak, bu ortalamalar arasinda anlamli bir fark olup olmadigim test etmek icin kullanilan istatistiksel bir
yoéntemdir [35].

3. Bulgular

Calisma alanim olusturan parklar Baglar ve Kayapmnar ilgesinde yer almaktadir. Ozellikle 1980 sonrasinda
gocle gelenlerin tercih ettigi yerlesim yerlerinden biri olan Baglar bélgesi gecekondu ve apartkondu yapilariyla giderek
biliytimiistiir [36]. Baglar, giiniimiizde doniistime ihtiyact olan yap1 stokunun oldugu alanlarin yani sira, son dénemde
hizla gelisen giivenlikli siteleri barindiran ilge durumundadir (Sekil 6). Kayapimar ise 2000 sonrasinda gelisme gdsteren,
cok katli yapilarin yer aldig1 planli gelisen yerlesim yerlerindendir. Giivenlikli sitelerin ve ticari yapilarin varligr alt
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merkez olma 6zelligi kazandirmistir. Her iki ilgede de yesil alan ihtiyaci parklara ek olarak son yillarda insa edilen site

bahgelerinde karsilanmaya ¢alisilmaktadir.
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Sekil 6. Diyarbakir kentinin mekansal biiytimesi ve incelenen parklarin konumu ([37] ve [38] ten gelistirilmistir)

Demir Kayan ve Bigen (2024), Diyarbakir kent merkezindeki agik ve yesil alanlari degerlendirdikleri
caligmalarinda Kayapinar ilgesinde 51 adet, Baglar ilgesinde ise 41 adet park tespit etmislerdir [39]. Kayapinar’da
incelenen 15 Temmuz Sehitler Park1 ve Park 75 alansal olarak 10,5 ha olup, ilge merkezideki agik ve yesil alanlari %
10’unu olusturmaktadir. Baglar’da yer alan Goletli Park ise 5,75 ha olup, Baglar il¢esindeki toplam ag¢ik ve yesil
alaninin % 4,9 unu olusturmaktadir (Tablo 2). iki ilce de kisi basina diisen yesil alan miktarlar1 yetersiz goriilmektedir.
Calisma kapsaminda incelenen ii¢ park Diyarbakir’da bilinen ve kentte yasayanlar tarafindan tercih edilen parklar
olmakla birlikte, cogunlukla kullanict kitlesini yakin ¢evrede oturanlar olusturmakta ve mahalle 6lgeginde park olarak
degerlendirmektedir.

Tablo 2. Kayapinar ve Baglar ilgelerindeki aktif yesil alanlarin dagilimi [39]

iice Yerlesim alam | Aktif Yesil Alan | Kisi Basina | Tespit Edilen
biiyiikliigii (ha) Biiyiikliigii (m?) Diisen Yesil Alan | Park Sayisi
Miktar1 (m?)
Kayapiar 5.178,42 1.042.041,89 2,88 51
Baglar 3.622 1.172.660,90 3,21 41

Calismanin bu boliimiinde, katilimcilarin demografik 6zellikleri ve yapilan analiz sonucunda verdikleri yanitlara
iligskin bilgiler tablolar halinde sunulmus ve agiklanmistir. Uygulanan anketlerin %48.6’s1 Park 75°te ,%22.2’si Goéletli
Park ve %29.2°si 15 Temmuz Sehitler Parki’nda yapilmistir. Katilimeilarin %47.2°si 18-25 yas,% 25’1 26-35 yas
araligindadir (Tablo 3). Anket uygulanan kullanicinin %60.4'i erkek ve %39.6's1 kadindir. Katilimeilarin yarisi lise ve
alt1 egitim seviyesine sahiptir. Universite ve lisansiistii egitim seviyelerine sahip ziyaretcilerin oranlari ise sirasiyla
%38.2 ve %]11.8 olarak belirlenmistir. Katilimcilarin ¢ogu (%57.6) 20.000 TL'nin altinda gelire sahiptir. 2024 yil1 briit
asgari Ucret 20.002,50 TL ve net asgari Ucret 17.002,12 TL [40] olup, parklari kullananlarin bityiik kismini diisiik gelir
grubundaki kisiler olusturmaktadir. Park ziyaretcilerinin biiylik bir kisminin 6grenci (%34.7) ve kamu personeli
(%27.1) oldugu belirlenmistir. Diger meslek gruplari daha kiigiik oranlara sahiptir (Tablo 3).
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Tablo 3. Katilimcilarin demografik 6zellikleri

Demografik Ozellikler N %
Park 75 140 48.6
Park Goletli Park 64 22.2
15 Temmuz Sehitler Parki 84 29.2
18-25 136 47.2
Yas 26-35 72 25.0
36-45 38 13.2
46 ve lzeri 42 14.6
Cinsiyet Kadin 114 39.6
Erkek 174 60.4
Lise ve alt1 144 50.0
Egitim Durumu Universite 110 38.2
Lisansisti 34 11.8
20.000 TL alts 166 57.6
20-30.000 TL 46 16.0
Gelir Durumu* 30-40.000 TL 32 11.1
40-50.000 TL 22 7.6
60.000 TL ve Uzeri 22 7.6
Kamu Personeli 78 27.1
Ogrenci 100 34.7
Ozel Sektor Calisan 20 6.9
Meslek Serbest Meslek 42 14.6
Esnaf 14 4.9
Ev Hanimi 28 9.7
Calismiyor 6 2.1
Toplam 288 100
*1 Euro=36,74 TL (16.12.2024)

Katilimcilarin gogu (%58.3) yiirtiyerek parka ulagsmaktadir. Katilimeilarin %31.9°u haftada birkag kez, %18.8°1 her
giin parka gelmektedir. Katilimcilarin biiyiikk ¢ogunlugu (%66.7) 1-5 saat arasinda parkta zaman gecirmektedir.
Katilimeilarin en yaygin parka gelme amaci, arkadaslarla gezme (%30.6) ve bos zamanini degerlendirme (%29.2)
seklindedir. Ayrica katilimeilarin %43.8’inin parka arkadaslariyla, %19.4’iinilin aile bireyleriyle, %19.4’liniin tek ve
%17.4%linlin ¢ocuklarla geldigi belirlenmistir (Tablo 4).

Tablo 4. Katilimcilarin parka erigim durumlari

Katihmcilarin Parka Erisim Durumlari N %
Yiriyerek 168 58.3
Parka Ulagim Ozel Aragla 92 31.9
Toplu Tagima 28 9.7
Her giin 54 18.8
Haftada birkag kez 92 31.9
Parka Gelis Sikhg: Haftada bir 50 174
Ayda birkac kez 28 9.7
Ayda bir 64 22.2
1 saatten az 82 28.5
Parkta Gegirilen Sire 1-5 saat 192 66.7
6-10 saat 14 4.9
Spor 36 12.5
Cocuklar icin 74 25.7
Piknik 2 0.7
Parka Gelme Amaci Arkadaslarla gezme 88 30.6
Parkin tasarimi 4 14
Bos zaman 84 29.2
Aile 56 19.4
Parka Kimle Geldigi Tek 56 19.4
Cocuklar 50 17.4
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Arkadas

126

43.8

Toplam

288

100

Katilimeilarin anket maddelerine verdikleri yanitlar Park 75, Goletli Park ve 15 Temmuz Sehitler Parki igin evet,
kismen, hayir segenekleriyle yiizdelik dilimde sunulmugtur (Tablo 5).

Tablo 5. Katilimcilarin anket maddelerine verdikleri yanitlar

Evet (%) Kismen (%) g/glr
. Park 75 25.7 25.7 48.6
;gfl‘i’gfﬁlz‘ie bulunan  parklar  sayica g5 eq1i park 138 188 375
15 Temmuz Sehitler Parki 19.0 31.0 50.0
. . Park 75 67.1 24.3 8.6
Sé;zﬁ‘rf‘lakt;(ii?‘m rahat birsekilde G517 Park 56.3 125 313
15 Temmuz Sehitler Parki 71.4 16.7 11.9
Park 75 25.7 28.6 45.7
3. Parkta otopark sayis1 yetersizdir. Goletli Park 344 9.4 56.3
15 Temmuz Sehitler Parki 16.7 16.7 66.7
. Park 75 30.0 40.0 30.0
3;;5:]((1“. engelli  kullannmi  agisindan Goletli Park 188 219 594
15 Temmuz Sehitler Parki 33.3 16.7 50.0
Park 75 27.1 314 41.4
5. Parkta aydinlatma yeterlidir. Goletli Park 31.3 25.0 43.8
15 Temmuz Sehitler Parki 26.2 21.4 52.4
Park 75 25.7 44.3 30.0
6.Parkta rekreasyonel faaliyetler yeterlidir. Goletli Park 21.9 31.3 46.9
15 Temmuz Sehitler Parki 47.6 33.3 19.0
o Park 75 40.0 34.3 25.7
;6}; flgtoas ;‘e‘iﬁ‘;(‘izgir.b“kﬂ“ wgundur Ve T Goletli Park 313 94 594
15 Temmuz Sehitler Parki 50.0 21.4 28.6
L Park 75 35.7 40.0 24.3
ié;?ﬁgﬁt:(ilsm ve onarimi diizenli olarak Goletli Park 219 28.1 500
15 Temmuz Sehitler Parki 50.0 23.8 26.2
Park 75 41.4 34.3 24.3
9. Parkta giivenlik sorunlari bulunmaktadir Goletli Park 68.8 21.9 9.4
15 Temmuz Sehitler Parki 66.7 26.2 7.1
Park 75 20.0 40.0 40.0
10. Park aksam kullanimi i¢in uygundur. Goletli Park 21.9 34.4 43.8
15 Temmuz Sehitler Parki 45.2 33.3 21.4
11. Parkta her yasta ¢ocuklar i¢in oyun pa.rk 7.5 60.0 27.1 12.9
alanlar1 bulunmaktadir. Goletli Park - 125 18.8 68.8
15 Temmuz Sehitler Parki 42.9 11.9 45.2
Park 75 22.9 314 45.7
12. Parktaki agaclar yeterlidir. Goletli Park 375 18.8 43.8
15 Temmuz Sehitler Parki 69.0 19.0 11.9
Park 75 20.0 44.3 35.7
13. Parktaki oturma alanlar1 yeterlidir. Goletli Park 31.3 18.8 50.0
15 Temmuz Sehitler Parki 54.8 26.2 19.0
Park 75 10.0 27.1 62.9
14.Parkta lavabo gibi imkanlar yeterlidir. Goletli Park 6.3 6.3 87.5
15 Temmuz Sehitler Parki 24 4.8 92.9
Park 75 7.1 35.7 57.1
15. Parkin hijyeni yeterlidir. Goletli Park 3.1 18.8 78.1
15 Temmuz Sehitler Parki 19.0 21.4 59.5

Tablo 5’ten elde edilen sonuglara gore;

o Park 75 (%48.6) ve 15 Temmuz Sehitler Parki (%50.0) i¢in katilimeilarin yaklagik yarisi gevrede
bulunan parklarin sayica yeterli olmadigini,
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e Ug park igin katilimcilarin bilyiik bir kismi1 parklara ulasimin rahat bir sekilde saglandigini, ancak
park ¢evresindeki otoparklarin yetersiz oldugunu,

e Katilimeilarin biiyiik bir kismi parklarin engelli kullanimina uygun olmadiginit Park 75’in kismen
(%40.0) uygun oldugunu,

e Katilimcilarin yaklagik yarisi parklarda aydinlatmanin yeterli olmadigini,

e Rekreasyonel faaliyetler bakimindan katilimcilarin ¢ogu Goletli Park ve Park 75’in yetersiz, 15
Temmuz Sehitler Parki’nin (%47.6) bu agidan daha yeterli oldugunu,

e Katilimcilarin ¢ogu 15 Temmuz Sehitler Parki (%50.0) ve Park 75 (%40.0) igin bitkilerin uygun,
Goletli Park (%59.4) igin bitkilerin uygun olmadigini,

e Katilimcilarin biiyiik bir kismi Goletli Park’ta (%50.0) bakim ve onarimmin yapilmadigini, Park
75’te (%40.0) kismen yapildigini, 15 Temmuz Sehitler Parki’'nda (%50.0) ise dizenli olarak
yapildigini,

e Katilimeilarin ¢ogu ti¢ parkta giivenlik dnlemlerinin yeterli olmadigini,

e Katilimcilarin biiylik bir kismi1 Park 75 (%40.0) ve Goletli Park (%43.8) i¢in aksam kullanimin
uygun olmadigini, 15 Temmuz Sehitler Parki (%45.2) i¢in ise aksam kullanim igin uygun oldugunu,

e Katilimcilarin ¢ogu ¢ocuk oyun alanlarinin Park 75'te (%60.0) uygun oldugu, Goletli Park (%68.8) ve
15 Temmuz Sehitler Parki’nda (%45.2) ise uygun olmadigini,

o Park 75 (%45.7) ve Goletli Park’taki (%43.8) agaclarin yeterli olmadigini, 15 Temmuz Sehitler
Park’indaki (%69.0) agaclarin ise yeterli oldugunu,

e Oturma alanlarinin 15 Temmuz Sehitler Parki'nda(%54.8) yeterli oldugunu, Park 75 (%35.7) ve
Goletli Park'ta (%50.0) yetersiz oldugunu,

e Lavabo gibi imkénlar bakimindan incelenen biitiin parklarin genel olarak yetersiz oldugunu,
e Ug parkin hijyen bakimindan yiiksek diizeyde yetersiz oldugunu,
belirtmislerdir.

Parklarda yapilan gézlemlere gore, Park 75°teki yiiriiylis parkuru, ulasim bakimindan yeterli iken ¢ocuk oyun
alanlari, oturma birimleri, aydinlatma, giivenlik, otopark, lavabolar, kafe ve agaclandirma gibi 6zellikler bakimindan
yetersizdir. Goletli Park’mn yiiriiylis parkuru ve ulasim bakimindan yeterli, diger 6zelliklerin yetersiz oldugu, 15
Temmuz Sehitler Parki’nin ise yiirilyiis parkuru, ulagim ve agaclandirma 6zellikleri agisindan yeterli oldugu ancak diger
Ozelliklerin yetersiz oldugu belirlenmistir. Katilimeilarin park alanlarindaki fiziksel aktivitelerinin gézleme dayal
yeterlik 6zellikleri incelenmistir. Bu kapsamda Park 75 incelendiginde lavabolarin kirli oldugu ve say1 bakimindan
yetersiz oldugu goriilmektedir. Ayrica, oturma alanlarinda banklarmn kirik oldugu, yiiriiyiis alanlarinda su birikintilerinin
ve ylrilylis glizergahlarinin bozuk oldugu belirlenmistir. Goletli Park i¢in ise yine yagmur yagdiginda su birikintilerinin
olustugu, agaclandirmanin yetersiz oldugu, gol suyunun temiz olmadigi ve goliin kiyisinda giivenlik halatinin olmadigi
goriilmektedir. 15 Temmuz Sehitler Parki’'nda ise ¢esme sayisi ve lavabolarin yetersiz oldugu, oturma alanlarnin ve
aydinlamanin yetersi oldugu goriilmiistiir. Aragtirmada incelenen bu parklara iliskin genel olarak bakimsiz olma,
yetersizlik ve kullanicilarin ihtiyaglarini karsilayamama gibi sorunlarin yagsandigi anlasilmaktadir.

Calismada, katilimeilarin cinsiyetlerine gore parklardan memnuniyet diizeylerinin karsilastirmas1 bagimsiz
orneklem t testi ile analiz edilmistir. Yapilan analiz sonucunda cinsiyet bakimindan Park 75 ve Goletli Park alanlarinda
anlamli farklilik meydana gelmedigi, buna karsilik 15 Temmuz Sehitler Parki’nda cinsiyete gore farklilik (p<0.05)
meydana geldigi belirlenmistir (Tablo 6). Buna goére erkek katilmcilarin 15 Temmuz Sehitler Parki’ndan
memnuniyetlerinin daha ytiksek oldugu belirlenmistir.
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Tablo 6. Katilimcilarin cinsiyetlerine gore parklardan memnuniyet diizeylerinin karsilagtirmasi

Aritmetik

Cinsiyet N Ortalama Standart Sapma t sd p
s Che % U0 S m oms
Goletli Park Iéralfgﬁ }12 gigigg g:ggigé -1.478 62 0.145
L

Ek olarak galismada katilimcilarin parka gelis amacina gore parklardan memnuniyet diizeylerinin karsilagtirmasi
ANOVA test ile analiz edilmistir. Yapilan analiz sonucunda parka gelis amaci bakimindan Park 75 ve Goletli Park
alanlarinda anlamli farklilik meydana gelmedigi, buna karsilik 15 Temmuz Sehitler Parki’nda farklilik meydana geldigi
(p<0.05) belirlenmistir (Tablo 7). Analizler sonucunda parka ¢ocuklar i¢in gelen katilimcilarda genel olarak parktan

memnuniyetin daha yiiksek oldugu belirlenmistir.

Tablo 7. Katilimcilarin parka gelis amacina gore parklardan memnuniyet diizeylerinin karsilagtirmasi

Aritmeti

Standart

Parka Gelis Amaci N k Ortalama Sapma F p
Spor 18 36.6667 6.56192
Cocuklar icin 54 39.0370 5.26635
Park 75 Arkadaglarla gezme 42 39.0000 5.82677 4 1.943 0.107
Parkin tasarimi 4 39.5000 4.04145
Bos zaman 22 35.6364 6.34369
Spor 12 39.1667 9.52350
Cocuklar icin 4 34.5000 8.66025
Goletli Park Piknik 2 32.0000 0.00000 4 1.864 0.129
Arkadaglarla gezme 18 33.8889 6.04774
Bos zaman 28 31.9286 7.96719
15 Temmuz Spor _ 6 35.0000 6.19677
Sehitler Cocuklar igin 16 43.0000 6.11010 4 6.401  0.001
Parki Arkadaglarla gezme 28 35.8571 5.77167
Bos zaman 34 39.7647 5.57624

4. Tartisma ve Sonug

Parklar insanlarin giinliik yasamin stresinden uzaklastiklari, eglenceli vakitler gegirdikleri, ¢cocuklari oyun
amaciyla getirdikleri alanlardir. Literatiirde, cesitli kentlerdeki parklarda kullanici memnuniyetinin 6lgiildigii
calismalarda genellikle, bitkilendirme, mekan kullanimi, kent mobilyalarna iliskin memnuniyet diizeyinin diisiik
oldugu gorulmektedir. Diyarbakir 6rnekleminde ele alinan bu calismada da benzer sonuglara ulagilmistir. Caligma
kapsaminda incelenen parklar 6zelinde sorunlarin degerlendirilerek gelistirilen Onerilerin uygulanmasi parklarin
kullanilabilirligi agisindan 6nemlidir (Tablo 8).

Tablo 8. Incelenen parklardaki sorunlar ve éneriler

MEVCUT DURUM ONERI
Park 75 Goletli Park 15 Temmuz
Sehitler Parki
Cevredeki  park | Yeterli Yeterlidir. Yeterli Park 75 ve 15 Temmuz Sehitler Parki’nin
sayisimin degildir. degildir. cevresindeki  park  sayis1  artirilmall,
yeterliligi planlarda yer alan parklar uygulanmalidir.
Ulasimin Rahat Rahat Rahat Mevcut ulagim sistemi, farkl
rahatlilig ulagilmaktadir. | ylasilmaktadir. | ulasilmaktadir. | mahallelerden gelenler igin toplu tasima ile
desteklenmelidir.

Otopark sayisinin | Yeterli Yeterli Yeterli Ug parkin gevresindeki otopark sayisi
yeterliligi degildir. degildir. degildir. artirilmalidir.
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Engelliye Kismen Uygun Uygun Uc park engelli  bireylerin  rahat

uygunluk uygundur. degildir. degildir. kullanimini saglayacak sekilde standartlara
uygun olarak yeniden diizenlenmelidir.

Aydinlatmanin Yeterli Yeterli Yeterli Ug parkta belirli aralikla standartlara

yeterliligi degildir. degildir. degildir. uygun aydinlatma elemanlari
yerlestirilmelidir.

Rekreasyonel Kismen Yeterli Yeterlidir. Park 75 ve Goletli Park’ta rekreasyonel

faaliyetlerin yeterlidir. degildir. faaliyetler ¢esitlendirilmelidir.

yeterliligi

Bitkilerin Uygundur. Uygun Uygundur. Goletli Park’ta iklime ve topraga uygun,

uygunlugu degildir. hos goriinen bitkilere yer verilmelidir.

Agaglarin Yeterli Yeterli Yeterlidir. Park 75 ve Goletli Park’ta golge veren

yeterliligi degildir. degildir. agag sayisi artiritlmalidir.

Bakim ve | Kismen Yeterli Yeterlidir. Park 75 ve Goletli Park’in bakim ve

onarimin yapilma | yeterlidir degildir. onarimlari yapilmalidir. Hasar géren yada

durumu yipranan kent mobilyalari yenilenmelidir.

Guvenlik durumu | Giivenlik Gilivenlik Gilvenlik Ug parkta giivenlik kontrolleri artirilmali,

sorunlari sorunlari sorunlari sorun olan yerlerde peyzaj tasarimlar
vardir. vardir. vardir. giivenli ortamlar olusturacak sekilde

yeniden diizenlenmelidir.

Aksam kullanim1 | Uygun Uygun Uygundur. Park 75 ve Goletli Park’ta aydinlatma

icin uygunlugu degildir. degildir. elemanlart artirilarak aksam kullanimina
uygun tasarimlara yer verilmelidir.

Her yasa gore | Bulunmaktadir | Bulunmamakt | Bulunmamakt | Goletli Park ve 15 Temmuz Sehitler

cocuk oyun adir. adir. Parki'nda farkli yas gruplarma yonelik

alanlarinin ¢ocuk oyun alanlarina yer verilmelidir.

mevcudiyeti

Oturma Kismen Yeterlidir. Yeterli Park 75 ve 15 Temmuz Sehitler

alanlarmin yeterlidir. degildir. Parki’'ndaki oturma elamanlarinin sayist

yeterliligi artirilmalidir.

Lavabo gibi | Yeterli Yeterli Yeterli Ucg parkta lavabo gibi imkanlar artirilarak,

imkanlar Ve | degildir. degildir. degildir. hijyene 6nem verilmelidir.

hijyenin yeterliligi

Giivenli ve saglikli ortamlar olusturulmasi, parklarin erisilebilirligi ve kent mobilyalarinin mevcudiyeti ile
yakindan ilgilidir. Incelenen parklarda &zellikle aydinlatma olanaklarinin yetersiz oldugu sonucuna ulagilmistir.
Aydmlatma bireylerin park alanlarin1 aksam saatlerinde kullanmalarina da imkén saglayan onemli bir 6zelliktir.
Aydmlatmani olmamasi durumunda parklarin yeterince kullanilamayacagi ve parklart kullanilmak isteyen bireyler
acisindan bazi giivenlik sorunlarimin ortaya cikabilecegi diistiniilmektedir. Bireylerin gegisine engel olmayacak sekilde
uygun konumda ve yeterli sayida aydilatma elemanlar yerlestirilmelidir. Parklarda genel olarak lavabo ve hijyen gibi
ozellikler agisindan sorunlarin bulundugu belirlenmistir. Parklara gelen bireylerin parklarda uzun siireli ve eglenceli
vakit gecirebilmeleri 6zellikle lavabo gibi ihtiyaglarin karsilanmasi ile yakindan ilgilidir. Dolayisiyla parklarin
temizligi, hijyeni ve lavabo imkanlar1 gelistirilmelidir.

Katilimeilarin  memnuniyetleri cinsiyete gore karsilastirilldiginda Park 75 ve Goletli Park’ta farklilik
bulunmamis, ancak erkek katilimcilarin 15 Temmuz Sehitler Parki’'ndan memnuniyetlerinin daha yiiksek oldugu
sonucuna ulagilmigtir. Katilimeilarin parklara ¢esitli amaglarla geldikleri goriilmiis, ancak 15 Temmuz Sehitler Parki’na
cocuklar i¢in gelen katilimcilarin memnuniyetlerinin daha yiiksek oldugu belirlenmistir. Farkli yas ve cinsiyetlerin bir
arada bulunmasina imkan tantyan diizenlemeler yapilmalidir.

Parklarin kullanim sikligi ve kullanicinin memnuniyet diizeyi sunulan olanaklara gore farklilagmaktadir.
Planlama caligmalarinda parklarin konumu ve biiyiikligii belirlenirken, yaya ve tasit yolu ile otopark alanlarinin iyi
kurgulanmas1 gereklidir. Mevcut parklardaki eksiklikler tespit edilerek, aktif kullanilmalarina yonelik tasarim ve
diizenlemeler yapilmalidir. Yipranan yerlerin onarimi ve bitkilerin diizenli bakimi gergeklestirilmeli, uygun konum ve
standartlarda kent mobilyalarina yer verilmelidir. Bundan sonra yapilacak olan parklarda bolge insanin beklentileri ve
istekleri tespit edilmeli, parklarin tasarimlari bu dogrultuda planlanmalidir.
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Katki Beyam

E.A: Calismanin dizayn edilmesi, verilerin toplanmasi, veri analizi ve makale yazimi. C.K: Verilerin
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Abstract

Fingerprints are crucial evidence in crime scene investigations, playing a key role in identifying victims and perpetrators.
This study focuses on enhancing the visualization of hidden fingerprints using nanoparticles and an aptasensor-based
biosensor to improve the secure identification of potential suspects. In this research, gold nanoparticles (AuNPs) were
synthesized and modified with 5,5'-Dithiobis-2-nitrobenzoic acid (DTNB) and a lysozyme aptamer for fingerprint
imaging. After modifying the gold nanoparticle surface, the solution was applied to silicon surfaces containing
fingerprints. SERS measurements taken after immobilizing the aptamer-based Raman label on the lysozyme in the
fingerprints revealed a peak at 1337 cm™!, attributed to the symmetric stretch of the nitro group in DTNB.

Keywords: Forensic Sciences; Latent Fingerprints; Lysozyme Aptasensor

! Corresponding Author E-mail: aybuke.turan@gmail.com

26


mailto:aybuke.turan@gmail.com

Nevsehir Bilim ve Teknoloji Dergisi (2024), 13(2) 26-33

Yiizeylerde Gizli Parmak izi Gorsellestirmesi Icin Hazirlanan Lizozim Aptasensoriiniin SERS
Karakterizasyonu

Oz

Parmak izleri, su¢ mahalli sorugturmalarinda kurbanlari ve failleri tespit etmede 6nemli bir rol oynayan énemli kanitlardir.
Bu calisma, potansiyel siiphelilerin glivenli bir sekilde tespitini iyilestirmek i¢in nanopartikiiller ve aptasensor tabanli bir
biyosensor kullanarak gizli parmak izlerinin gérsellestirilmesini gelistirmeye odaklanmaktadir. Bu aragtirmada, parmak
izi goriintiileme i¢in altin nanopartikiiller (AuNP'ler) sentezlenerek ve 5,5'-Dithiobis-2-nitrobenzoik asit (DTNB) ve bir
lizozim aptameri ile modifiye edilmistir. Altin nanopartikiil yiizeyi modifiye edildikten sonra, ¢6zelti parmak izi igeren
silikon ylizeylere uygulanmistir. Parmak izlerindeki lizozim iizerindeki aptamer tabanli Raman etiketinin immobilize
edilmesinden sonra alinan SERS 6l¢iimleri, 1337 cm™"'de DTNB'deki nitro grubunun simetrik gerilmesine ait bir pik
gozlemlenmistir.

Anahtar Kelimeler: Adli Bilimler; Gizli Parmak izleri; Lizozim Aptasensorii

1. Introduction

This study investigates the application of aptamers, specifically lysozyme aptamers, attached to gold nanoparticles
(AUNPs) to develop aptasensors for the improved detection of latent fingerprints. Latent fingerprints are a critical form
of evidence in forensic analysis; however, traditional detection methods often face challenges related to low sensitivity
and specificity. By incorporating nanotechnology into forensic science, this research aims to address the limitations of
conventional techniques. The use of aptamer-based biosensors that target lysozyme—a protein found in fingerprints—
provides a more targeted and environmentally friendly alternative to traditional detection methods such as cyanoacrylate
fuming and powder dusting. The conjugation of lysozyme aptamers with AuNPs improves the sensor's ability to visualize
latent fingerprints on various surfaces. This innovative approach not only advances forensic science but also introduces a
novel biosensor, the lysozyme aptasensor, specifically designed for the detection of latent fingerprints.

Nanotechnology plays a crucial role in forensic sciences, with applications ranging from toxicological assessments
and DNA typing to fingerprint detection and the analysis of explosive and firearm residues [1] This branch of science
involves the synthesis and study of materials at the atomic level, typically within the size range of 1-100 nm [2].
Nanotechnology has a broad range of applications, including drug development, electronics, textiles, and construction

[3].

Gold nanoparticles (AuNPs) are known for their small size, biocompatibility, and stability. Their synthesis is simple,
producing particles ranging from 1 to 100 nm. The optical property of AuNPs, known as Surface Plasmon Resonance
(SPR), involves the absorption and emission of light by gold electrons in response to incident radiation. AuNPs can be
synthesized in various shapes, such as nanospheres, nanorods, nanoshells, and nanoprisms [4]. These nanoparticles exhibit
selectivity, long-term stability, and sensitivity in latent fingerprint detection, making them effective on both non-porous
and porous surfaces. The amine functional groups in AuNPs bind to the fatty acids present in fingerprints, facilitating
their attachment to the surface where the fingerprint is located [5].

Identifying the type of surface on which a fingerprint is found is Crucial in forensic research. Each surface has unique
characteristics that require different fingerprint detection methods. Surfaces are generally categorized as either porous or
non-porous. Fingerprints on non-porous surfaces, such as glass, metal, and plastic, are more prone to damage or
degradation [6]. To visualize latent fingerprints, forensic teams must consider the structure, texture, color, and
environmental exposure of the surfaces where the fingerprints were found. This analysis helps determine the most
appropriate imaging method [7]. Since the 1950s, antibodies—soluble proteins from the glycoprotein family—have been
widely used as recognition probes. However, there is an increasing demand for faster, more robust, and cost-effective
molecular recognition and detection methods. Aptamers fulfill these requirements and offer several advantages over
antibodies. These include precise control during in vitro synthesis, the ability to endure non-physiological conditions such
as extreme pH, temperature, and salt concentrations, and enhanced stability due to their phosphodiester backbone.
Furthermore, aptamers can be synthesized for targets that do not provoke an immune response in vivo, such as toxic
substances [8].

Aptamers interact with their targets by forming specific three-dimensional conformations. Based on the spatial
positioning of targets within the complexes formed after binding, they can be categorized into two groups: the embedded
group and the external binding group. The embedded group includes small molecules such as ATP (adenosine
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triphosphate), cocaine, and K+, while the external binding group comprises larger molecules like thrombin and platelet-
derived growth factor-BB (PDGF-BB). There are four main strategies for designing aptamer-based biosensors: (i) the
target-induced conformational change (TISS) method, (ii) the sandwich or sandwich-like method, (iii) the target-induced
dissociation or displacement (TID) method, and (iv) the competitive displacement method [9].

Lysozyme, also known as muramidase or N-acetylmuramoyl-hydrolase, is an essential protein first identified by
Laschtschenko in 1909 and later named by Alexander Fleming in 1922. Often referred to as the body's natural antibiotic,
lysozyme plays a vital role in defense mechanisms by breaking down the cell walls of gram-positive bacteria [10].

This enzyme is found in nearly all human body fluids and serves as a biomarker for various pathological conditions,
including AIDS and leukemia, where its concentration tends to increase. Furthermore, its antibacterial properties make
lysozyme valuable in the food industry [11].

Numerous traditional techniques exist for detecting latent fingerprints, with spectroscopic methods being particularly
prominent. Spectroscopic imaging, an advanced technology that integrates digital imaging with molecular spectroscopy,
allows for the simultaneous collection of spatial and spectral information. This innovative approach has diverse
applications across scientific, industrial, and forensic fields. In forensic science, spectroscopic methods are especially
valuable for visualizing latent fingerprints and detecting microscopic particles embedded within them. Williams et al.
utilized Fourier transform infrared microspectroscopy to analyze the chemical components of latent fingerprints. As a
non-destructive technique, IR enabled the observation of changes in fingerprint composition over time. Their study
identified distinct differences between the fingerprint components of adults and children, revealing that the composition
of children’s fingerprints evolves over time [12].

Ricci and co-workers employed attenuated total reflection Fourier transform infrared spectroscopy for chemical
imaging to monitor the effects of temperature and time on fingerprints. Their analysis focused on lipid and amino
compounds present in fingerprints collected from various individuals. By examining the spectral data, they identified
temperature- and time-dependent changes in the lipid composition, shedding light on the alterations that occur in
fingerprints from the moment they are deposited until they are imaged [13].

Raman spectroscopy, a highly sensitive technique widely used in forensic science, involves the scattering of
monochromatic, single-wavelength laser beams by molecules [14]. This advanced spectroscopic method enables the
observation of molecular vibrations, rotations, and low-frequency modes. Notably, it is hon-destructive and requires
minimal sample preparation, making it particularly advantageous for forensic applications [15].

Raman spectroscopy, while valuable, is often limited in sensitivity due to its scattering cross-section, making it less
suitable for routine applications. To overcome this limitation, Surface Enhanced Raman Spectroscopy (SERS) was
developed. Connatser et al. utilized SERS to image fingerprints that were otherwise undetectable under conventional light
and heat exposure. The enhanced sensitivity of SERS enabled the detection of a wider range of substances. Their study
focused on imaging fingerprints on porous and granular surfaces that had been subjected to heat [16].

The primary distinction between SERS imaging and techniques like FTIR and other fingerprint imaging methods lies
in its focus on amino acids present in fingerprint components, rather than the more commonly analyzed hydrocarbon
signals from oils. Both Raman and IR-based spectroscopic methods provide valuable information about the functional
groups of the analyzed molecules. However, accurate interpretation of this data requires comprehensive and relevant
databases. In the absence of such databases, identification becomes significantly more challenging. Consequently, it has
been recommended that additional spectral measurements be conducted to enhance the available data and improve
analytical accuracy [17].

Zhou et al. developed a lysozyme aptasensor by modifying SERS probes (Au/pNTP/SiO2) with a lysozyme-specific
aptamer. In their study, they applied the modified aptasensor to the surface containing latent fingerprints. After allowing
the surface to dry, the fingerprints were lifted using adhesive tape and analyzed with a confocal Raman microscope. This
method successfully achieved the three levels of fingerprint recognition [18]. The study aimed to analyze latent
fingerprints using sweat, an endogenous substance, and lysozyme, a protein found in sweat. The aptasensor, modified
with gold nanoparticles (AuNPs), was designed to target lysozyme in fingerprints. Initially, the binding characterization
between the gold nanoparticles and the 5’-end thiolated lysozyme aptamer (LBA) was performed using Surface Enhanced
Raman Spectroscopy (SERS). A Raman label, 5,5’-Dithiobis(2-nitrobenzoic acid) (DTNB), was employed for imaging.
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The DTNB label was first conjugated to the AuNPs, and the LBA was subsequently modified with the DTNB-labeled
AUNPs to construct the lysozyme aptasensor.

2. Materials and Methods

The chemicals used in the study were of HPLC grade purity and were sourced from local representatives of chemical
suppliers, including Merck, Riedel, and Sigma-Aldrich.

In the initial step, a 2 g PBS tablet was dissolved in 200 ml of distilled water to prepare the stock PBS solution
(pH=7.4). Then, 50 ul of Tween-20 was added to this solution. The LBA (5-SH-C6-
ATCAGGGCTAAAGAGTGCAGAGTTACTTAG-3' (Heliks Biotechnology, Turkey) solution was prepared at a
concentration of 0.25 uM in 130.4 ml of PBS buffer. A DTNB solution (50 pM) was prepared by dissolving 19.81 mg of
DTNB in 1 ml of ethanol. Additionally, 100 ul of casein blocking agent was mixed with 2 ml of PBS solution. Piranha
solution was prepared using a 3:1 ratio of 3 ml of H,SO4 and 1 ml of H,0, [19].

Gold nanoparticles (AuNPs) were synthesized using the Turkevich method [20]. Prior to synthesis, 117 mg of tri-
sodium citrate was weighed on a precision balance to achieve a 40 mM concentration, as shown in. The tri-sodium citrate
was placed in a volumetric flask, and 10 ml of pure water was added. The solution was initially mixed using a vortex
device to ensure homogeneous dissolution and then treated in an ultrasonic mixer to ensure complete dissolution of the
tri-sodium citrate. Following the dilution processes, AUNP synthesis was carried out according to the Turkevich method.
The steps involved in this synthesis method are as follows: 50 ml of pure water was added to a volumetric flask, followed
by the addition of 20 pl of auric acid solution. The flask was then placed in an oil bath and heated to 100°C. Once the
desired temperature was reached, 5 ml of the prepared 10 ml tri-sodium citrate solution was added. After waiting for 15
minutes, the solution was stirred for an additional 10 minutes without any temperature control and finally stored at 4°C
for later use. As a result of these processes, spherical AUNPs were obtained, and the mixture was observed to have a
cherry red color, consistent with the Turkevich method.

DTNB was used as a label to obtain a signal for the characterization of AUNP-LBAs by Raman spectroscopy [21].
First, 5 ml of the AuNP solution was placed ina 10 ml tube and centrifuged at 10.000 rpm for 10 minutes. The supernatant
was discarded, and 1 ml of pure water was added to the pellet. The solution was centrifuged again at 10.000 rpm for 10
minutes, and the supernatant was discarded. Next, 1 ml of DTNB solution was added to the pellet, and the DTNB-labeled
AUNP solution was left overnight. After incubation, the solution was centrifuged at 10.000 rpm for 10 minutes to remove
any unbound particles. The supernatant was discarded, and the DTNB-labeled AuNP solution was washed with 1 ml of
PBS. This centrifugation and PBS washing process was repeated twice. Finally, the solution was centrifuged again at
10.000 rpm for 10 minutes. After discarding the supernatant, 2 ml of LBA solution was added, and the mixture was
incubated overnight at 4°C to allow the LBAS to bind to the AuNPs.

The DTNB-labeled AuNP-modified LBA solution (DTNB-AuNP-LBA) was centrifuged at 10.000 rpm for 10
minutes to remove unbound particles. After discarding the supernatant, 1 ml of casein blocking agent was added to prevent
non-specific protein binding to the AuNPs and to ensure homogeneous 3D binding. The resulting solution was incubated
at room temperature for 30 minutes and centrifuged at 10.000 rpm for 10 minutes. The supernatant, which contained non-
specific proteins and casein, was discarded, and the solution was washed with 1 ml of PBS. The DTNB-AuNP-LBA
solution was then centrifuged again at 10.000 rpm for 10 minutes, and the supernatant was discarded. Final solution was
resuspended in 1 ml of PBS.

Piranha solution was used to wash the silicon wafers prior to SERS measurement. The wafers were immersed in the
prepared Piranha solution for 20 minutes. Afterward, the silicon wafers were transferred to 98% ethanol for 20 minutes
to remove any residual Piranha solution. Fingerprints were then applied to the cleaned wafers. Following the
fingerprinting process, the silicon wafers were placed in a Petri dish, and 20 pl of the DTNB-labeled AuNP-modified
LBA solution was applied onto the wafers.

In the final stage, the Petri dish was surrounded with paraffin and stored in the refrigerator at 4°C for two hours to
allow the solution to bind to the surface. After 2 hours, one of the silicon wafers was removed from the Petri dish and
washed with PBS solution. This wafer was then placed in a separate Petri dish and stored at room temperature. The second
silicon wafer was kept in the refrigerator overnight for the binding time measurement.
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Recognizing the DTNB signal is crucial for visualizing the binding on silicon wafers that have been fingerprinted
and washed with PBS solution. In fact, the signal from an unwashed silicon wafer without fingerprints and from washed,
fingerprinted wafers will be the same if the binding to LBA is successful. If no signal is observed, or if the signal differs,
this would suggest the binding of non-specific, unwanted proteins.

To confirm this, the DTNB-AuUNP-LBA solution was applied to the silicon wafer without fingerprints, and ten scans
were performed on the SERS device to characterize the DTNB signal. Following this, the DTNB-AuNP-LBA solution,
which was bound to lysozymes in the fingerprints, was characterized by SERS on the silicon wafers that had been stored
in the refrigerator at 4°C for 2 hours and for one day.

During the experiments, the following equipment was used: a Sartorius Entris® precision scale for accurate
measurements, a SPECORD® 50 PLUS UV-VIS device for characterizing gold nanoparticles (AuNPs), a Firlabo vortex
mixer and a Bandelin (Germany) ultrasonic mixer for thoroughly mixing solutions, a Hermle Z 326 K and an Eppendorf
Centrifuge 5418 for separating unbound particles from all solutions, an N-BIOTEK NB-101MC Combination Shaker
mixer for mixing solutions during the binding period, a water/oil bath for synthesizing AuNPs, and an ExamineR™ High-
Performance Raman Microscope from DeltaNu, equipped with a 785 nm laser source, for characterizing the binding of
the lysozyme aptamer.

3. Results and Discussions

To obtain baseline values using the Ultraviolet-Visible Spectroscopy (UV-VIS) device, ultrapure water was first
added to the UV-VIS cuvette, and a measurement was recorded. Next, 100 uL of gold nanoparticles (AuNPs) were added
to the pure water in the cuvette, mixed thoroughly, and measured. The UV-VIS absorption spectrum of the synthesized
AUNPs was then obtained, showing a peak at 524 nm, as illustrated in Figure 1.
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Figure 1. Absorption spectrum of AuNP

The UV-Vis measurement of the AuNP suspension showed a maximum absorbance wavelength of 534 nm.
According to the literature, nanoparticles with this absorbance wavelength have an approximate size of 20 nm [22].

The DTNB-AuUNP-LBA solution, prepared with a 0.25 uM LBA concentration, was applied to bare silicon
wafers, and SERS measurements were performed with ten scans (Figure 2). The results indicated successful binding
between DTNB-AuNP and LBA, with a Raman vibration at 1337 cm™, which was attributed to the symmetric stretch of
the nitro group in DTNB [23].
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Raman spectra of DTNB-AuUNP-LBA solution prepared with 0.25uM LBA Solution

The DTNB-AuUNP-LBA (5 uM LBA) solution containing the Raman label was dropped onto fingerprints left on

silicon surfaces. After a

2h incubation period, the surfaces were washed, and spectra obtained from SERS scans with ten

scans are given in Figure 3. The nitro peak observed at 1337 cm™ indicated the binding of the aptamer-modified Raman

label to the fingerprints.
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SERS measurements were repeated 1 day later, and the same spectra were obtained (Figure 4).
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Figure 3. Raman Spectra of the DTNB-AUNP-LBA dropped onto a Silicon Surface Containing a Fingerprint
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Figure 4. Raman Spectra of the DTNB-AuUNP-LBA dropped onto a Silicon Surface Containing a Fingerprint (after 1

day)
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4. Conclusion

In this study, the presence of fingerprint residues on surfaces was identified using a lysozyme aptamer-based Raman
label. To enhance the SERS intensity, gold nanoparticles were synthesized. The particle size of the AuNPs was found to
be approximately 20 nm, as characterized by ultraviolet-visible spectroscopy. After modifying the gold nanoparticle
surface with DTNB and LBA, the solution was dropped onto silicon surfaces containing fingerprints. SERS measurements
were taken after the immobilization of the aptamer-based Raman label onto the lysozyme in the fingerprints. A peak at
1337 em™ corresponding to the symmetric stretch of the nitro group in DTNB was observed. The same peaks were
observed in the control after one day. After cleaning the fingerprint surface, the nitro peak disappeared from the surface
where the aptamer-based Raman label had been applied. As a result of these experiments, it was concluded that
fingerprints can be identified through mapping measurements using the SERS technique with an aptamer-based Raman
label.
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