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Abstract: The element composition of the underground and surface parts of Onobrychis buhseana
and Onobrychis bobrovi, which are distributed in the flora of Azerbaijan, was studied by an ICP-
MS device, and the amount of 26 elements (Li, Be, B, Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, As, Se, Sr, Ag, Cd, Sn, Ba, Ce, Tl, and Pb) in the raw material was determined in ppm. The
composition of raw materials is dominated by some macroelements (calcium, potassium, and
magnesium), microelements (iron and zinc), and ultramicroelements (selenium, cobalt, and
chromium). Some of the most frequent harmful trace elements, such as As and Cd, were discovered
at extremely low concentrations.

Onobrychis buhseana Bunge Ex Boiss ve Onobrychis bobrovi Grossh'nin ICP-MS

ile Elementel Analizi

Anahtar Kelimeler:
Elementel analiz,
ICP-MS,

Mikrodalga sindirimi,
Onobrychis bobrovi,
Onobrychis buhseana

Ozet: Azerbaycan florasinda yayilis gosteren Onobrychis buhseana ve Onobrychis bobrovi'nin
toprak alt1 ve toprak iistli kisimlarinin element kompozisyonu ICP-MS cihazi ile incelenmis ve 26
elementin (Li, Be, B, Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Ag, Cd, Sn,
Ba, Ce, Tl ve Pb) miktarlar1 hammaddelerinde ppm ile tespit edilmistirr. Hammaddelerin
bilesiminde baz1 makro elementler (kalsiyum, potasyum ve magnezyum), mikro elementler (demir
ve ¢inko) ve ultramikro elementler (selenyum, kobalt ve krom) baskindir. As ve Cd gibi en yaygin
toksik eser elementlerden bazilari oldukga diisiik seviyelerde bulundu.

*ligiliyazar: 1ala2002@list.ru
DOI: 10.58688/kujs.1401808
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Elemental Analysis of Onobrychis buhseana Bunge Ex Boiss and Onobrychis bobrovi Grossh Species by ICP-MS

1. INTRODUCTION

Traditional medicine (TM) forms the basis of healthcare.
Medicinal plants containing diverse elements can be used to
treat certain disorders. (WHO 2013). Plants play a crucial role
in the nutrition of humans and animals, as well as in their
medicinal treatment. They provide macro- and microelements
that are essential for various biochemical and physiological
processes.

However, some plants can absorb toxic elements from the
air or soil due to anthropogenic factors, posing a danger to
human life. Therefore, it is necessary to control toxic
compounds and heavy metals in plants (Gill, 2014; Proshad
et al., 2020).

Various methods are used to assess the quality of plant
elements: inductively coupled plasma mass spectrometry
(ICP-MS), inductively coupled plasma optical emission
spectrometry (ICP-EQS), instrumental neutron activation
analysis (INAA), atomic absorption spectrometry (Chevidaev
et al., 2023; Islam et al., 2023; Bekoe et al., 2024).

The amount of 20 chemical elements in the medicinal
plants Acanthus ilicifolius, Avicennia ofcinalis, and
Xylocarpus mekongensis was determined by instrumental
neutron activation analysis (INAA) and atomic absorption
spectrometry. The study also evaluated the potential health
risks associated with the use of these plants. (islam et al.,
2023).

The elemental analysis of Polyalthia longifolia (Sonn.)
Thwaites revealed that the levels of toxic heavy metals
(arsenic, lead, cadmium, and mercury) in the plant exceed
recommended standards (Bekoe et al., 2024).

Breast collection No. 2 was analyzed using the ICP-MS
method, which showed that the complex has a rich mineral
composition. Additionally, the levels of heavy metals and
arsenic were found to be within permissible norms
(Chevidaev et al., 2023)

The nutritional value of six plant species from Bajaur
province of Pakistan was evaluated through elemental
analysis. Different values of elemental abundances were
found depending on the phenological stage (Haq et al., 2024).

The concentrations of five macro elements (potassium,
calcium, magnesium, sodium, and manganese) in cereals sold
at Ajaka market in Igalamela, Nigeria were determined using
titration and UV-visible spectrophotometry. The analysis
results were found to be below the standard permissible limits
set by the World Health Organization (WHO)/Food and
Agricultural Organization (FAO) (Ojattah et al., 2023).

In this study, we aimed to investigate the elemental
composition of Onobrychis buhseana and Onobrychis
bobrovi species, which are widely distributed in Azerbaijan.
The elemental composition was determined by digesting the
study samples with concentrated nitric acid and analyzing
them using inductively coupled plasma mass spectrometry
(ICP-MS). ICP-MS is a cornerstone method in analytical
chemistry. It uses a high-temperature plasma source to
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atomize and ionize samples, followed by mass spectrometric
detection to precisely quantify the elemental composition. It
is renowned for its sensitivity, selectivity, and wide dynamic
range, and finds extensive application in fields ranging from
environmental science to  bioanalysis, contributing
significantly to the advancement of scientific research and
industrial analysis (Ruffolo et al., 2022). The microwave
digestion method was used before analysis. This method is
the most useful sample preparation method required for trace
metal analysis (Zhao et al., 2011).

The Onobrychis genus is a group of medicinal plants
belonging to the leguminous family. It is primarily found in
temperate zones of South Asia, the Mediterranean region,
Europe, and Asia. According to The Plant List website, the
genus has 528 distinct species, only 171 of which have been
recognized (http://www.theplantlist.org). Azerbaijan's flora
includes 22 species of the genus Onobrychis. Onobrychis
heterophylla is native to Azerbaijan and grows in the Lerik
region, while Onobrychis bakuensis is native to the Caucasus
and is prevalent in northern Iran (dnopa AsepOaiimxana,
1954; Ranjbar et al., 2010).

Onobrychis species have been reported to possess
antioxidant, antibacterial, anti-inflammatory, and anti-
carcinogenic properties (Isam et al., 2020; Altn et al., 2023).
Onobrychis is a plant that provides biological nitrogen
fixation, which helps to maintain soil fertility and vitality. It
is also cultivated as a valuable fodder plant for farm animals
and is suitable for the production of high-quality honey due
to its rich supply of nectar. The plant is abundant in proteins,
carbohydrates, phytic acid, microelements, and vitamins A,
D, E, K, rutin, and isoquercetin (Kozuharova, 2018; Beyaz
R., 2019; Emre et al., 2019; Huyen et al., 2020; Craine et al.,
2023).

The plant contains various chemical elements, classified
into three categories based on their abundance: macro-,
micro-, and ultramicroelements. These elements are crucial to
the human body as they influence essential physiological
processes such as growth, development, fertilization,
respiration, hematopoiesis, and immunogenesis.

The objective of this study is to quantify the essential and
toxic elements present in these medicinal plants and to
investigate the potential health risks associated with their use.

2. MATERIALS AND METHODS

2.1. Plant materials

During the flowering period of the plant, O. buhseana
samples were gathered from Badamli village in the Shahbuz
district of Nakhchivan MR, and O.bobrovi samples were
collected from Jengi village in the Gobustan district in May
2022. Above-ground and underground parts of both species
were sampled separately. The above-ground part of O.
buhseana species was marked as Sample 1, the underground
part as Sample 2, the above-ground part of O. bobrovi species
as Sample 3, and the underground part as Sample 4.
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2.2. Chemicals and Reagents

The reagents used during the sample preparation process
are 65% (v/v) nitric acid (HNO3) and 30% (v/v) hydrogen
peroxide (H202) products of Carlo Erba and Merck brands,
respectively. The ultrapure water was obtained by a water
purification system (Millipore Direct-Q® 3 UV).

2.3. Microwave Digestion and Sample Preparation

The microwave digestion method was used before
analysis. The process uses microwaves to heat a combined
sample with concentrated acid and dissolve the solids for
analysis. Microwave and acid digestion are known to be a
suitable method for the degradation of many kinds of samples
such as soils, organic samples, and heat-resistant alloys. At
the same time, it reduces the risk of contamination from the
external environment and allows more reliable results to be
obtained. The first step of the method is to weigh the sample
into a container and add concentrated acid. Microwave
energy causes rapid heating of the sample and concentrated
acid. Because this mixture is in a closed container, it can
reach very high temperatures. In this case, the oxidative
potential of the acid increases. In this way, concentrated acid
can separate the sample better. The device used for the
microwave digestion method consists of Milestone Ethos,
Start laboratory station with built-in temperature sensor, 640-
260 terminal with easy CONTROL software, and
HPR1000/10S high-pressure split rotor. The samples weigh
approximately 0.5 g and the weighing results are given in
Table 1.

Reagents: 6 ml of HNOs, 2 ml of H,0;

The sample was weighed, and the sample and reagents
were taken into the TMF vessel and closed using a torque
wrench. The sample was burned by the "application note"
procedure and the program below (Table 2). After
degradation, the samples filtered through filter paper were
made up to 50 ml with ultrapure water.

2.4. Element Determination with ICP-MS

The instrument used in the study was Thermo Scientific —
X Series 2 ICP-MS. Fluid flow rates were controlled with a
peristaltic pump, sample flow was pumped at 0.8 ml/min, the
wash station at 4 ml/min, and the wash station overflow at 8
ml/min. All samples were measured three times. In addition,
the operating conditions of the system are given in Table 3.

3. RESULTS AND DISCUSSION

The element abbreviation, isotope masses, regression
coefficient, and calibration range of the analytes are given in
Table 4. Quantitative results and %RSD values of analytes
are given in Table 5. Results are given in ppm for all
elements.

Sample-1

Ca >K >Mg >Na >B >Sr >Al >Fe >Ba >Mn >Zn >Sn >Ni
>Li >Cu >Se >V >Co >Cr >As >Ce >Cd >Pb >Ag >Be >Tl

Sample-2

Ca >K >Mg >Sr >Fe >Al >Na >Ba >Mn >B >Zn >Sn >Ni
>Cu >V >Cr >Li >Co >Ce >As >Se >Cd >Ag >Be >TI>Pb

Table 1. Weight of Sample

Sample Weight (g)
Sample-1 ~ 0.5104
Sample-2  0.5016
Sample-3  0.5039
Sample-4  0.5122

Table 2. Microwave program

Step Time T1 T2 P Power
1 00:15:00 200°C 110°C 45 bar Max Power*
2 00:15:00 200°C 110°C 45 bar Max Power*

*Max Power: 1500W for Ethos and 1200W Start units.

Table 3. Operating conditions of the system

Lens Lens

Lens Sampling Cool

Forward CCT CCT

Description Extraction 1 A 3 Depth Auxiliary Nebuliser power D1 Gas1l Gas?2 D2
XSIIXt 96  -990 -753 -1435 150 13 07 0.97 1400 439 0 0 -5
Redoks ' ' ) ) '
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Sample-3

K >Ca >Mg >Na >Fe >Al >Sr >B >Mn >Zn >Sn >Ba >Li
>Cu >Ni >Pb >V >Cr >Ce >Se >Co >Cd >As >Ag >Be >TlI

Sample-4

Ca >K >Al >Mg >Fe >Sr >Li >Mn >Ba >B >Na >Zn >Sn
>Ni >Cu >V >Cr >Ce >Co >As >Pb >Cd >Be >Se >Ag >TI

ICP-MS was used to perform elemental analysis on O.
buhseana and O. bobrovi species collected from various
regions of Azerbaijan. The data from four samples,
examining twenty-six elements, is summarised in Table 5
according to their amount (mg/kg) in fresh weight. The
following elements were determined in ppm concentrations:
Li, Be, B, Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn,
As, Se, Sr, Ag, Cd, Sn, Ba, Ce, TI, and Pb. No traces of Au
and Hg were found in any of the samples.

Elements can generally be categorized into two types:
essential and toxic (Mohamed et al., 2003).

Potassium (Mg) ions are essential for protein and
carbohydrate production, while magnesium ions are involved
in over 300 intracellular enzymatic processes. Calcium (Ca)
ions are rigid constants in the body that are crucial for bone
tissue growth and, along with magnesium ions, help to
maintain neuromuscular conduction in the body. Sodium
(Na) is essential for maintaining acid-base and fluid balance
(homeostasis) in the body, as well as for normal nerve and
muscle function (bpus et al., 2016).

In the body, iron (Fe) participates in energy release
mechanisms, enzymatic reactions, immunological functions,
and cholesterol metabolism. The transferrin protein is
responsible for supplying iron to cells and tissues. Selenium's
(Se) biological purpose in the body is related to its antioxidant
activity. Additionally, Se acts as an antagonist to mercury and
arsenic, boosts the body's immune function, and minimizes
the risk of producing new derivatives (Pamsmm et al., 2017).

Zinc (Zn) is a cofactor for many enzymes involved in
biochemical processes. It is necessary for protein synthesis,
including collagen, and contributes to cell division and
differentiation as well as T-cell immunity formation (Roohani
etal., 2013).

Table 4. Calibration ranges and regression coefficients for the element analysis

No Elements Isotope R? Calibration Range (ppb)

1 Li 7 0.999971 1-100

2 Be 9 0.999281 1-100

3 B 11 0.999724 1-100

4 Na 23 0.999354 100-1000
5 Mg 24 0.998140 100-1000
6 Al 27 0.999488 1-100

7 K 39 0.992875 100-1000

8 Ca 44 0.998674 100-1000

9 \ 51 0.998134 1-100
10 Cr 52 0.998429 1-100
11 Mn 55 0.998513 1-100
12 Fe 56 0.998960 100-1000
13 Co 59 0.999620 1-100
14 Ni 60 0.999194 1-100
15 Cu 65 0.9996550 1-100
16 Zn 66 0.999040 1-100
17 As 75 0.999275 1-100
18 Se 82 0.999949 1-100
19 Sr 88 0.999717 1-100
20 Ag 107 0.999665 1-100
21 Cd 111 0.999133 1-100
22 Sn 118 0.999325 1-100
23 Ba 134 0.999285 1-100
24 Ce 140 0.999836 1-100
25 Au 197 0.998311 1-100
26 Hg 202 0.999368 1-100
27 TI 205 0.998117 1-100
28 Pb 208 0.999704 1-100
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Table 5. Amount of metals in plant samples and %RSD values

Sample-1 Sample-2 Sample-3 Sample-4
Quantification Quantification Quantification Quantification
No Elements %RSD? (mg Analyte/kg %RSD?  (mg Analyte/kg %RSD?*  (mg Analyte/kg %RSD?* (mg Analyte/kg
Sample) ppm Sample) ppm Sample) ppm Sample) ppm
1 Li 1.168 6.561 +0.077 2.071 0.561 +0.012 3.365 5.447+0.183 0.106 2.15+0.002
2 Be 1.815 0.005+0 5.237 0.012 +0.001 4.005 0.01+0 5.613 0.05 +0.003
3 B 2.481 349.3 + 8.668 2.131 21.66 +0.462 1.908 48.02+0.916 0.934 17.75 £ 0.166
4 Na 4.667 1352 £63.11 4.319 3249+ 14.03 3.572 1085 +38.76 17.89 175.1+31.32
5 Mg 2.762 5315+ 146.8 1.046 1987 +20.79 2.19 1688 +36.98 1.627 1348 £21.93
6 Al 3.079 176.6 +5.439 1.312 510.4 + 6.695 1.283 472 +6.054 0.543 2091 +£11.36
7 K 1.928 7246 +139.7 1.261 3231 £40.74 2.382 13220 +£ 3148 5.825 2105 +122.6
8 Ca 3.867 11760 + 454.8 0.732 46900 + 343.1 1.763 5052 +89.08 1.688 10270 +173.4
9 \Y% 4.868 0.368 +0.018 1.544 1.075+0.017 1.177 0.897 +0.011 0.397 3.541+0.014
10 Cr 5.93 0.318+0.019 1.183 0.964 +0.011 1.208 0.769 + 0.009 0.304 1.869 +0.006
11 Mn 3.647 58.2+£2.123 1.237 33.43+0.413 1.523 29.85+0.455 0.655 32.31+0.212
12 Fe 13.76 154.6 £21.27 4.861 626 +30.43 7.308 551.6 +40.31 5.005 900.5 +45.07
13 Co 4411 0.32+0.014 0.864 0.485 +0.004 2.757 0.246 + 0.007 0.533 0.697 + 0.004
14 Ni 3.916 6.561 +£0.193 0.289 8.899 +0.026 2.767 3.72+0.103 0.805 7.213+£0.058
15 Cu 4.070 4.826 £0.196 0.345 3.78+0.013 1.458 4.383 + 0.064 0.484 4.589 +0.022
16 Zn 3.647 21.34+£0.778 0.882 12.67 +0.112 1.729 13.06 +0.226 0.959 13.14+0.126
17 As 3.332 0.188 +0.006 2.703 0.364 +0.01 3.61 0.168 +0.006 0.225 0.497 +0.001
18 Se 1.622 0.832+0.013 5.337 0.098 + 0.005 3.268 0.301 +£0.01 21.6 0.047 +0.01
19 Sr 4.620 194.9 +9.003 1.141 838.1 +£9.56 1.610 95.51 +1.537 0.437 317 +1.387
20 Ag 5.109 0.013 £ 0.001 1.948 0.03 +£0.001 1.917 0.015+0 0.378 0.04+0
21 Cd 1.953 0.135+0.003 3.163 0.088 +0.003 2.804 0.181 +0.005 0.696 0.377+ 0.003
22 Sn 3.857 13.49 £ 0.521 2.868 12.19+0.35 1.495 13.02 +£0.195 1.172 9.375+0.110
23 Ba 3.939 7591 +2.99 1.222 163.4 +1.996 1.399 8.467+0.119 0.640 24.75 £ 0.159
24 Ce 2.787 0.148 £ 0.004 1.379 0.401 +0.006 0.839 0.37+0.003 1.851 1.523 £0.028
25 Au - Nd® - Nd® - Nd° - Nd®
26 Hg - Nd® - Nd® - Nd° - Nd®
27 Tl 0.804 0.001 £0 2.93 0.004+0 1.764 0.002+0 2.693 0.011+0
28 Pb 3.458 0.076 + 0.003 1.432 0.003+0 0.99 0.999 +0.01 0.414 0.496 +0.002

?Relative standard deviation, °Not detected.

Cobalt (Co) participates in enzymatic activities, such as
thyroid hormone production, and promotes erythropoiesis by
boosting iron absorption (Yamada, 2023). Chromium (Cr)
plays a crucial role in the synthesis of carbohydrates and
lipids, regulates blood sugar levels by enhancing insulin
function, increases cardiac muscle activity, aids in the
elimination of toxins, heavy metal salts, and radionuclides
from the body, and promotes muscle growth (Anderson,
1997). As and Cd have a therapeutic effect on the body at low
doses. They influence oxidation and other metabolic
processes in mitochondria and interact with protein and
amino acid thiol groups (Nordberg et al., 2007).

4. CONCLUSION

The table shows that Ca (11760 ppm in sample 1, 46900
ppm in sample 2, and 10270 ppm in sample 4) and K (13220
ppm in sample 3) were the most abundant detectable

51

elements, while Tl (in samples 1, 3, and 4) and Pb (in sample
2) were the least abundant.

The contents of Ca (10270-46900), Na (175.1-1352), Mg
(1348-5315), Fe (154.6-900.5), and Zn (12.67-21.34) found
in the samples suggest that they are potential sources for these
elements. The amount of Se is low in the samples. Fe
concentrations varied from 154.6 to 900.5 mg/kg, with the
maximum concentration found in Sample 4. Therefore, O.
bobrovi could be a possible natural supplement for this
microelement. The concentrations of Zn in this study ranged
from 12.67 to 21.34 mg/kg, which is equal to the maximum
permissible limit set by the World Health Organization (27
mg/kg) (FAO/WHO. 2001).Table 5 shows the concentrations
of various elements, including hazardous trace elements such
as As, Co, Cd, Cr, and Pb, which were identified at extremely
low levels. (WHO. 1996).
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Ozet: Yazilim gelistirme projeleri uzun bir siire boyunca plan odakli siireglerle yénetilmistir; ancak
Agile (Cevik) Metodolojilerin biiylimesi, yazilim/sistem gelistirmeye daha adapte bir yaklagim
sunmustur. Bu makalenin amaci, iki Yazilim Gelistirme Modelini kisaca tanitmak; Waterfall Model
(Selale Modeli) ve Agile Metodolojiler (Cevik Metodolojiler) ve her iki model igin
karsilagilabilecek sorunlar ile tipik proje Ozellikleri sunmaktir. Sonug olarak bu c¢aligmada iki
Yazilim Gelistirme Modeli (YGM) tanitilmistir. Plan odakli Selale Model (Waterfall Model) ve
uyarlamali Cevik Metodolojiler (Agile Methodologies) olmak iizere. Her iki modelin de kullanim
alanlari, avantajlar1 ve dezavantajlari bulunmaktadir. Kiigiik projelerin neredeyse her zaman bir
Cevik Metodoloji yaklagimi i¢in uygun oldugu ve neredeyse asla Selale Model bir yaklasim igin
uygun olmadig tespit edilmistir. Hem Selale Model hem de Cevik Metodolojiler, orta biiyiikliikteki
projelerle ugrasirken zorluklar yasandigi saptanmustir. Zorlayici bir Selale Model, nispeten basit bir
projeye gereksiz karmagiklik ekleyebilirken, ayni projeye esnek bir Cevik Metodoloji yaklasimin
daha uygun oldugu da diger sonuglar arasindadir.
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gile and Waterfall Methodologies and Application Principles:
A Modeling Study
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Abstract: Software development projects have been managed with plan-driven processes for a long
time, but the growth of Agile Methodologies has introduced a more adaptive approach to
software/system development. The purpose of this paper is to provide a brief introduction to two
Software Development Models (SDMs), the Waterfall Model, and Agile Methodologies, and to
present issues and typical project characteristics for both SDMs. As a result, two Software
Development Models (SDM) are introduced in this study. including the plan-oriented Waterfall
Model and adaptive Agile Methodologies. Both models have areas of use, advantages and
disadvantages. It has been found that small projects are almost always suitable for an Agile
Methodology approach and almost never for a Waterfall Model approach. Both the Waterfall Model
and Agile Methodologies have been found to have difficulties when dealing with medium-sized
projects. While a challenging Waterfall Model can add unnecessary complexity to a relatively
simple project, a flexible Agile Methodology approach is more appropriate to the same project.
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YILDIZ&SENGUL

1. GIRIS

Karmagik yazilim sistemlerinin gelistirilmesi tarihsel
olarak bir¢ok kisi ve calisma ile sekillenmistir. Ancak,
yazilim miihendisligi disiplininin temelleri ve yazilim
gelistirme yontemlerinin ilkeleri konusunda énemli bir katka,
Dr. Winston W. Royce tarafindan yapilmstir. Royce, yazilim
gelistirmenin planli bir siiregle yonetilmesi gerekliligini 1970
yilinda yayimladig bir makalede ayrintili olarak belirtmistir.

Royce'un 1970 tarihli bu makalesi, "Managing the
Development of Large Software Systems" basgligini tasgir ve
yazilim miihendisligi tarihinde énemli bir kilometre tasidir.
Bu makale, Waterfall Model olarak bilinen yazilim gelistirme
metodolojisinin temelini atmistir. Waterfall Model, yazilim
gelistirme  siirecini  asagidaki siralamada ele  alir:
gereksinimler analizi, tasarim, uygulama, test, siirim ve
bakim. Her asama bir 6ncekini takip eder ve geri doniise izin
vermez.

Royce'un makalesi, yazilim gelistirme siireglerini daha
once belgelenmis ve agiklanmig bir sekilde sistematik bir
sekilde tammlamgstir. Ozellikle, bu makalede yazilim
projelerinin  gereksinimlerin daha 1iyi anlasilmasi ve
yonetilmesi gerektigi, tasarimin 6nemine vurgu yapildi ve
yazilim testlerinin ayrintili bir sekilde ele alinmasi gerektigi
belirtilmistir.

Royce'un bu makalesi, yazilim miihendisligi alaninda
birgok gelistirme metodolojisinin temelini atmistir. Ancak,
zaman i¢inde yazilim gelistirme yaklagimlar biyiik o6lgiide
degismis ve doniismiistiir. Ozellikle 2000'lerin basindan
itibaren "Cevik Yazilim Gelistirme" yaklagimi, daha esnek ve
igbirlik¢i bir yazilim gelistirme yaklasimi olarak popiilerlik
kazanmustir. Cevik yaklagim, Waterfall Model'in daha kati ve
lineer yapisina bir alternatif sunmustur (Royce, 1970). Bu
yazida yazilim geligtirme konusunda genel bir fikir
verilmesinin yani sira, giiniimiizde hala uygulamada olan
birgok yazilim gelistirme kavrami tanitilmistir. Bu makale,
yazilim gelistirme hakkindaki bu genel fikri Waterfall
Modeli'nin bir sekli olarak ve bu modelin sorunlariyla
aciklayacaktir. Ayni zamanda, Waterfall Modelinin dogal bir
karsiti olarak Agile Metodolojileri tanitacak ve bu SDM
ailesiyle ilgili sorunlar1 ele alacaktir. Genel olarak, Waterfall
Modeli bir plan odakli yaklagimi benimserken, Ceviklik
(Agility) bir adapte yaklagimi takip eder. Bu makale, bir
projenin Agile veya Waterfall yaklagimina uygunlugunu
belirleyen etkenlere sinirli bir bakis sunacaktir.

Bolim 1.1'de, bir SDM olarak Waterfall Modeli hakkinda
kisa bir agiklama, baslangicinin tarihi ve ilgili sorunlar
verilecektir. Bolim 2’de Agile Metodolojileri, Agile
ozellikleri, uygulamalar1 ve sorunlar1 hakkinda bir genel
bakis sunacaktir. Boliim 3, belirli bir proje i¢in hangi
gelistirme metodolojisinin en iyi kullanilacagina karar
vermek i¢in bir baslangi¢ noktasi olacaktir. Bu bdliim, tipik
Agile projelerini ve tipik Waterfall projelerini igeren ve plan
odakli ve Agile projelerin tipik 6zelliklerine sinirli bir bakis
sunmaktadir.  Ayrica, degisen Agile ve Waterfall
metodolojileri ile ilgili makalelere, SDM'lerin popiilerligini
Olcen bir makaleye, hangi yazihm metodolojisinin
kullanilacagina karar verme konusunda bir makaleye ve
dagitik bir ortamda Cevik siireclere dair bir makaleye
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referanslar ekler. B6liim 4, bu makalenin avantajlarini, Agile
veya Waterfall yaklagimi i¢in uygun projeleri ve her iki
yaklagim i¢in Ongoriilmesi gereken sorunlar1 6zetleyerek
belirtir.

1.1. Selale Model (Waterfall
Miihendisligi Tarihine Kisa Bir Giris

Model): Yazilim

1.1.1. Yazihm Miihendisligi Tarihine Kisa Bir Giris:

Yazilim miihendisligi, modern bilgi teknolojilerinin ve
dijital donisiimiin temelini atmig ve giliniimiiziin karmagik
bilgisayar sistemlerinin gelistirilmesine yonelik sistematik
bir yaklasimin dogmasina katki saglamis onemli bir alam
ifade eder. Bu yazi, yazilim miihendisligi teriminin ortaya
¢ikisimi ve gelisimini inceleyerek, bu alandaki temel tarihsel
geligsmeleri aydinlatmay1 amaglamaktadir.

Yazilim miihendisligi terimi, 1960'larin sonlarinda ve
1970'lerin baglarinda &zellikle NATO (Kuzey Atlantik
Antlagmas1 Orgiitii) tarafindan diizenlenen konferanslarla
iligkilendirilir (Ganis, 2010). Bu donemde, yazilimin giderek
artan karmasikligi ve biyikligli, yazillm projelerinin
yonetimi agisindan ciddi zorluklar ortaya cikarmistir. Bu
baglamda, yazilim gelistirmenin mithendislik disiplini i¢inde
ele alinmas1 gerektigi fikri ortaya cikmistir. Ozellikle 1968'de
Almanya'nin Garmisch kentinde diizenlenen bir konferans,
yazilim miihendisligi teriminin Onemli bir sekilde one
¢ikmasina yol agmistir. Yazilim mithendisligi terimi, yazilim
gelistirme siireglerinin daha Onceki rastgele ve diizensiz
yontemlerden ¢ikarak daha sistematik ve mithendislik temelli
bir yaklagim gerektirdigini yansitir. Yazilimin gelistirilmesi,
planlanmasi, tasarlanmasi ve siirdiiriilmesi gibi siirecler,
miihendislik ilke ve yontemleri ¢ercevesinde ele alinmaya
baglanmistir. Bu dOniisiimiin temel nedenlerinden biri,
yazilim projelerinin siklikla maliyet ve zaman agimina
ugramasi, eksik belgelenmesi ve diizensizligiydi.

Bu donemdeki yazilim gelistiricileri, miihendislik
disiplinlerinden gelen birikime dayali olarak yazilimin
donanim miihendisligi gibi ele alinmasi gerektigini
savunmuslardir. Yazilim projelerinin daha sistematik ve
planli bir sekilde yonetilmesi gerektigi diisliniilmiis, "bir kere
Olg, bir kere kes" prensibi benimsenmistir. Bu, yazilim
gelistirme siireclerinin daha disiplinli ve miithendislik odakli
hale gelmesinin ilk adimlarindan biridir.

Yazilim miihendisligi  terimi, yazilim gelistirme
siireclerinin daha miihendislik temelli ve sistemli bir
yaklagimla ele alinmasinin gerekliligini yansitan 6nemli bir
tarihsel gelismenin {irlinidiir. NATO konferanslari, bu
yaklagimin kabul edilmesine biiyiik katki saglamis ve yazilim
miihendisligi disiplininin temellerini atmistir. Bugiin, yazilim
miihendisligi terimi, yazilim projelerinin planlama, tasarim,
gelistirme ve siirdiiriilme asamalarinda miihendislik ilke ve
yontemlerinin uygulanmasini ifade eden temel bir kavramdir
(Ganis, 2010).

1.1.2. Selale Modeli (Waterfall Model):

Dr. Winston W. Royce'un "Managing the Development of
Large Software Systems" adli makalesi, yazilim gelistirme
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stireglerinin temelini atmis ve yazilim mithendisligi tarihinde
onemli bir kilometre tagidir. Bu makale, 1970 yilinda IEEE
WESCON konferansinin bir pargasi olarak sunulmustur.
Makalede, Royce, biiyiik yazilim sistemlerinin gelistirilmesi
konusunda 6nemli konulari ele almaktadir (Ganis, 2010).
Calismada Royce, yazilim gelistirme siire¢lerini daha
sistematik ve miihendislik odakli bir sekilde ele almanin
gerekliligini vurgular.

Royce, yazilim projelerinin baglangicindan sonuna kadar
gecen siirecin planlanmasi gerektigini vurgular. Planlamada,
gereksinimler analizi, tasarim, kodlama, test ve siirdiirme gibi

B

Yazihm Gereksinimleri

Yazlm Gereksinimleri

Analiz

asamalarin belirlenmesi ve siralanmasi 6nemlidir. Caligmada
belirtilen ve daha sonra "Selale Modeli" olarak adlandirilacak
olan kavram, yazilim geligtirme siirecini agsamalara ayirma
fikrini tanitir. Royce, bu asamalarin sirasiyla izlenmesi
gerektigini savunur: gereksinimler analizi, tasarim, kodlama,
test ve siirdiirme. Bu, yazilim projelerinin daha 6nceki adimin
tamamlanmasinin ardindan devam etmesi gereken bir lineer
stire¢ olarak kabul edilir. Royce, agamalar arasinda bir geri
doniisiin olmayacagini, her asamanin bir sonrakine bagimli
oldugunu belirtir. Bu, Onceki asamanin tamamlanmadan
sonraki asamaya gecilemeyecegi anlamina gelir.

v

_

Sekil 1. Selale Model.

Sistem Gereksinimleri l
Yazilim Gereksinimleri l
Yaziim Gereksinimleri l
Analiz

Program Tasarimi

L

Sekil 2. Selale Modeli- Ardisik asamalar arasindaki tekrar eden iligki.
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Sekil 1'de analiz asamasi ve kodlama asamasi, son iiriine
en dogrudan degeri saglar; diger asamalar, program
kaynaklarmin en iyi sekilde kullanilmasi i¢in farkli sekillerde
ele alinmali ve planlanmalidir (Ganis, 2010).

Bu Selale Modeli ile ilgili olarak (Unhelkar, 2016) 6nceki
teslim edilenlere bagimlilig1 vurgular. Ornegin, analiz modeli
heniiz onaylanmadiysa sistem tasarimini geciktirir ve tasarim
heniiz onaylanmadiysa kodlamay: geciktirir.

Royce'un incelenen bir sonraki adimi, ardisik gelistirme
asamalar1 arasindaki iteratif iliskiyi kapsar. Sekil 2, bu adim
Royce'un detaylarini gostermektedir. Royce (1970), her
gelistirme adiminin ilerledik¢e ve tasarim daha detayli hale
geldikge, 6nceki ve sonraki adimlarla bir iterasyon olacagina
inanir, ancak daha uzak adimlarla nadiren bir iterasyon olur.
Royce (1970), boyle dar kapsamli bir degisim siirecinde bir
deger gormektedir. Tasarim siirecinin herhangi bir aninda,
gereksinim analizi tamamlandiktan sonra beklenmedik
tasarim zorluklari durumunda geri doniilebilecek siki ve
yakin bir referans noktasi bulunur.

Bir sonraki adimda Royce (1970), yazilim gereksinimleri
asamasi ile analiz asamasi arasina O6n tasarim agamasini ekler.
Bu asama bes bilesene ayrilir. Bu teknikle, program
tasarimcist yazilimin depolama, zamanlama ve veri akist
nedeniyle basarisiz olmayacagini garanti eder. Bu asama, bu
yazilim geligtirme siirecinin olugturuldugu donemi gosterir ve
miihendislerin karsilastigi sorunlarin karmasikligina dair bir
i¢gOrii sunar.

Sonu¢ olarak, Royce'un agiklamalarmin sonunda,
Royce'un vizyonu her gelistirme asamasi i¢in belgelendirme,
tim asamalar1 iceren daha kisa bir pilot asama, miisteri
katilimini igerir ve program tasarim asamasindan sonra ve
test asamasindan sonra hem miisteri katilimini igerir.

1.1.3. Selale Model Sorunlari:

SCRUM FRAMEWORK

Ganis (2010), Selale Model'in gelistirme yagam
dongiisiiniin -~ ¢ok  erken  asamalarinda  gereksinim
spesifikasyonlarini veya yiiksek diizeyde tasarimi dondurma
iizerine odaklandigini diisiinmektedir, daha kapsamli tasarim
ve uygulama c¢aligsmalarina girisilmeden 6nce. Bu nedenle,
gereksinimlerin iyi anlagilmadigi, tanimlanmadigi veya
projenin seyri iginde degisebilecegi durumlarda Selale
modelinin uygun olmadigin diisiinmektedir. Petersen ve ark.
(2009), Selale Model'i yiiksek maliyetler ve c¢abalarla
iligkilendirir. Her asamada onaylanmasi gereken belgelerin
sayisi, degisiklik yapmanin zorlugu, iterasyonlarin
baslatilmasi ve basarilmasi i¢in gereken zamanin zorlugu ve
sadece daha sonraki agsamalarda ortaya ¢ikan sorunlar, onlarin
inancin1  dogrulamaktadir. Bu sorunlarin  sonucunda,
miisterilerin mevcut ihtiyaglar ele alinmaz ve uygulanmis
ancak kullanilmayan ozellikler ortaya ¢ikar. Bu bolimi
sonlandirmak i¢in, Munassar ve Govardhan (2010), Selale
Model'i, birgok - daha ¢agdas - Yazilim Gelistirme Yasam
Dongiisti Modeli i¢in bir temel olarak kabul ederlerken, Dr.
Winston  Royce'u  plan-odakli  yazilim  gelistirme
metodolojilerinin kurucu babast olarak kabul edebiliriz.

2. MATERYAL VE METOT

2.1. Cevik Metodolojiler (Agile
Motivasyon, Ilkeler ve Uygulama

Methodologies):

Fowler ve Highsmith tarafindan yayimlanan Cevik
Bildiri, modern Cevikligin temelini resmi olarak duyurdu
(Fowler ve Highsmith, 2001). Cevikligin kurucular1 ve
destekgileri, yazilim gelistirme siireclerini daha iyi hale
getirmenin yollarimi bulma konusundaki motivasyonlarini, bu
isi yaparak ve digerlerinin de yapmasina yardimci olarak
bulurlar. Cevik Bildiri'nin temel ilgisi degerli yazilim
gelistirmek olsa da, Unhelkar (2016), Cevikligin igin tim
boyutlarinda stratejik bir rol oynadigini vurgular. Islevsel
yazilim sistemlerinin hemen hemen tiim is fonksiyonlariyla
yakin bir sekilde i¢ ice gegmesi, Cevik isletmelerin karsilik
gelen Cevik yazilim sistemlerine ihtiya¢ duymasina neden
olur Unhelkar (2016).
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2.1.1. Cevik ilkeler ve Uygulamalar:

Cohen ve ark. (2003), tarafindan belirtildigine gore, Cevik
teknikler uygulamalar ve vurgulamalar agisindan farklilik
gosterse de, tekrarlayan gelistirme ve etkilesime, iletisime ve
kaynak yogun ara iiriinlerin azaltilmasina odaklanma gibi
ortak ozellikleri paylasirlar. Ayrica, Cevik yaklagimlar kisa
tekrarlayan dongiileri, 0Ozellik planlamasi ve dinamik
onceliklendirmeyi bir araya getirirler, diye belirtir Highsmith
ve Cockburn (2001). Ceviklik yiiz yiize iletisimi gerektirir, bu
da ekip iiyelerinin kararlar almasini ve onlar1 beklemek
yerine hemen uygulamalarmi saglayan yakin bir konumda
calismay1 gerektirir.

Cevik gelistirme yontemleri, yakin misteri isbirligi
gerektirir, diye belirtir Highsmith ve Cockburn (2001). Bir
miisterinin artan1 degerlendirmesi ve geri bildirimde
bulunabilmesi i¢in bir kullanici arayiizii gibi goriiniir bir
sonuca ihtiyaci vardir veya gomiilii sistemler durumunda bir
yazilim simiilasyonu gerekir

2.1.2. Cevik iterasyonlar

Williams (2007), her bir iterasyonun, bir iriin i¢inde,
gereksinim analizini, tasarimi, uygulamayi ve testi igeren,
kendi kendine yeterli kiigiik bir projenin aktivitelerini temsil
ettigini acgiklar. Williams, her iterasyonun bir iterasyon
siiriimiine yol agtigimi belirtir; bu sadece igsel bir siiriim
olabilir ve tim yazilimi ekibin iizerinde birlestirir ve son
sistem i¢in biiyliyen ve evrilen bir alt kiime olur. Misteri,
gereksinimlerini projenin baglangicinda belirlemek yerine,
mevcut siirimiin  gozlemlemesine dayanarak bir sonraki
stirlim i¢in gereksinimlerini uyarlar. Sik sik belirli tarihlerin
yazilim siirecinin varyansini azalttigi ve bu nedenle tahmin
edilebilirligi ve verimliligi artirabilecegine dair kanitlar
bulunmaktadir. Cevik gelistirme sirasinda kullanilan 6nceden
belirlenmis iterasyon siiresi, ekip i¢in bir zaman kutusu olarak
hizmet eder. Dolayisiyla, segilen kapsami uygun hale
getirmek i¢in iterasyon siiresini artirmak yerine, kapsami
iterasyon siiresine uygun hale getirir. Cevik yontemlerle
gecmisteki iterasyon yontemleri arasindaki temel fark, her
iterasyonun siiresidir. Gegmiste, iterasyonlar {i¢ ila alt1 ay
stirebilirdi. Ceviklikle birlikte iterasyon siireleri bir ila dort
hafta arasinda degisir ve bilingli bir sekilde 30 giinii agmaz.
Ayrica, kisa iterasyonlarin, daha diisiik karmasiklik ve risk,
daha iyi geri bildirim ve daha yiiksek {iiretkenlik ve basari
oranlar1 anlamma  geldigini  gdsteren  aragtirmalar
bulunmaktadir Williams (2007).

Cevik: Destekleyici Araglar ve Teknikler:

Cevikligin kod merkezli odaklanmasini géz 6niine alarak,
¢esitli kodlama araglariin kullanilmasi sasirtict olmamalidir.
Model Driven Architecture, modellerin merkezi Triinler
oldugu, uygulama ve orta yazilim kodunun o6nemli bir
kisminin otomatik olarak olusturulmasi ve gelistiricilerin
calistig1 seviyede soyutlama seviyesini artirarak gelismeyi
hizlandirir, Turk ve ark (2014)'e gore boyle bir aragtir.
Ayrica, entegre gelistirme ortamlari, kodun sistemli olarak
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iyilestirilmesi ve otomatik test takimlari, hatalarin tespit
edilmesi ve giderilmesinin maliyetini yonetmede yardimct
olabilir, hatta Cevik bir siirecin sonlarinda bile. Siiriim
kontrolii ve degisiklik izleme, iteratif bir ortamda ¢ok dnemli
oldugundan, her aktif programcinin ara¢ kutusunda
bulunabilir. Ceviklige uygun diger teknikler, hata
enjeksiyonu ve otomatik test olusturma teknikleri gibi
dinamik gilivenlik test araglarina entegre edilebilecek
tekniklerdir.

2.1.3. Bir Cevik Metodoloji Ornegi: Scrum

1995 wyilinda Schwaber (1995), Scrum'u tamitti.
Gliniimiizde genig bir sekilde kabul goren bir Cevik
Metodoloji'dir. Bu nedenle detayli bir sekilde agiklanmasi
i¢in iyi bir adaydir. Web sitelerinde Rawsthorne ve Shimp
(2009), Scrum ekibinin (genellikle 10 kisiden az) amacinin,
paydaglarla c¢aligmanin bir sonucu olarak iiriin sahibi
tarafindan belirlenen hedefleri ve oOncelikleri karsilayan
sonuglar iiretmek oldugunu belirtirler. Normalde, eklerler,
Scrum ekibi sonug iiretmeye baglamadan once bir vizyon
asamasi bulunur (bu ayni zamanda bir projenin ilk asamasi da
olabilir); bu asamada is sahibi, {iriin sahibi ve paydaslar, bir
iiriin vizyonu ve {riin yol haritas1 olustururlar. Vizyon,
projenin genel odak noktasini saglarken, yol haritasi stirimler
ve hedefleri hakkinda rehberlik saglar. Scrum'un baslica
tekniklerinin iiriin talep listesi (product backlog), sprintler ve
giinliik scrum toplantilart (scrum, 15 dakikalik giinliik ekip
toplantis1) oldugunu belirtirler. Is gereksinimleri agisindan,
tirin talep listesi Scrum iginde 6zel bir rol oynar ¢ilinkii tim
gereksinimler, iiriin i¢in gerekli veya faydali olarak kabul
edilenler, iiriin talep listesine listelenir. Ayrica bu liste, tim
ozelliklerin, fonksiyonlarin, iyilestirmelerin ve hatalarin
oncelik sirasini igerir. Sprint (Sekil 3'e bakiniz), 30 giinliik bir
gelistirme donemidir. Her sprint igin, talep listesinden en
yiiksek Oncelikli gorevlerin sprint talep listesine tagindigini
agiklar. Bir sprint bagladiktan sonra karsilanmasi gereken
gereksinimlerin degistirilmemesi gerekir. Sprintin sonunda,
miisteriye yeni islevselligi gosteren ve geri bildirim toplayan
bir sprint gézden gegirme toplantis1 yapilir. iki sprint arasinda
miisterinin bir sonraki sprint i¢in gereksinimleri yeniden
onceliklendirmesi i¢in tam esneklik bulunur.

2.1.4. Cevik Yaklasim Sorunlar :

Cevik yaklasimin baglica karsilastigt sorunlar sunlardir.
[k olarak, gevik yaklagimin onceligi olan yazilimin hizli
gelistirilmesi, ¢evik projelerde miihendislik degerlerine olan
vurgunun eksikligi nedeniyle yazilimin biitiinliiglinii tehdit
edebilir. Cevik siireclerde islerin hizli ilerlemesi, tasarim
biitiinliigline veya sistem diizeyindeki sorunlarin erken
tespitine yeterince odaklanmadiginda, sonradan diizeltmeler
gerekebilir. Bu, ¢evik projelerde yazilim miithendisligi
prensiplerine dikkat edilmediginde ortaya c¢ikabilecek bir
sorundur.

Ikinci olarak, cevik yaklagimin, projelerin uzmanlara
bagimli hale gelmesine neden olabilecek, bilgi paylasimina
dayal1 bir isbirligi odakli olma egilimi vardir. Bu, projelerin
sadece belirli uzmanlara dayali hale gelmesine yol agabilir ve
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bu uzmanlar olmadan islerin yiiriitilmesi zorlasabilir. Cevik
yaklagimda tacit (bilingdisi) bilgiye odaklanma, projeleri
uzmanlara bagimli hale getirebilir.

Ucgiincii olarak, cevik siireclerin, giivenlikle ilgili veya
kritik sistemlerin kalitesini belirlemek i¢in yetersiz oldugu
diistiniilmektedir. Cevik siireglerin daha bilgi eksikligi ve
hizli iterasyonlarla karakterize edilmesi, giivenlik acisindan
kritik sistemlerin kalitesini belirlemek icin yetersiz olabilir.
Bu tiir sistemler icin daha fazla dikkat ve ayrintili bir kalite
degerlendirmesi gerekebilir.

Son olarak, biiyiik 6l¢ekli yazilim projeleri igin ¢evik
yaklagimin uygulanmasi zor olabilir. Birden fazla ekip ve ¢ok
sayida test gerektiren karmasik sistemler, gevik siireclerin
koordinasyonunu ve yonetimini zorlastirabilir. Biiyiik
6l¢ekli, coklu ekip projeleri i¢in gevik siireglerin uyarlanmasi
ve yonetilmesi karmasik bir ig olabilir.

Bu nedenle, c¢evik yaklasgimin bazi durumlarda
karsilagabilecegi zorluklar ve eksiklikler vardir ve bu sorunlar
projelerin 6zel gereksinimlerine ve biyiikliiklerine bagli
olarak degisebilir.

3. BULGULAR VE TARTISMA

3.1. Cevik Yaklasimlar ve Selale Modeli: Proje
Ozelliklerine Gore Bir Karsilastirma

Unhelkar (2016), geleneksel selale yasam dongiisiinii
yazilim gelistirmenin lineer, asamali bir yaklasimi olarak
tamimlarken, c¢evik yaklasimmn bu geleneksel gelistirme
yasam dongilisiine tamamen zit oldugunu diisiinmektedir.
Asagidaki boliimler, projelerin nasil gelistirilmesi gerektigi
konusunda bir 151k tutacaktir, Cevik mi yoksa Selale mi? A.
Prototip projeler Unhelkar (2016), en ¢ok bir Cevik
yaklagimdan fayda saglayan projelerin "yesil saha" gelistirme
projeleri oldugunu belirtir. Yesil saha projesi, tamamen yeni
bir ortam i¢in bir sistem gelistirmeyi amaglayan bir projeyi
ifade eder. Ayrica, yazilim gelistirmeye ydnelik Cevik
yaklagimlar, kodlamanimn faaliyetlerin merkezinde oldugu
projelerde en elverisli olanlardir. Genellikle, bes
programcidan olusan ve yaklasik 6 ay siiren kii¢iik bir proje,
Cevik prensip ve uygulamalarim1 yaygin bir sekilde
kullanmak i¢in ideal bir konumda olurdu. Ayrica, bu tiir
projeler, Cevik yaklagimin kendisiyle denemeler yapmak
veya yeni, biiylik bir gelistirmenin bir parcasi olabilirler.
Petersen ve ark. (2009), tarafindan belirtildigine gore, Selale
Model, biiyiik sistemlerle ugrasirken ayrintili olarak yazilim
sisteminin mimari ve yapisin1 planlama konusunda 6zellikle
onemli olan 6ngoriilebilir ve dikkatli bir model sunmaktadir.
B. Cevik ve plana dayali proje 6zellikleri Hangi projelerin
hangi gelistirme metodolojisinin se¢ilmesi konusunda ne tiir
projelere ait 6zellikler fark yaratacak?

1. Bashca hedefler: Boehm (2002), daha geleneksel
plana dayal1 yontemler i¢in 6nemli bir hedef setinin
ongoriilebilirlik, tekrar edilebilirlik ve optimizasyon
oldugunu belirtir. Buna karsilik Cevik yaklagim,
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hizli deger ve degisikliklere yanit verme {iizerine
odaklanmaktadir.

Boyut: Plan odakli yontemler, biiyiik projelere gore
Cevik projelere gore daha iyi Olgeklenir. Bir
projenin yetkilendirilmesi ve baglatilmasi igin
ortalama bir kisi aymrmak icin bir aylik siire
gerektiren biirokratik, plana dayali bir organizasyon,
kii¢iik projelerde ¢ok verimli olmayabilir Boehm
(2002).

Miisteri iliskileri: Cevik yontemler, miisterilerin
gelistirme ekibiyle isbirligi yapmak ve miisterilerin
ortiilii bilgisinin uygulama siirecinin tamami igin
yeterli oldugu durumlarda en iyi sekilde galisir
Boehm (2002). Bu yontem ortiilii bilgi eksikliklerine
neden olma riski tasirken, plana dayali yontemler,
belgelendirme ve mimari inceleme kurullari ile
eksiklikleri telafi etmek ve bagimsiz uzman proje
incelemeleri araciligiyla eksiklikleri gidermek igin
kullanir Boehm (2002).

Planlama ve kontrol: Unhelkar (2016)'a gore,
formel proje yonetimi yazilim projesinin bagarili bir
sekilde tamamlanmasinda 6nemli  bir  rol
oynamaktadir. Proje yonetimi, dikkatli planlama,
tahmin, koordinasyon, izleme ve kontrol gerektirir.
Bu konular resmen Selale Model'de
kapsanmaktadir.  Cevik, planlama siirecine
belgelemeye dayali sonuglardan daha fazla deger
verir (Unhelkar, 2016).

fletisim: Cevik, yiiz yiize iletisimi desteklerken,
Selale Model belgelenmis bilgiye vurgu yapar.

Gereksinimler:  Onemli olmayan ve ¢dziim
bagimsiz, baslangi¢ gereksinimlerinin analizi saf bir
Cevik  uygulayicilart  tarafindan  dogrudan
kullanilmaz (Unhelkar, 2016). Agir, resmi Selale
Model, hizla degisen gereksinimlerle basa ¢ikmada
zorluklarla karsilasabilir. Ote yandan, mimari
gereksinimleri ongordiginde ve karsilamak igin
uygun oldugunda, plana dayali yontemler bile
milyonlarca satirlik uygulamalar1 biitge ve zaman
i¢inde tutabilir.

Gelistirme: Cevik, kapsamli belgeleme yerine
calisan yazilima ve sadelige vurgu yapar ve
yapilmayan igin miktarin1 maksimize ederken. Buna
karsilik Selale Model, gelistirme sirasinda 6nemli
bir parcasi oldugu igin yazilim mimarisine biiyiik bir
vurgu yapar.

Test: Beznosov ve Kruchten (2004) 'e gore,
geleneksel giivence yontemleri tasarim ve mimari
prensipleri, dinamik test, statik analiz ve igsel ve
iiclincii taraf incelemelerini, degerlendirmeyi ve
zayiflik testini igerir. Bu yoOntemler daha c¢ok
belgelenmis ve mimariye odaklandigindan Selale
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gelistirmeye ¢ok daha uygundur. Ote yandan, Cevik
Yaklagimlar, i¢ tasarimi ve kod incelemeyi
kolaylagtirir ve gelistiricileri kodlama standartlarini
benimsemeye tesvik eder, ancak mimari veya
belgelemeye odaklanmaz (Beznosov ve Kruchten,
2004).

9. Miisteriler: Cevik, gelistirmeye ozgl, birlikte
calisan ve bilgili miisteriler gerektirir. Selale Model,
yeterince bilgili miisterileri gerektirir.

10. Gelistiriciler: Cevik bir projede gelistiricilerin
cevik, bilgili, bir arada c¢alisan, is birligi yapan, dostca,
yetenekli, becerikli ve iletisim kurabilen olmalari
gerekmektedir.  Cevik  yaklagimlar,  gelistiriciler,
testgiler, konu uzmanlari ve mimarlar gibi g¢esitli
alanlarda uzmanlasmis ekip {yelerini vurgular
Unhelkar (2016). Selale modelindeki gelistiriciler ise
plana dayal, yeterli yetkinliklere sahip ve dis bilgilere
erisim saglayan kisiler olmalidir.

11. Kiiltiir: Cevik yontemler, "kaos iizerine kurulu" bir
kiiltiirde daha iyi bir sekilde basarili olacaktir, bu, Boehm
ve Turner (2003), tarafindan belirtildi. Selale Modeli i¢in
ise tam tersi gecerlidir, yani "diizen iizerine kurulu" bir

kiiltiirde daha iyi isler.

Boehm ve Turner (2003), tarafindan hazirlanan Tablo 1,
yukaridaki unsurlarin bir 6zetidir. Bu tablo, proje hedefleri ve
boyutlari, proje ydnetimi tarzi, proje araglari kullanimi,
personel ve kiiltiir, miisteriler agisindan tipik 6zelliklerin
genel bir bakisin1 sunar hem Cevik projeler hem de plana
dayali projeler icin gecerlidir. Bu tablo, personel
gelistiricilerinin beceri seviyelerini tanimlama konusunda
Tablo 2’ye bagvurur.

Williams (2004;2016) plan odakli Yazilim Gelistirme
Metodolojileri ile cesitli Cevik geligim tiirlerini anketlerinde
tanitir ve ayrintili bir bakis sunar. Cevik Metodolojiler ve
plan odakli metodolojilerin popiiler oldugu, gelistiriciler
tarafindan nasil algilandigi  ve ydntemlerin  nasil
birlestirilebilecegi konularinda fikirler almak igin West ve
digerleri'ne (2010), bagvurun. Bir proje, Cevik Metodolojiler,
Selale Model veya ikisi arasinda bir model araciligiyla
gelistirilmeli mi karar1 vermek igin bir ¢ergeve, Boehm ve
Turner (2003) tarafindan sunulmusg ve Cevik Metodolojiler ve
plan odakli yontemleri dengelemek icin diisiiniilmesi gereken
cizgileri belirtmistir. Dagitilmis bir ortama Cevik
Metodolojiler siirecleri uyarlamak hakkinda bir makale,
Young ve Terashima (2008) tarafindan yayimlanmustir.

Tablo 1. Cevik ve plana dayali gelistirme temelleri.

Proje Cevik Gelistirme Temelleri Planh Gelistirme Temelleri
Ozellikleri

Uygulama

Ana hedefler Hizli deger olusturma, Degisikliklere yanit Tahmin edilebilirlik, Kararlilik, Yiiksek giivence
verme

Biiyiikliik Daha kiiciik ekipler ve projeler Daha biiyiik ekipler ve projeler

Yonetim

Miisteri Ozgii miisteriler, 6ncelikli artislara Ihtiyaca gore miisteri etkilesimleri, sozlesme

iligkileri odaklanmig hiikiimlerine odaklanmis

Planlama ve I¢sellestirilmis planlar, nitel kontrol Belgelenmis planlar, nicel kontrol

kontrol

Tletisim Elde edilen kisisel bilgi Acikea belgelenmis bilgi

Teknik

Gereksinimler Oncelikli gayri resmi hikayeler ve test Resmi proje, yetenek, arayiiz, kalite, 6ngoriilebilir
vakalari, ongoriilemeyen degisikliklere tabi evrim gereksinimleri
tutuluyor

Gelistirme Basit tasarim, kisa donemler, refaktoringin Kapsamli tasarim, uzun dénemler, refaktoringin
diisiik maliyetli oldugu varsayilir maliyetli oldugu varsayilir

Test Calistirilabilir test vakalar1 gereksinimleri Belgelenmis test planlar1 ve prosediirleri.
tanimlar, test edilir

Personel

Miisteriler Dedicated, colocated Crack! uygulayicilari Crack? uygulayicilari, her zaman ayni yerde

bulunmazlar

Gelistiriciler En az %30'u tam zamanli olarak 2. ve 3. %S50'si 3. seviye personellerin basinda; %10'u boyunca;
seviye uzmanlar; 1B veya -1. seviye personel | %30'u 1B seviyesinde ¢alisabilir; -1 seviyesinde
yok? personel yok*

Kaiiltiir Cok sayida serbestlik derecesi ile konfor ve Politika ve prosediirler ¢cergcevesinde konfor ve
yetkilendirme (kaostan zevk alma) yetkilendirme (diizen ve diizen iizerinden zevk alma)

! ve ? Isbirlikei, Temsilci, Yetkilendirilmis, Bagh ve Bilgili.
8 ve 4 Tablo II'ye bakin, 'Personel yazilim beceri seviyesi'
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Tablo 2. Personel yazilim beceri seviyesi.

Seviye Karakteristikler ‘
3 Yeni ve 6nceden karsilasilmamis bir duruma uymak i¢in bir yontemi degistirebilen.
2 Bir yontemi onceden karsilasilan yeni bir duruma uydurabilme yetenegi.
1A Egitimle, 6rnegin hikayeleri artislara uygun sekilde boyutlandirma, desenler olusturma, karmasik COTS
entegrasyonu veya karmasik refactoring gibi takdiri yontem adimlarin1 gerceklestirebilme yetenegi. Deneyim
kazandikea, Seviye 2 olabilir.
1B Egitimle, basit bir yontemi kodlama, basit refactoring, kod standartlarini takip etme ve CM prosediirlerini
calistirma gibi prosediirel yontem adimlarini gergeklestirebilme yetenegi. Deneyim kazandikg¢a, bazi Seviye 1A
becerilerini ustalasabilir.
-1 Teknik becerilere sahip olabilir, ancak is birligi yapma veya paylasilan yontemlere uyma konusunda isteksiz veya
yeteneksiz olabilir.
4. SONUC Highsmith, J. & Cockburn, A. (2001). Agile software

Sonug olarak bu ¢alismada iki Yazilim Gelistirme Modeli
(YGM) tanitilmistir. Plan odakli Selale Model (Waterfall
Model) ve wuyarlamali Cevik Metodolojiler (Agile
Methodologies) olmak iizere. Her iki modelin de kullanim
alanlari, avantajlar1 ve dezavantajlart bulunmaktadir. Kiigiik
projelerin neredeyse her zaman bir Cevik Metodoloji
yaklagimi i¢in uygun oldugu ve neredeyse asla Selale Model
bir yaklagim i¢in uygun olmadigi tespit edilmistir. Hem
Selale Model hem de Cevik Metodolojiler, orta biiyiikliikteki
projelerle ugrasirken zorluklar yasandigr saptanmistir.
Zorlayict bir Selale Model, nispeten basit bir projeye gereksiz
karmagiklik ekleyebilirken, ayni projeye esnek bir Cevik
Metodoloji yaklasimin daha uygun oldugu da diger sonuglar
arasindadir. Biiyiik ve karmasik projeler, farkli uygulama
pargalar1 tizerinde ayni anda ¢alisan goklu ekiplerin oldugu
projeler olarak kabul edilir ve genellikle Selale Model bir
projedir. Selale Model ve Cevik Metodoloji gibi
siiflandirilmasi zor diger YGM'ler i¢in daha fazla arastirma
gerekmektedir.
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Anahtar Kelimeler:
Gri su,

Icme suyu,

Yagmur suyu,

Aktif karbon,

Klor tableti.

Ozet: Bu calismada Tiirkiye ve diinyadaki su ihtiyacinmin bir kismunin karsilanmast igin ¢oziim
iiretilmesi hedeflenmistir. Caligmada, evlerin giderlerinden aklanan gri sularin, makyaj pamugu,
aktif karbon, ince kum, kalin kum ve ¢akil taglarinin iist iiste dizilmesiyle olugan basit aritma
yontemi ile aritilarak kullanma suyu olarak, yagmur suyunun da ayni sekilde aritilip dezenfekte
edildikten sonra igme suyu olarak geri kazanilmasi amaglanmistir. Calismanin ana materyali bir ev
maketi ile iki yanina konulan su toplama tanklarindan olusmaktadir. Calismada, evin bir tarafina
iist iiste konulan gri suyun toplanip aritildigs iki tane plastik tank bulunmaktadir. Ust depoya az kirli
gri su evin balkonundan akvaryum hava motoru ile hareketlendirilerek verilmistir. Yagmur sulart
i¢in; evin diger tarafina da ist iste iki depo konulmus; iistte catidan gelen yagmur suyunun biriktigi
depo altta ise aritilmis yagmur suyunun akitildigi depo bulunmaktadir. Aritilmis gri su, toplanan
yagmur suyu, aritilmig yagmur suyu ve ¢esme suyu ile 4 farkli saksiya maydanoz tohumu ekilip
biiyiitiilerek calisma tamamlandi. Tk asamada; 4 sakstya ekilen maydanoz tohumlari aritilmis gri
su, toplanan yagmur suyu, aritilmis yagmur suyu ve ¢esme suyu ile sulandu. Ikinci asamada, yagmur
sular1 biriktirilerek birinci asamadaki aritma yontemiyle filtre edilerek dezenfeksiyonu yapilmistir.
Saksilara ekilen maydanoz tohumlarinin ilk ¢imlenmesi; ekilmesinden 18 giin sonra
gerceklesmistir. Diger saksilardaki tohumlar da sonraki giinlerde ¢imlenmiglerdir. En fazla gelisen
bitkinin aritilan gri su ile sulanan saksidaki tohum oldugu gézlemlendi.

Recycling Adventure of Domestic Wastewater and Rainwater

Keywords:

Gray Water,
Drinking Water,
Rain Water,
Activated Carbon,
Chlorine Tablet.

Abstract: In this study, it is aimed to produce a solution to meet some of the water needs in Tiirkiye
and the world. In the study, the waste, gray water flowing from the drains of the houses was purified
with a simple purification method consisting of arranging make-up cotton, activated carbon, fine
sand, coarse sand and pebbles on top of each other and used as drinking water, and rain water was
purified and disinfected in the same way and then used as drinking water. It is intended to be
recycled. The main material of the study consists of a house model and water collection tanks placed
on both sides. In the study, there are two plastic tanks placed one above the other on one side of the
house, where gray water is collected and purified. Slightly polluted gray water was supplied to the
upper tank from the balcony of the house by agitating it with the aquarium air motor. For rain water;
On the other side of the house, two warehouses were placed on top of each other; There is a tank at
the top where rainwater from the roof accumulates, and at the bottom there is a tank where purified
rainwater is drained. The study was completed by planting and growing parsley seeds in 4 different
pots with treated gray water, collected rainwater, purified rainwater and tap water. First stage;
Parsley seeds planted in 4 pots were watered with purified gray water, collected rainwater, purified
rainwater and tap water. In the second stage, rainwater was collected and filtered and disinfected
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with the same purification method as in the first stage. First germination of parsley seeds planted
in pots; It took place 18 days after planting. The seeds in the other pots also germinated in the
following days. It was observed that the most growing plant was the seed in the pot watered with

purified gray water.
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1. GIRIS

Su, insan hayati i¢in vazgecilmeyen temel ihtiyag
maddelerinin en basginda gelmektedir. Su, hem insanlarin
hayat kaynagi hem de tabiattaki canlilarin biiylyiip
geligebilmeleri  i¢in  temel ihtiyag maddesi olarak
bilinmektedir (Ozbilen, 2005).

Yeryiizii, su kaynaklar1 agisindan zengin sayilmaktadir;
ancak bu kaynaklarin az bir miktart kullanilabilir durumdadir.
Yerkiiredeki mevcut su miktarinin iginde, tatli suyun
kullanilabilirlik oran1 yaklasgik olarak %0,8 oldugu
bildirilmektedir (Yilmaz, 2015). Insanin hayattaki en 6nemli
ihtiyaglarinin basinda gelen temiz su kaynaklari, artan diinya
niifusuna, gelisen endiistrilesmeye, kentlesmeye, tarimda
kullanilmaya paralel olarak siirekli azalmaktadir. Su
kaynaklarinin azalmasinda en onemli etken olarak goriilen
Diinya niifusu, mevcut verilere gére her gegen yil %1,7-1,9
oraninda artmaktadir (Aksu, 2011). Kullanilabilir suyun
azalmasi kagmilmaz bir gergek olarak ortaya ¢ikmaktadir.
Bunun sebebi diinya niifusunun artisi, gelisen sanayilesme,
koylerden sehirlere go¢ ve tarimda kullanilan sulama suyu
oraninin fazlaligi olarak belirtilmektedir (Mentese, 2017).

Kiiresel anlamda ciddi niifus artis1 hem igme ve kullanma
suyu ihtiyacin1 6nemli Ol¢lide artirmaktadir. Kullanma
suyunun  endiistriyel ~ faaliyetler i¢in  kullanildig
bilinmektedir. Oniimiizdeki 10 yil icinde sanayideki su
ihtiyacinin 1,4 kat, evsel su ihtiyacinin ise 1,9 kat artacagi
bildirilmektedir (Postel ve Richter, 2012). Birlesmis Milletler
Gida ve Tarim Orgiitii’'ne gore, 1995 senesinde su azlig
yasayan niifusun diinya niifusuna orant %29’dan 2025
senesinde %34’e, 1995 senesinde su stresi yasayanlarin
diinya niifusuna orani ise %12’den 2025’te %15’e artacagi
belirtilmektedir (Yerebakan, 1999).

Buradan anlagilacagt gibi su kaynaklar1 diinya niifusuna
yetememe ile karsi kargiya kalmaktadir. Bu da alternatif su
kaynagi bulma ihtiyacini ortaya ¢ikarmustir.

Ulkemizin 2019 verilerine gére yilik kisi bast su kullanma
miktar1 yaklasik 1.500 m® olarak belirlenmistir. Tiirkiye bu
rakamla suyu az olan iilkelerin arasina girmektedir. Tiirkiye
Istatistik Kurumu (TUIK)’ten alinan bilgiye gore iilkemizin
nifusunun 2030 yilinda 100 milyona ulasacag:
belirtilmektedir. Bu durumda kisi basina diisen yillik su
kullanma miktarinm ise 1.120 m® seviyelerine kadar
azalacagl ongoriilmektedir. Bu sebeple yapilan ¢aligmalar
ilerleyen siiregte susuz kalinmamasi igin kirli sularin aritilip
kullanilmasina yonelecektir (Karakus vd., 2010). Tiirkiye’nin
son 60 yilda 1 milyon 400 bin hektar sulak alanin kurudugu
bildirilmektedir. Ulkemize yillik 501 milyar metrekiip yagis
diismektedir. Bunun %37’si 186 milyar metrekiipii olup akisa
geemektedir. 95 milyar metrekiip su da kullanilabilir hale
dontigmektedir (Karakus vd., 2010). Tiirkiye’deki tatli su
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kaynaklarinin yaklasik %80°1 sulama isinde kullanilmaktadir.
Bu rakam ¢ok biiyiik oldugu i¢in mevcut suyun azalacagi
diisiniilmektedir. Bu ihtiyaca karsilik olasi su yetersizligi
kargisinda ¢oziim yollari aranmaktadir. Devlet kurumlari bu
soruna zor ve biyik Ol¢ekli ¢oziimler iiretmisler, ancak
toplam suyun yerini degistirmekten bagka bir is
yapamamislardir. Bu yontemler; literatiirde biiyiik barajlar,
su kemerleri, cok uzak mesafeler arasi boru hatlar1 gibi
metotlar olarak bildirilmistir (Karakus vd., 2010).

Genel olarak iilkemizde ve diinyada kiiresel 1sinmanin
sebep oldugu asir1 sicak iklim, gevre kirliligi, suyu hesapsizca
harcama, su ihtiyacinin artmasi gibi sebeplerden dolay:
alternatif su kaynaklar1 arayisina gidilmektedir (Altindeniz,
2012). Tirkiye’de de atik sularin geri donistiiriilmesi ile ilgili
ulusal mevzuat ilk defa 7 Ocak 1991 tarihinde 20748 sayili
Resmi Gazete’de yaymmlanan “Su Kirliligi Kontrolii
Yonetmeligi Teknik Usuller Tebligi” Bolim 7°de
nesredilmistir. Hatta ¢ogu iilkelerdeki cift¢ilerin atik sularin
artildiktan sonra tarimda kullanildigma dair bir bilgisi
olmadig: tespit edilmistir. Ulkemizde aritma isletmesinden
¢ikan atik sular (antilip ve/veya aritilmadan) herhangi bir
ortama desarj edildigi goriilmektedir (Bingiil ve Altikat,
2017).

Sulamada kullanilacak aritilmig atik su farkli bitki
tiirlerinin biiyliime ve gelisimini ayni derecede etkilemedigi
belirtilmektedir. Atik sular ile yetistirilebilecek bitkiler su
sekilde siralanmaktadir: Yem bitkileri (yonca, ot ve ¢im
cesitleri), kiiltiir bitkileri (musir, bugday, arpa, ¢avrdar, piring,
baklagiller, akdaki, seker pancari, pamur, keten, yag bitkileri
ve tiitlin), kiiltiiri yapilan sebzeler (domates, patates,
salatalik, enginar, brokoli, 1spanak, soya fasulyesi, fasulye,
kabak, karnabahar ve bamya), meyveler (turunggiller, elma,
cilek, ilizin, muz ve digerleri). Bunlarin yanisira c¢esitli
agaclar, ormanlar, sus bitkileri ve ¢icekler olarak
bildirilmektedir. Bu bitki tiirlerinin su ihtiyacini karsilayacak
su miktar1 azimsanacak bir rakam degildir.

Tarimsal sulama islerinde aritilmig atik sularin kullanilmasi
ile;

e Susuzluktan kaynaklanan su kitlig1 6nlenebilir

e Atk sular denizlere gitmekten kurtularak bertaraf
edilmis olur

e Atk sulardan kalitesi yiiksek olanlar, ileri teknoloji ile
aritilarak igme suyu olarak kullanilabilir.

Gri su, evlerin giderlerindeki atik suyun sart kahve su

icermeyen kismina denir. Bagska bir deyimle banyo
kiivetinden, lavabodan, mutfaktan, camasir ve bulasik
makinelerinden  gelen attk su, gri  su olarak

adlandirilmaktadir. Bu atik su, toplam atik suyun hacimce
yaklasik %77°1ik bir kismini olusturmaktadir (Kutlu vd.,
2017). Gri sular az kirli ve ¢ok kirli gri su olarak iki gruba
ayrilmaktadir. Az kirli gri su mutfak, dus ve el yikama
lavabosundan giden atik su olarak belirtilmektedir. Cok kirli
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gri su ise bulasik ve ¢gamagir makinesinden atilan su olarak
bilinmektedir. Az kirli gri sudaki askida kati madde
konsantrasyonu ¢ok kirli gri sudaki askida kati madde
konsantrasyonundan daha az olarak bilinmektedir. Bu deger
az kirli gri suda 12-315 mg/L, ¢ok kirli gri suda ise 29-505
mg/L araliginda goériilmektedir (Boyjoo vd., 2013). Gri su;
sac kili, viicut yag1 ve kiri, sabun ve sampuan artig1 gibi kolay
ayrisabilen bilesenlerden meydana gelmektedir. Gri su kisa
bir zaman diliminde aritma isleminden gecirilmelidir. Aritma
islemi  geciktirilirse ~ siilfatlar yardimiyla bozulmaya
baglamaktadir. Bu da kokugma olugmasina sebep olmaktadir.
Sudaki organik maddelerin dlgiimii; BOI (biyokimyasal
oksijen ihtiyact) ve KOI (kimyasal oksijen ihtiyact)
parametrelerinin  ortalamalart  alinarak  6l¢iilmektedir
(Karahan, 2011). Gri suyu aritma islemi, suyun Kkirlilik
derecesine bagli olarak fiziksel, kimyasal ya da biyolojik
tekniklerle yapilmaktadir. Fiziksel aritma islemleri ¢oktiirme
ve filtrasyon olarak belirtilmektedir. Filtreleme en oOnce
yapilmakta sonra ise ihtiyaca bagl olarak biyolojik ya da
kimyasal aritma yapilmasi dnerilmektedir. Filtrasyon islemi;
kum filtre, kaba filtre ya da membran filtre ile askida kat1
madde ile bazi organik kirleticiler ve patojenlerin yok
edilmesi i¢in yapilmaktadir.

Membran, iki homojen ya da duruma gore homojen-
heterojen iki faz arasindaki segici gegirgen bir set olarak
tanimlanmaktadir. Membran filtreler; maddeleri segip
ayirmasi sebebiyle kirli fazi1 temizlemeye yarayan 6nemli bir
ayirma malzemesi olarak bilinmektedir. Membran filtreler
genel olarak igme suyu, evsel ve endiistriyel atik sularin
aritilmasinda  kullanilmaktadir.  Membranlarin ~ temel
maddesinin aktif karbon oldugu bilinmektedir (Gultas vd.,
2017). Fiziksel aritma teknigi ile azot, fosfor, potasyum gibi
nutrient maddelerin aritilmadig belirtilmistir. Gerektiginde
hem partikiil hem de nutrient giderimi i¢in kimyasal aritma
teknikleri kullanilmaktadir. Bu teknik ise;
elektrokoagiilasyon,  fotokatalatik  oksidasyon, iyon
degistiriciler ve toz aktif karbon ile uygulanan metotlardir.
Kimyasal madde kullanilmadan ise biyolojik aritma
yontemleri ile de gri suyu aritmanin miimkiin oldugu
bildirilmektedir. Gri su biyolojik aritma yapilirken; yapay
sulak alan (CW), doner biyolojik reaktdr (RBC), ardisik
kesikli reaktér (SBR), membran biyoreaktorii (MBR)
metodlart kullanilmaktadir. Membran biyoreaktorii disinda
kalan metotlarda 6n aritma (filtreleme ve ¢oktiirme) mutlaka
yapilmalidir. Gri su en son olarak da UV ya da klor ile
dezenfekte edilmelidir (Ustiin ve Tirpanci, 2015). Membran
malzemeleri aktif karbon disinda polimer ve seramik olan
malzemeden de yapilmaktadir. Polimer malzemeden yapilan
membranlar genellikle polietilen (PE), polipropilen (PP),
polivinildenflorid (PVDF) gibi organik  polimerler
kullanilarak elde edilmislerdir. Membranlarin gdzenek
kalitesi, mekanik dayanimi yiiksek seviyede olmalidir.
Ayrica membrani olusturacak malzemenin uzun siireli
islemlerde sicakliga ve kimyasallara karsi yiiksek
performansta olmasi beklenmektedir (Koyuncu, 2018).

Gri sular Avustralya, Amerika Birlesik Devletleri gibi
bazi iilkelerde aritmadan direk kullanilmaktadir. Ancak bu
durum bazi riskleri de beraberinde getirmektedir. Bu riskler;
hastalik yapici bakteri ve mikroplar olarak bilinmektedir.
Bunun i¢in insan viicudu ile direk temas etmemelidir. Yine
bu ilkeler gri suyu aritmadan sulama isleminde
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kullanmaktadir. Fakat burada da uzun siireli kullanim
yapilmasinin bitkilere zarar verdigi belirtilmistir. Bu zarar ise
deterjan ve sabunlari, yaglarm, kimyasal tuzlari topragin
yapisini bozmasi olarak belirtilmektedir. Ayrica gri suyun
direk kullanimi yer alti sularmin kirlenmesine de sebep
olmaktadir (Ustiin ve Tirpanci, 2015). Gri suyun geri aritilip
geri doniislimiiniin saglanmasiyla yeryiizii su kaynaklar1 da
muhafaza edilmektedir. Eger gri su atildigi yerde aritilirsa
kanalizasyona verilmeyecegi icin belediyelerin atik su
aritmasina katkida bulunmusg olunacaktir. Bu da milli gelir
demektir. Gri su, peyzaj alanlarinda ve tarimda sulama igin
kullanildiginda ise; bilesimindeki organik maddeler
sayesinde topragi besleyecegi belirtilmektedir (Kutlu vd.,
2017).

Aritma sistemlerindeki en 6nemli adsorban (ylizeyde
tutucu madde) aktif karbon olarak bilinmektedir. Bu
adsorbanin tarihte en eski kullammi MO 1500 ve MS 13.
Yiizyil olarak bildirilmektedir (Cetinkaya, 2015).

Aktif karbon bilesiminde karbon orani ¢ok yiiksek olan
bir madde olarak belirtilmektedir. I¢ yiizey alami, mikro
gozenekli yapisi, gozenek hacminin genisligi ve yiizey
reaktivitesi sayesinde ¢ok fonksiyonel bir adsorban olarak
gorev yapmaktadir. Belirli bir kimyasal formiilii olmadigi
belirtilmektedir. Aktif karbonun essiz bir adsorban olusu
genisletilmis ylizey alani, mikro gdzenekli yapisi, yiiksek
adsorpsiyon kapasitesi ve ylizey reaksiyon aktifligi ile
saglanmaktadir (Geyik, 2019).

Su ve sudan yararlanmak insanin temel hakki olup ihtiyag
maddelerinin en 6nemlisi sayilmaktadir. Birlesmis Milletler
ekonomik, sosyal ve kiiltiirel haklar komitesi de suyun
insanin temel haklarinin basinda geldigini agiklamustir.
Dolayistyla su ihtiyact kalkinmanin 6nemli kriterlerinden biri
olarak kabul edilmektedir (Ozbilen, 2005).

I¢me sulari, genel olarak igme, yemek yapma, temizlik vb.
amaglar i¢in kullanilan ve TS 266'daki sartlar1 saglayan
insanlarin igme ve kullanma ihtiyaglari i¢in kullanildig1 sehir
sebekeleri, kuyu, ¢esme sulari, gesitli yontemlerle aritilmis
dere, nehir ve gol, baraj sulari ile kaynak sularidir (Beyribey
vd., 1997).

Gliniimiizde yagmur sular1 da aritilip artan niifusun
ihtiyacint karsilamak i¢in kullanilmaktadir. Bilhassa biiyiik
isletmelerde (Hava limanlari, askeri bolgeler, stadyumlar,
turistik tesisler) bu uygulamayr gerceklestirmektedir. Cok

geemis yillarda daha ilkel olarak sarnig¢ sistemi
kullanilmaktaydi.  Sarniglarin  sistemi yer altmma su
kacirmayacak sekilde gomiilerek  gergeklestirilmistir.

Yagmur sular1 ev ve isyeri damlarindan toplanip sarnica
akitilmaktadir. Sarnica gelen yagmur suyu silis kumu ile
filtrelenerek temizlenmektedir. Bu filtre yaklagik bir metre
yiksekligindeki kum ve g¢akil silizgecinden meydana
gelmektedir (Sahin ve Manioglu, 2011). Yagmur suyu
depolanip higbir aritmaya ihtiyag duymadan peyzaj alan1 ve
bahge sulamada rahat bir sekilde kullanilmaktadir. Hatta bu
uygulama maliyet, siirdiiriilebilirlik, bakim, erisim kolaylig1
acisindan da avantajli goriilmektedir. Bu uygulamanin az ya
da ¢ok her tiirlii sulama suyu ihtiyacinda kullanilabilecegi
belirtilmistir (Miiftiioglu ve Per¢in, 2015).
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Icme suyu, renk, koku, tat ve icerik bakimindan
mikroorganizmalardan armmis olan sulardir. Kalite
bakimindan incelendiginde birinci siray1 kaynak sulari ikinci
sirayt da kuyu sular1 almaktadir. Bu iki su ¢esidi de hicbir
aritmaya tabi olmadan kullanilabilmektedir. Fakat bu sularin
miktar1 az olup biiyiik kentlerin su ihtiyacina yetmemektedir.
Bu sebeple 1rmak, dere ve g6l sulart zararl
mikroorganizmalardan arindirmak i¢in dezenfekte edilerek
kullanilmaktadir. Dezenfeksiyon islemi, klor ve klor tiirevleri
ile yapilmaktadir (Yalcin vd., 2004).

TSE standartlarinda aritilmis suyun belirli kalite sartlari
bulunmaktadir. Bu kriterler TS 266 (2005)’te

e Zehirli maddeler

e Sagliga zararli maddeler

e Kirlenmeyi gosteren maddeler

e Radyoaktif maddeler seklinde belirtilmektedir.

Icme suyu aritma teknikleri; havalandirma,

dezenfeksiyon, koagiilasyon ve flokulasyon, sedimantasyon,
filtreleme ve son dezenfeksiyon iglemlerinden olugmaktadir.
Bunlardan sonra da bulasici hastaliklardan korunmak igin
klorlama yapilmaktadir. Dezenfeksiyon bir ¢esit kimyasal
aritma islemidir. igme suyu; klor, kire¢ kaymagi, klor dioksit,
camasir suyu, iyot, potasyum permanganat, ozon ve
ultraviyole 1ginlar ilave edilerek dezenfekte edilmektedir
(Akgor vd., 2006). Klorlama, ozonlama ve ultraviyole
radyasyonu (UV) igme suyu dezenfeksiyonunda kullanilan
metotlar olarak bildirilmektedir. Klor bu islem i¢in en ideal
yontem olarak kabul edilmektedir. Bu yontem hem ucuz hem
de suyun dagitildigi sebekede etkisini uzun siire saglayan
teknik olarak bilinmektedir. Yiikseltgenme giicii daha fazla
olan ozon, klora gore renk ve koku giderimi i¢in daha iyi bir
metot olarak goriilmekte ancak uzak yere gidecek sebeke
suyunun aritilmasinda klor kadar uzun siire kalmadig tespit
edilmistir. UV yontemi ile su dezenfeksiyonu klor ve ozon
kullanilarak yapilan yontemden daha etkili fakat bu metodu
daha ¢ok biiyiikk igletmeler tercih etmektedir (Glimiis ve
Akbal, 2013).

Yerin {istiindeki sularin sicakligi, mevsimlere gore
farklibk gostermektedir. Igme suyunun sicakligi +14 °C
olmalidir (Aksu, 2019). Genel olarak tiim iilkelerde igme
suyu sebekelerindeki minimum giivenli bakiye klor araliginin
0,2-0,5 ppm seviyesinde olmasi istenmektedir. Halk sagligini
tehlikeye sokmayacak en yiiksek bakiye klor seviyeleri ise 4-
5 ppm seviyelerine olmasi 6nerilmektedir (Yigit vd., 2017).

Diinya Saglik Teskilati (WHO), A.B.D. ve Hollanda igme
Suyu Standartlarina gore belirlenen igme suyu pH standart
degeri 6,5-9,2°dir. Kloriir i¢in standart deger 600 mg/1; hedef
200 mg/ I’dir. Bu veriler iilkemizdeki TS 266°daki igme suyu
standartlar1 ile uyumludur. Bakiye klor ise TS 266’ya gore 0,5
mg/’dir. Hedeflenen deger bakiye klor igin 0,1 mg/l olarak
belirtilmistir (Zoroglu, 2019).

Kiitiik ve Yiiceer, (2020)’nin beyanina gore; yagmur suyu
aritilirken filtrasyon metodu kullanilmaktadir. Yapilan aritma
isleminde cakil ve ince kumdan olusan filtreleme diizenegi
kullanilmistir. Bu sistem her sirket igin farkli olarak
uygulanmaktadir. Buna ragmen maliyeti diisiik bir yontem
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olarak belirtilmigtir. Bunun sebebinin yagmur suyunun
oluklardan kendiliginden hizli bir sekilde gelmesi olarak
bildirilmistir. Buna istinaden yagmur suyu aritilirken ek
maliyet gerekmedigi de goriilmiistiir. Toplanan yagmur suyu
ile dus alma, tuvalet sifon ve taharet musluklarinda kullanma
yangin sondiirme, ara¢ yikama, havuz doldurma, yer alt1 suyu
beslenmesi tiikketiminde kullanilmaktadir (Kiitiikk ve Yiiceer,
2020).

Metcalf, vd., (2007)’nin beyanina gore; Suyun aritilip geri
doniistiiriilmesinin ~ gelecekteki  faydalar1 su  sekilde
belirtilmektedir.

Temiz su kaynaklarinin korunumu;

e Suyun kirlenmesine sebep olabilecek niitrientlerin
kontroliiniin saglanmasi

e Disar atilan atik su azalacagi i¢in topraktaki zarar
goren canlilarin  korunmasi Ekonomik istiinliik
saglamasi

o Evsel ya da endiistriyel atik sulardaki potasyum, azot
ve fosfor gibi bilesiklerin giibre etkisi yaparak topragi
besledigi bildirilmektedir. Boylece giibre kullanimi
azalmis olacaktir (Metcalf vd., 2007).

Altindeniz (2012)’nin beyanina gore;

Istanbul’da yapilan bir uygulamada; az kirli gri suyun
aritilarak degerlendirilmesi uygun gorlilmiistiir. Clinkii az
Kirli gri su, toplam gri suyun %40-50 oranini olugturmaktadir.
Bu su aritilinca segilen pilot sitedeki sulama suyunun iki ti¢
kati elde edilmektedir. Az kirli gri su aritma tekniginin daha
kolay olmasi, depolama hacminin kiigiilmesi, sistem kurulum
maliyetini diigiirdigii belirtilmistir. Ayrica harcanan enerjinin
az olmasi, kolay bakim yapilmasi da avantajlari arasinda
sayllmaktadir. Elde edilen verilere gore; az kirli gri su
aritilinca 16 yil sonra kendi maliyetini karsilayabilecegi
sonucu ¢ikarilmistir. Gri su aritilip sulamada kullanilinca,
sadece peyzaj sulamasindaki geri kazanim yillik 4.214 m?
sebeke suyuna esdeger oldugu bildirilmektedir (Altindeniz,
2000). Arslan-Alaton ve arkadaglar1 (2010)’min beyanina
gore; Tirkiye’deki atik su aritma isletmelerinin genel
kritigini ortaya koyduklar1 ¢aligmada, yiiksek kalitede su
aritimi yapilamadigini belirtmislerdir. Buna sebep olarak ta;
kullanilacak  aritma  tekniginde  optimum  metodun
kullanilmamasi olarak bildirilmistir. Sonug olarak su aritma
tekniklerinden membran aritma sistemini diger aritma
tekniklerine gore en iist seviyede gostermislerdir (Arslan vd.,
2010).

Bu ¢alismada Tiirkiye ve diinyadaki su ihtiyacinin bir
kisminin karsilanmasi i¢in ¢6ziim tiretilmesi hedeflenmistir.
Caligmada, evlerin giderlerinden aklanan gri sularin, makyaj
pamugu, aktif karbon, ince kum, kalin kum ve ¢akil taglarinin
iist iiste dizilmesiyle olusan basit aritma yontemi ile aritilarak
kullanma suyu olarak, yagmur suyunun da aym sekilde
aritilip dezenfekte edildikten sonra icme suyu olarak geri
kazanilmasi amaglanmustir.
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2. MATERYAL VE METOT

Calisma 4 Ocak 2020 tarihi ile 23 Subat 2020 tarihleri
arasinda Istanbul’un Kii¢likgekmece ilgesinde
gerceklestirilmistir. Caligmada ilk is olarak gri suyu ve
yagmur suyunu aritmak i¢in Karakéy’den aktif karbon, deniz
kiyisindan ince ve kalin kum, c¢akil taglari, marketten makyaj
pamugu ve pet sise temin edilmistir. Pet sise altindan
kesilerek makyaj pamugu, aktif karbon, ince kum, kalin kum
ve cakil taslarinin iist iiste dizilmesiyle aritma diizenegi
yapilmistir. Bu diizenek ¢aligmanin ana materyali olan ev
maketinin iki yanina st iiste konulan 4 tane plastik su
tankindan olusmaktadir. Evden ¢ikan az kirli gri su balkondan
depolara aktarillacaktir. Bu suyu havalandirmak ig¢in
elektrikgiden temin ettigimiz akvaryum hava motoru
kullanilmistir. Yagmur suyu ise aritilmasi i¢in evin gatisindan
ince bir hortumla evin diger yanindaki pet sisedeki diizenekle
aritilarak tanka alinmistir (Sekil 1).

Bu calismanin gerekliligi ve gergekligi aritilan ve
aritilmayan sularla bitki yetistirilerek teyit edilmistir.
Yagmurlardan toplanan yagmur sular1 bu c¢alismada, bitki
sulama ve aritarak igme suyu elde etmek igin kullanildi. igme
suyu ayrica eczaneden temin edilen klor tabletleri ile
dezenfekte edildi. igme suyunun kalitesini anlamak i¢in TDS
(Total Dissolved Solids, yani toplam ¢6ziinmiis madde
miktart) cihazi temin edilerek suyun igile bilirligi belirlendi.

3. BULGULAR VE TARTISMA

Calismada kullandigimiz maydanoz tohumlarindan ilk
olarak az kirli gri su ile sulanan saksidaki maydanoz tohumu
18. giiniin sonunda c¢imlenmeye baslamistir. 2. sirada
¢imlenen maydanoz tohumlari 24. giinde aritilmamis yagmur
suyu ile sulanan sakst olmustur. 3. sirada 27. giinde aritilan

Yagmur suyu toplama olugu

Su tahliye olugu

Su toplama tanklar1

yagmur suyu ile sulanan saksi ¢imlenmis en son 29. giinde
¢esme suyu ile sulanan saksi ¢imlenebilmistir. Az kirli gri su
ile sulanan saks1 daha belirgin gelisme gostermektedir. Bu da
bize c¢alismamizda kullandigimiz aritilmig gri  suyun
sulamaya uygun oldugunu gdstermistir; ancak aritilmayan az
kirli gri sularin sulama i¢in uygun olmadig: belirtilmektedir.
Bu da bize az kirli gri sularin bir aritma islemine tabi
tutulduktan sonra kullanilmasinin siirdiiriilebilir neticeler
verecegini gostermistir.

Glinlimiizde suyun geri doniisiimii, bilimsel aragtirma
kurumlar1 tarafindan onceligi olan konularin baginda
gelmektedir. “Akarcay Havzasinda Aritilmig Atik Sularin
Yeniden Kullanilmasinin Aragtirilmasi Caligmasi” bu isin
profesyonel bir bakisla uygulandigini gostermektedir. Bu
calisma ile Afyonkarahisar Atik Su Aritma Tesisi aritilmig
suyu tarimda kullanarak kuru tarimdan sulu tarima gegmede
onciiliik edecegi diisiiniilmektedir. Bahsi gegen ¢alismada da
belirtildigi  tizere attkk suyun geri  doniisimiini
desteklenmektedir. Atik suyun aritilip sulamada kullanilmast,
tarimda ekonomik anlamda ciddi bir katki saglamaktadir.
Boylelikle o bolgede tarimla ugrasan insanlarin mali giicii
artmis olacaktir. Hatta bu aritma sistemlerinin bahgelere
yakin olmasi durumunda topragin ihtiyag¢ duydugu besinin bir
an Once topraga gecmesi verimi artiracaktir.

Caligmada atitk gri su ve yagmur suyunu; aritma
isleminden gegirerek geri doniistimiiniin ve
yenilenebilmesinin miimkiin olabilecegi iizerine c¢alisildi.
Calismadaki en 6nemli husus: yagmur suyunun filtre edilerek
ya da edilmeden giivenle kullanma suyu olabilecegi, gri
suyun ise once filtre edilip, sonra klorlanarak aritildiktan
sonra evlerde (tuvalet sifonlari, temizlik), bahge ve tarimdaki
sulama iglemlerinde sifir riskle giivenle kullanilabileceginin
ortaya konulmasidir. Bu ¢alismanin ikinci agsamasi, yagmur
suyundan i¢me suyu elde edilebilmesi, bu yolla yeryiiziindeki
kurakligin getirdigi susuzlugun 6niine gegilebilme agisindan

Sekil 3. Yagmur suyunun depolanma semas1 (Izometrik goriiniis, Olgek 1:30).
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biiyiik 6nem arz etmekte ancak aritilan yagmur suyu, yeme
ve igmede kullanilacagi ic¢in dezenfeksiyonunun dikkatli
yapilmasinin gerektigi 6nerilmektedir. Ayrica igme suyunun
tad1 alisilmisin disinda olabilecektir. Fakat ¢ol iklimi gibi
sartlarinda bu tat farkinin 6nemli olmayacag kanaatindeyiz.
Artilan gri su, narin yapili bitkiler hari¢ ¢ogu bitkilerin
yetistirilmesinde kullanilmaktadir. Bu da calismanin maddi
getirisinin  ve  siirdiiriilebilirliginin  yiiksek oldugunu
gostermektedir.

Membran prosesler, isletmelerde az kullanilmaktadir.
Membranli tesislerden elde edilen su yiiksek kalitede
olmaktadir. Membran proseslerden sonra daha az kimyasal
madde kullanilmaktadir. Ancak dezavantaji olarak ta
membranlarin  kurulum asamasindaki maliyet {ilkemiz
kosullarinda fazla olabilir. Ayrica membranlarin iyi ve
siirekli kontrol edilmeli, kirlenerek tikanmasinin 6nlenmesine
dikkat edilmelidir.

Calisma 4 farkli suyla sulanan maydanoz tohumlarindan
en ¢ok gelisme gosteren aritilmig gri su ile sulanan saksi
oldugu tespit edildi. Bunun sebebinin evsel atik sulardaki
kimyasallarin filtre ile azaltildiktan sonra igeriginde kalan
yemek  artiklari  gibi  maddelerin  glibre  olarak
kullanilmasindan dolay1 oldugu diisiiniilmektedir.

4. SONUC

Su aritimi ¢alisacak olanlarin sadece membran filtre degil
seramik, hibrit ya da kompozit filtrelerin de denemeleri
gerektigi diisiiniilmektedir. Hatta bahgesi ya da peyzaj alani
olan sitelere, yaptigimiz gibi basit bir aktif karbon, kum, ¢akil
tagt diizenegi kurup az masrafsiz sulama suyu elde
edilebilecegi  Onerilmektedir.  Ciinkii  antilip  ¢ok
bekletilmeden kullanilan az kirli gri suda, bitkiler i¢in son
derece Onemli besin kaynaklarindan azot, karbon vb
kimyasallar bulunmaktadir.

Az kirli gri su artilip peyzaj alanlarmin sulanmasinda
kullanihirken cesmelere “Igilemez” uyarist konulmalidir.
Belediyeler gri su aritim ve kullanma gerekliligini halkimiza
bilboardlarla ve afiglerle duyurmalidir. Bu uyart halkimizin
su okuryazarlig1 konusunda da bilincini artiracaktir. Kiiresel
isinma ve iklim bozulmasi siirecinde igilebilir ve
kullanilabilir su miktarinda ciddi bir azalmanin bekleniyor
olmast bu ydntemle sularin daha ekonomik kullanilmasi
ayrica dnem arz etmektedir. Buna ek olarak su ihtiyact ¢ok
biiyiik boyutlara ulagtiginda gri sularin en modern tesislerde
dahi kullanima sunulacagi 6ngoriilmektedir.
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Abstract: The Homotopy Perturbation Method (HPM) has been shown to be effective in solving
both linear and nonlinear differential equations in mathematics, making it useful in a wide range of
applications in the fields of physics and engineering. In this study, the Homotopy Perturbation
Method was applied to the neutron diffusion equation for a one-dimensional time-independent
approach. The Laplace operator of the neutron diffusion equation was considered for Cartesian,
spherical and cylindrical coordinates. The critical radius values obtained for three different systems
were calculated for all possible values of the relevant material parameter B. The results show that
the solution of the neutron diffusion equation is agree with the literature.

Homotopi Perturbasyon Metodunun Noétron Difuzyon Denklemine Uygulanmasi

Anahtar Kelimeler:

Homotopi Pertiirbasyon Yontemi,
ndtron difiizyon denklemi, ikinci
derece diferansiyel denklemler,
kiiresel ve silindirik koordinatlar

Ozet: Homotopi Pertiirbasyon Yénteminin (HPM), matematikte hem dogrusal hem de dogrusal
olmayan diferansiyel denklemlerin ¢dziimiinde etkili oldugu, fizik ve miihendislik alanlarmdaki
genis bir uygulama yelpazesinde faydali oldugu gosterilmistir. Bu calismada, tek boyutlu zamandan
bagimsiz yaklasim igin nétron diflizyon denklemine Homotopi Pertiirbasyon Yo6ntemi
uygulanmustir. Notron diflizyon denkleminin Laplace operatorii kartezyen, kiiresel ve silindirik
koordinatlar igin dikkate alindi. Ug farkli sistem icin elde edilen kritik yarigap degerleri, ilgili
malzeme parametresi B’nin tiim olasi degerleri igin hesaplandi. Sonuglar nétron difiizyon

denkleminin ¢6ziimiiniin literatiirle uyumlu oldugunu gostermektedir.

*ligiliyazar: halidecelikten@gmail.com
DOI: 10.58688/kujs.1407648

1. INTRODUCTION

The Homotopy Perturbation Method introduced by Ji-
Huan He in 1998, combines elements of the traditional
perturbation method with Homotopy in topology. Extensive
research has been conducted, both analytically and
numerically, investigating its effectiveness in handling linear
and nonlinear differentials as well as integral equations
(Yener, 2009). In particular, HPM has demonstrated
successful applications in the solution of the Laplace equation
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and demonstrated rapid convergence of solution series in a
wide variety of situations (Es, 2022).

HPM is a technique that provides reliable results for many
equations and has attracted a great deal of interest from
researchers over past years. The solution of nonlinear
equations (Daghan et al., 2017), solution of partial differential
equations (Ozpinar, 2020), solution of hyperbolic equations
(Cigek and Mondali, 2022), solution of higher order
differential equations (Es, 2022) solution of neutron diffusion
equation (Shqair, 2019), solution of neutron diffusion
equation in spherical and cylindrical coordinates (Dababneh
et al., 2011), solution of diffusion equations of systems with
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different geometries (Koklu et al., 2016), have been studied
with HPM.

In this study, the derivation of the neutron diffusion
equation in the reactor for three different geometries (cube,
sphere and infinite cylinder) has been carried out using the
HPM method. In order to analyze the accuracy of the
calculations, the reactor radius obtained from the neutron
diffusion equation was calculated for many values of the
material parameter buckling value B between zero and one.

In literature the critical size is found according to some
certain buckling value in nuclear reactor studies. In respect to
mathematical perspective, buckling value is taken into
account as a number in terms of reactor media from zero to
one. (Khasawneh, 2009; Dababneh, 2010).

It is well-known that the material parameter and the
critical size is an inverse relationship in reactor engineering.
When the material buckling is increased the critical size
decrease up to a certain value. So, the results are in line with
this expectation.

A(w) - f(r) =0,

If B is the boundary condition,

After calculating critical size for all different geometrical
systems for many materials buckling values B, the graphs of
the flux equations for all geometrical systems are also drawn
to verify the roots that refers to the critical size of the assumed
system. It is shown that the roots in the graphs are also
consistent with the results of the calculations. In this way, it
can be seen from the tables and graphs that the Homotopy
Perturbation Method gives consistent and accurate results.

2. MATERIALS AND METHODS
2.1. Homotopy Perturbation Method and Applications

In this section, the homotopy perturbation method will be
introduced to obtain analytical or approximate solutions of
linear or nonlinear differential equations (He, 2000).

A is the general differential operator, f(r) is an analytical
function and, I': Q is the limit of boundary. A nonlinear
differential equation given by;

r el 1)

2

A is a differential operator, L is a linear operator and N is a nonlinear operator. If they are substituted into Eq. (1)

L(w) + N() = f(r),

refl 3)

is found. Here v(r, p)= Q x[0, 1]—R Homotopy can be occurred. p € [0, 1] and u, are the initial approximations that satisfies

the boundary conditions;

H(v,p) = (A-p)[Lw)-Lug) ] + p[A@) -f(r)] = 0, r€Q, “)

The Eq. (4) is formed. From the Eq. (1),

H(,p) = L) — L(ug) — plL(v) — L(up) —AW) + f(r)] = 0 Q)
= L(v) - L(ug) +pL(ug) - p[L(v) —A(w) + f(r)] =0

And it is obtained that

L(v) = L(uo) + pL(tg) — pL(v) = 0 ©)

Eq. (3) can be rewritten as

L) =—=N@) + f(r) ()
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It can be put into Eq. (6)

L) = L(uo) + pL(utg) —p[-N@) + f(r)] = 0

So the Eq. (4) becomes as;

H(v,p) = L(w)-L(uo) + pL(uy) + p[N(v) = f(r)] = 0

©)

©)

As the parameter p changes from 0 to 1, the function v(r, p) also changes from u, to ur.

H(v,0) = L(v) —L(uy) =0
and

Hwv,1)=Lw)+Nw)—f(r) =0

(10)

(11)

Here, when p=0, equation (4) becomes a simple linear differential equation, and when p=1, the original nonlinear differential
equation we discussed is obtained. In the Homotopy perturbation method, where p is a very small parameter, the solution of Egs.

(4) and (9) can be written as a power series of p.

v = vy +pv, +p%v, +piug + - =Zp"vn
n=0

The approximate solution of the Eq. (1) is found as;

u= lirr%(v0 + pv; + p?vy + )
p—)

(12)

(13)

=Vy+ U+ V=YV

This case is proposed by Ji Huan He to clarify HPM and many researchers in mathematics and physic are used the method.

(Dababneh, 2010; Shqair, 2022).

2.1.1. HPM Application to the Cube

Neutron diffusion theory is a methodology used to
estimate the distribution of neutrons within a nuclear reactor
by employing the diffusion equation, like molecular
transport. This theory involves solving the diffusion equation
to approximate the spatial, distribution of neutrons. It was
extensively employed in the design of many early reactors to
model and understand neutron behaviour within the reactor
core.

The Homotopy Perturbation Method is applied to the
neutron diffusion equation written for a general time-
independent, steady state, one-dimensional geometry with
vacuum boundary conditions (Lamarsh and Baratta, 2001).

Vi () + B*p(r) = 0 (14)

It is the best-known form of the neutron diffusion
equation. Here the gradient operator can be reorganised for
the geometry of the system.

The neutron diffusion equation can be written for the one-
dimensional cartesian geometry;
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d?p(x 15
d('i;(z ) + B%p(x) =0 (19)
Here B? is the material buckling known as the
2V Z'f _Za . e e .
B = T . Here s is the macroscopic fission cross

section, Y 4 is the macroscopic absorption cross section, D is
the diffusion length v is the number of delayed and prompt
neutrons numbers in a fission chain reaction. It is known that
the neutron diffusion equation is widely used in nuclear
reactor calculation. The parameters for material buckling are
related with the material of the reactor core. The exact values
of them can be found in the evaluated nuclear data library
center or the others. However, in our study we want to show
the application of the HPM method solving for three different
geometrical reactor core systems. In this reason when the
critical radius calculations are done, the material parameter B
value is taken into consideration in the range of zero to one.
So, we can check the Homotopy Perturbation method used in
the neutron diffusion equation solution. The Homotopy is

. L dfpx) | o2 _ ing
applied to the equation i +B?%¢ (x) = 0 as following:
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(16)
H(p,p) = x*¢p“(x) + pB*¢p (x) = 0 p € [0,1]

The variation of p from zero to unity corresponds to the variation of Eq. (16); which is an initial approximation obtained

when p=0. The basic assumption of HPM is that the solution of Eq. (16) can be expressed as a power series in p,

d ()= po(xX)+ p P () + P?p, () + ... (17)

The Eq. (17) is substituted into Eq. (16) and then the power series of p is found as;

p°= ¢y"(x) =0

p' = ¢:"(x) + B*po(x) =0

P> = ¢"(x) + B> ¢y(x) =0
) (18)

P*=¢r"(x) + B¢y (x) =0
Itis assumed that ¢, (0) = C. So, it becomes ¢,”(0) = 0. The initial condition of ¢, (x) is applied to Eq. (18) and it is found
that,
¢,"(x) = —B*C (19)

¢+ (x) can be obtained by integrating of the Eq. (19) as;

$1(x) = —B2C % (20)

When the resultant equation (20) is substituted into Eq. (18), the other fluxes can be obtained as,

2
$:(0) = —B%C =

4

X
— 4
6200 = 8" 735 (22)
— _ Ro6
¢s () =—B°C o97=2
B2C B*C BSC

4 3 6

234" P 23456t

Pr(x) =C— P—— x* + p®

When the approximation of the results with the limit is taken

B2C B*C BSC (22)
li C— 2 2 4 _ .3 6
Wm[C = po=x" +P o3 ¥ ~P 33256 © T

If the series expansion of Eq. (22) is made and the general form of the equation is written:

= (=1)F(Bx)?*.C (23)
s = 3 CC

s (2k)!
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2.1.2. HPM Application to the Sphere

The neutron diffusion equation is organized for r dependent;

Vi) +B*p(r) =0 (24)
If the Laplacian operator (V?2) is written for spherical coordinates;
1d do(r) (25)
— (42 2 _
rzdr< dr )+B¢(r) 0

After arranging,

1
= (2r¢/(r) + 7" (1)) + B¢(r) = 0

The Eq. (25) is multiplied by r? and the transformation of x = Br is done;

X2 P"(x) + 2x ' (x) + x*¢p (x) = 0 (26)

Thus, the equation dependent on the x variable is obtained. By constructing the HPM to Eq. (26)

H(¢,p) =x%¢"(x) + 2x ¢'(x) + px*p (x) = 0 p € [01] (27)

By using the initial boundary value of p as 0, the flux function is found as

P(x) = Po(x) + p P1(x) + P>, (x) + - (28)

From the Eq. (28), it is shown that ¢p,(x) = C. Now the Eq. (28) is substituted into Eq. (27). Then one can obtain,

H(¢,p) = 2x(¢0'(x) +poy () + p2¢2’(x)) +x? (¢0”(x) +ppy(x) + p2¢2”(x))
+px?(o(x) + p p1(x) + PP, (X)) (29)

The power series of p is organized as;

2x¢o (x) +x%2¢y " (x) = 0

2xp; (x) + %%, (x) + X2y (x) = 0

p? = 2x¢," (x) + x%¢," (x) + x*¢1(x) = 0 (30)
P® = 2x¢p3’ (x) + x2p3" (x) + X2, (x) = 0

Pk = 2xp () + 2" (1) + X2es () = O

The assumption ¢, (x) = Ax* + Bx + C is substituted into Eq. (30) and the series solution of the flux function can be ordered

as
_ ¢,
$1(x) = _gX
_C
(%) —ng
$3(x) = —Mxﬁ 31

C C C
2 2_" L4 _ 3 61 ...
Pu() = €= pex® +p 55Xt = p’ e X +

74



AKTAS&KOKLU

The approximate result is found by taking the limit of the Eq. (31)
(32)

BG) = ImIC — pox? + P2 o xh = pd x4 o]
p-1 6 120 5040
The limit value in Eq. (32) is substituted into Eq. (29) and the sum of the exponent series come together and x = Br is used

in the general form of the flux equation

o (—DEC (33)

¢(Br) = a 2K+ D! (Br)%

2.1.3. HPM Application to the Infinite Cylinder

The neutron diffusion equation is used in Eq (24). However, the Laplacian is formed in cylindrical coordinates only for r

1d /[ dp) (34)
;E<T dr

1
;(¢'(T) +71¢" (1) +B*p() =0

) +B2%¢p(r) =0

Again, r is the radius of the cylinder and B is the buckling of the system. The Eq. (34) is multiplied by r?, then the neutron
diffusion equation can be rewritten as,

@' (1) +1¢"(r) +rB2p(r) =0 (35)

Now the well-known transformation x = Br is applied to Eq. (35) and the derivations are performed,

r’B2¢" (x) + Br¢'(x) + r?B2¢(x)=0 (36)

Here the variables of the Eq. (36) transform r to x.

x2¢" (%) + x¢'(x) + x*¢(x) = 0 @37)

The solution of the Eq. (37) is done by constructing the Homotopy Perturbation method as following,

H($,p) = x¢"(x) +x*¢" (x) + px*¢(x) = 0 p € [01] (38)

Within this context, the parameter 'p' ranges between 0 and 1. The initial solution of Eq.-(31) is derived by solving the
condition when 'p' equals 0. The solution to Eq.-(32) manifests as a power series dependent on the variable 'p'

() = () + p 1 () + p?p, (¥) + - (39)

The series of the flux equation as shown in Eq. (33) is applied to Eq. (32) and the power series of p is listed below,
P° =x2o" (x) + x¢5'(x) = 0 (40)

X291 (x) + x¢; (x) + x2Po(x) = 0

p' =
p* =x20,"(X) + x¢p," (x) + x>, (x) = 0

Pk = 20" (%) + 2y () + X261 () = 0

For zero value of p, it is known the initial value of ¢,(x) = C by solving Eq. (38) as finite.

¢p(x) = Ax* +Bx +C (41)
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The Eqg. (41) is substituted into Eq. (40) and the series of the neutron fluxes are founded as;

C
1 (x) = __X
)= C
¢, (x TR
__ 6 (42)
¢ = —17536"
) =C- ¢ + ¢ x*—p3 ¢ 6+
Prc(x R e TR AT
The power series of p can be combined as
C C C (43)
=C— 4 —n3 6
$0) = C—pgx® +p* rext —p’ e x® +

the approximate result of the Eq. (37) can be obtained by taken limit of Eq. (43)

C C (44)
=1 C_ — Z_I_ 2 4 _ .3 6 e
¢ = lim |C = p g x* +p* mex® =P 7eae X
C C
— C 2 4 6 vee
2 T116% 216365 T

The enclosed form of the Eq. (44) can be written by displaying the change of variable x = Br .

B(Br) = Z

k=0

3. RESULTS AND DISCUSSION

The radius of different geometric systems can be
calculated from the flux equations obtained by solving the
neutron diffusion equation by employing the Homotopy
Perturbation Method. The parameter B can only take values
between zero and one for any combination of materials. The
flux equation provides us with an understanding of how
material in a medium affects its radius, which is based on a
range from 0 to 1 for all possible values. In this case, the
radius values are based on the [0, 1] range of B, which
includes all possible values regardless of the specific material
in the environment. The Table 1 shows the results of the
radius r calculated against varying B values. The calculations
were performed using the Mathematica program. In the radius
calculations according to the B values, it was observed that
the radius value decreased as the B value increased. While
this decrease was very fast in the first steps, it was observed
that a slower decrease was observed over time.

The graphs present the angular flux roots derived from the
cubic geometrical system, as delineated in Eqg. (23).
Specifically, the graphs delineate the correspondence
between radius and Buckling B values.

(-Dkc
4K 1Kl
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(Bry?™ )

The cubic flux equation as shown in Eq. (23)
demonstrates the relation between material parameter B and
the radius of the system. The root of the flux equation gives
the radius as following graphs as shown in Figure 2. The
change of the neutron flux depending on B and r is presented
in the Figure 3 by three-dimensional graph.

The roots of the angular flux for spherical geometrical
system obtained in Eq. (33) are demonstrated in the graphs.
The graphs are drawn for radius to Buckling B values
respectively.

The roots of the flux equation calculated for spherical
system in Eq. (33) is displayed in the Figure 4

The graphs depict the angular flux roots for an infinite
cylindrical geometric system, as obtained from Eq. (45). They
display the association between radius and Buckling B
values, respectively.

Lastly, the flux solution of the neutron diffusion equation
is demonstrated as graphs with varying values of B in Figure
6. The roots can be localized from the graphs for all B values.

The results of r corresponding to the changing values of
B are shown in Figure 7 in a three-dimensional graph
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Table 1. Radius Values for Different Geometric Systems.

Cube (cm) Sphere (cm) Cylinder (cm)

0.1 15,708 31,415 24,05
0.2 7,853 15,707 12,025
0.3 5,235 10,471 8,016
0.4 3,926 7,853 6,012
0.5 3,141 6,283 4,81
0.6 2,617 5,235 4,008
0.7 2,243 4,487 3,435
0.8 1,963 3,926 3,006
0.9 1,745 3,490 2,672

35

30

25

20

B
"5

10
5
0

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Figure 1. Comparison of All Radii Corresponding to all B for Different Geometric Systems.
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15

Figure 3. Flux Equation of Cubic System Graph for Changing r and B in 3D
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r-02-

Figure 4. The roots of the Flux Equation for Spherical System with B=0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9
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Figure5. Flux Equation of Spherical System Graph for Changing r and B in 3D The neutron flux in spherical geometry for
various B and r is shown in Figure 5 as a three-dimensional graph
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Figure 6. The Roots of the Flux Equation for Infinite Cylindrical System with B=0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9
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Figure7. The Flux Equation of Infinite Cylindrical System Graph for Changing r and B in 3D.

4. CONCLUSION

The Homotopy perturbation method is used for the
solution for the neutron diffusion equation in three different
geometric systems. In each geometric system contains own
mathematical structure. When making the calculations, the
Homotopy perturbation method had been tried the
performance of solving spherical, cylindrical and cartesian
coordinates systems. The root of the neutron diffusion
equation implies the critical radius of the one-dimensional
geometric system. It is well-known that when the material
parameter increases, the critic radius of the system decreases.
The behaviour of the roots meets the expectation of the
neutron diffusion equation. The critical sizes for each
geometrical system are listed in tables and also the results are
shown in graphs. All values obtained from the solution of the
neutron diffusion equation with the Homotopy Perturbation
method are in line with the literature results mentioned in
introduction section that are calculated for the certain
material buckling values.
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Abstract: Deadly earthquakes have become a frequent event in the world and in our country.
Therefore, it is a study conducted to understand the factors associated with hospitalized death
during and after the earthquake, to reduce the mortality rate in patients hospitalized after the
earthquake, and to help reduce chronic diseases and metabolic disorders. To date, different factors
related to inpatient deaths in earthquakes have been discussed. In this study, Pub Med, Web of
Science, Medline, Cochrane Library, Google Scholar, Google Academy and ULAKBIM electronic
databases™" earthquake™ "immobilization" "exercise and pH balance"”, “acidosis”, "ketosis" "
immobilization" “oxidative stress” and other keywords. The titles and abstracts of all related articles
reached by electronic scanning were reviewed. From the studies that were decided to be suitable
for the subject, experimental studies, meta-analysis studies, systematic reviews and books written
by reading the full text of the experimental studies were examined to create a comprehensive
integrity on the subject.

Depremde Organizmalarin Hareketsizlik Siirecinde Ortaya Cikabilecek Metabolik

Bozukluklar

Anahtar Kelimeler:
Deprem,

hareketsizlik,

oksidatif stres,

egzersiz ve pH dengesi,
asidoz,

ketozis

Ozet: Oliimciil depremler diinyada ve iilkemizde sik¢a karsilasilan bir olay haline gelmistir.
Dolayisiyla deprem sirasinda ve sonrasinda hastanede yatan dliimlerle iliskili faktorleri anlamak,
deprem sonrasi hastaneye yatan hastalarda 6liim oranini azaltmak, kronik hastaliklarin ve metabolik
bozukluklarin azaltilmasina yardimer olmak amaciyla yapilan bir ¢aligmadir. Bugiine kadar
depremde yatan hasta 6liimleriyle ilgili farkli faktorler tartisilmistir. Bu ¢alismada Pub Med, Web
of Science, Medline, Cochrane Library, Google Scholar, Google Academy ve ULAKBIM
elektronik veri tabanlar1 "deprem" "immobilizasyon" "egzersiz ve pH dengesi", "asidoz", "ketozis"
"immobilizasyon" "oksidatif" stres” ve diger anahtar kelimeler. Elektronik tarama ile ulasilan ilgili
tim makalelerin basliklar1 ve &zetleri incelenmistir. Konuya uygun olduguna karar verilen
caligmalardan deneysel ¢alismalar, meta-analiz ¢alismalari, sistematik incelemeler ve deneysel
caligmalarin tam metni okunarak yazilan kitaplar incelenerek konu hakkinda kapsamli bir biitiinliik
olusturulmustur.
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Metabolic Disorders That May Occur in The Immobilization Process of Organisms in Earthquake

1. INTRODUCTION

Meeting the physiological needs of organisms can be
achieved by maintaining structural and metabolic balances.
This depends on the creation of suitable conditions for the
regulation systems of organisms. This state of balance is
called homeostasis. The preservation of homeostasis is
possible by eliminating the negative factors of endogenous or
exogenous origin (Chaudhry et al., 2020). A malfunction that
may occur in any of these balances causes deterioration of
homeostasis. Along with the earthquake, the organism is
faced with a series of problems starting from exposure to
electromagnetic waves, ranging from fear, anxiety, thirst, not
being able to feed, limited range of motion, water loss, and
respiratory failure. This leaves the organism with many
metabolic disorders as a result of the deterioration of
hemostasis. Considering the role that skeletal muscles make
up about 40% of human body weight and play in metabolic
homeostasis, it has been revealed that a decrease in muscle
mass, which is responsible for the uptake of 80% of resting
blood glucose into the cell, will be responsible for many
metabolic disorders (Pedreanez et al., 2011). While physical
activity is defined as body movements in which energy
consumption exceeds the basal level by contraction of
skeletal muscles; Physical inactivity is defined as performing
physical activity at levels lower than necessary to maintain
health or prevent premature death (Booth et al., 2012). Lack
or absence of physical activity causes damage to the
neuromuscular junction, muscle denervation and a decrease
in muscle mass (sarcopenia) (Mosole et al., 2014).

In this review study, the ability of the organism to perform
its normal duties during an earthquake; Scientific texts and
books on the metabolic disorders that may occur as a result of
meeting the physiological minimum needs were examined.
Pub Med, Web of Science, Medline, Cochrane Library,
Google Scholar, Google Academy and ULAKBIM electronic
databases” earthquake” “crush syndrome” “exercise and pH
imbalances”,  “acidosis and  exercise”,  “Chronic
immobilization” “oxidative stress” Searched using “acute
kidney injury” and other keywords. The titles and abstracts of
all related articles reached by electronic scanning were
reviewed. From the studies that were decided to be suitable
for the subject, experimental studies, meta-analysis studies,
systematic reviews and books written by reading the full text
of the experimental studies were examined to create a
comprehensive integrity on the subject.

99 ¢

1.1. Causes of Metabolic Disorders in Long-Term Drops
1.1.1. Immobilization

Immobilization can be defined as possible uncomfortable
and prolonged immobility. In this situation, which lasts for a
long time, the main task is to produce force and provide
movement, as well as the inability of the skeletal muscles,
which play an important role in glycemic control, regulation
of metabolic genes, and protection of metabolic homeostasis
in the organism. Skeletal muscles become even more
important because of the mutual communication with other
organs through the myokines they secrete (Pedersen, 2013).
Conditions in which contractile activity is reduced or
eliminated, such as immobilization or in a broader sense,
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cause a structural and functional deterioration in skeletal
muscles by negatively affecting the balance between protein
production and destruction in the muscle cell. This results in
skeletal muscle atrophy, which is characterized by a concrete
reduction in mass and a reduction in muscle strength and
endurance (Kandarian and Jackman, 2006; Malavaki et al.,
2015). Thus, the resulting muscle loss affects a certain muscle
group due to the immobilization of a single extremity for a
certain period of time after bone fractures or similar serious
injuries (Chen et al., 2007). In the atrophy process that occurs
due to disuse in skeletal muscle, the main losses in muscle
proteins occur in myofibrillar proteins, which make up 60%
of the muscle cell and are responsible for contraction. All
these changes result in regression in muscle strength and
endurance or the development of many chronic diseases,
resulting in a decrease in quality of life (Batt et al., 2013).

Immobilization causes cartilage cell necrosis and
reduction in total glucosaminoglycan mass, resulting in
cartilage atrophy. As this situation causes softening in the
cartilage tissue, the biomechanical durability of the cartilage
decreases. It has been shown that the cartilage tissue atrophy
and softening caused by immobilization do not completely
improve upon return to mobilization (Haapala, et al., 1999).
There are multiple metabolic disorders caused by
immobilization. One of them is the disorders that occur as a
result of the formation of reactive oxygen species (ROS).

1.2. Oxidative Stress Due to Immobilization

ROS emerges as a natural result of cellular activities in all
compartments of the cell, especially mitochondria,
cytoplasm, and endoplasmic reticulum (Gomez-Cabrera et
al., 2020). Immobilization causes an increase in ROS
production by three different mechanisms including xanthine
oxidase, NADPH oxidase (NOx) and mitochondria (Whidden
et al., 2009). It has been reported that mitochondria are
responsible for most of the increased ROS in the cell during
the immobilization process. H,O; released from mitochondria
increased by 100% in the plantaris and soleus muscles of rats
immobilized by casting for 14 days (Min et al., 2011).
Although the mechanism responsible for the increase in ROS
in mitochondria during the immobilization process is not
fully elucidated, it has been stated that mitochondrial
dysfunction triggered by the deterioration in Ca*?
homeostasis may be one of the mechanisms that may cause
the increase in ROS. The increase in Ca*? concentration in the
cytoplasm due to immobilization leads to Ca*? influx into
mitochondria and mitochondrial depolarization (Bertero et
al., 2020). Ca*? activates the citric acid cycle activity and
ROS-producing  enzymes such as  a-ketoglutarate
dehydrogenase (Tretter et al., 2007). Immobilization causes
an increase in ROS production by three different mechanisms
including xanthine oxidase, NADPH oxidase (NOX) and
mitochondria (Min et al., 2011). Xanthine oxidase, on the
other hand, is oxidized by xanthine oxidase, which is formed
by the metabolization of adenine and guanine under
conditions of increased oxidative stress such as
immobilization, causing the release of superoxide radicals in
the extracellular space (Gomez-Cabrera et al., 2015). The
increase in xanthine oxidase enzyme activity is considered a
marker of oxidative stress. Studies in animal skeletal muscle
using unloading and mechanical ventilation models by tail



suspension have shown that xanthine oxidase enzyme activity
is increased in skeletal muscle fibers (Whidden et al., 2010).
Inhibition of xanthine oxidase with pharmacological agents
such as oxypurinol and allopurinol reduced muscle atrophy
caused by immobilization and preserved contractile functions
(Heinonen, 1996). Another enzyme, NADPH oxidase, is a
mechanism responsible for the production of ROS in skeletal
muscles and is a family of NOX enzymes. NOX, which is
active in the transverse tubule, mitochondria, sarcolemma and
sarcoplasmic reticulum, produces O, " radicals by reducing
molecular oxygen. It is known that NOX activity increases
during the immobilization process (Gomez-Cabrera et al.,
2020; Pamplona et al., 2008). Movement restriction stress
causes oxidant damage as a result of dyslipidemia,
disturbance in carbohydrate metabolism, decrease in nitric
oxide (NO) production, atherosclerosis and imbalance in
antioxidant status. Exposure to chronic stress is expected to
increase lipid peroxidation by increasing oxidative stress,
increase protein glycation with high blood sugar levels, and
ultimately increase Advanced Glycation Endproducts (AGE)
and advanced lipoxidation end product (ALE) levels. In
recent years, oxidative stress has been considered as one of
the main factors in the development of cardiovascular
diseases (Dollery et al., 1997). Oxidation of LDL-cholesterol
by ROS plays a role in the development of atherosclerosis
(Giiven et al.,2005). After six weeks of immobilization in
mice, NOX enzyme activity, O, production and lipid
peroxidation were increased in the endothelium, endothelial
functions were impaired and atherosclerotic lesions
developed (Peyroux and Sternberg, 2006). In another study,
increased oxidative stress as a result of immobilization in rats
caused systolic hypertension and endothelial dysfunction
(Rahbar, 2005).

However, it is emphasized that oxidative stress may be a
factor that inhibits insulin signaling due to reduced physical
activity and deterioration of redox homeostasis (Kessler and
Sonnega, 1995). Phosphorylation of the serine amino acid in
the structure of insulin receptor substrate 1/2 (IRS-1/2) by
oxidative stress causes 17 IRS-1/2 to degrade and inhibits
tyrosine phosphorylation and suppresses insulin signaling
(Gulati et al., 2009). Oxidative stress triggers DNA damage,
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mutations and cancer development during replication
(Bonfiglio et al., 2011). The 8-OH-dG products released as a
result of the OH" radical oxidizing the guanine base may pair
with the adenine base during replication, leading to
mutations. Under normal conditions, the antioxidant system
and ROS production are in balance. However, the increase in
ROS levels during the immobilization process disrupts this
balance, and in response to this situation, the activities of
some antioxidant enzymes change (Gomez-Cabrera et al.,
2020). Investigating the level of oxidative stress in the
skeletal muscle during immobilization. They showed that
GSH was oxidized to GSSG under oxidative stress conditions
and its concentration in the cell decreased by 34%. On the
other hand, TBARS) increased 37% in the soleus muscle,
which is a slow oxidative muscle, in the immobilization
model created by casting compared to the control group
(Kondo et al., 1993). Similarly, the increase in 4-HNE levels
in the soleus muscles of mice immobilized by plastering for
fourteen days indicates oxidative damage during the
immobilization process (Min et al., 2011). Increasing ROS in
the immobilization process oxidizes proteins, causing folding
errors in the synthesis process, deterioration of their chemical
structures and functional losses. The reactions of ROS with
proteins, catalyzed by metals such as Fe?*, and Cu?*, result in
the conversion of amino acids forming the protein structure
into carbonyl derivatives (Stadtman et al., 1991). In another
study, which was developed as a plaster-like method, in
which both legs were immobilized with a stabilizing
apparatus for fourteen days, it was shown that protein
carbonyl and TBARS levels increased and GSH levels
decreased in the immobilization group in the soleus and
gastrocnemius muscle. The first study on the increase in free
radical production during skeletal muscle contraction is
another study by Davies et al. The disuse atrophy model
applied in studies on whether oxidant stress plays a role in
skeletal muscle atrophy due to disuse and the fact that
different results have been obtained depending on which
animal species this model performs makes it difficult to fully
reveal the cause-effect relationship (Pellegrino et al., 2005).
The fact that free radicals are also an important signaling
molecule plays a role in this difficulty.

Metabolic
Disorders

Disruption of
Homeostasis

Disruption of the thermal structure

Figure 1. Metabolic disorders that may occur in the immobilization process of organisms in earthquake.
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There are many studies showing that free radical
production and oxidative damage increase in inactive
muscles, increasing oxidative stress in skeletal muscle under
disuse conditions, protein synthesis and It has been suggested
that atrophy, which develops due to the deterioration of the
balance between degradation is the main mechanism
underlying the atrophy (Powers et al., 2011; Powers et al.,
2012). There is an increase in free radicals and a decrease in
antioxidant defense in the tail suspension model, where the
load acting on the skeletal muscle is reduced by
immobilization (In addition, ketones are converted to glucose
by gluconeogenesis in the liver. When the hunger is
prolonged, protein breakdown occurs in the muscles and
alanine is also converted into glucose by gluconeogenesis in
the liver. In other words, as the brain uses keto acids more
and more, eliminating the need for glucose, the body adapts
to prolonged fasting by conserving nitrogen. This change in
fuel use reduces the need to mobilize amino acids from
muscle for gluconeogenesis. Urinary nitrogen loss is initially
in the form of urea when hepatic gluconeogenesis
predominates, and then in the form of ammonia, reflecting
increased glutamine uptake by the kidney. The carbon
skeleton of glutamine is used for glucose production and
replenishment of consumed HCO 3. The replacement of urea
with NH4* provides the osmoles necessary for urine flow and
waste product excretion. Over time, urinary nitrogen loss is
minimized as renal uptake of filtered ketone bodies becomes
more complete. Adjustments in urinary Na* serve to
minimize renal K* wastage and, together with changes in
urine pH, minimize the possibility of uric acid precipitation.,
to rats exposed to mechanical ventilation in this study, they
suggested that the main reason for the decrease in atrophy and
contractile function in this model was oxidative stress
(Whidden et al., 2010). Protein carbonyl levels in muscle
biopsy samples taken on the eighth and thirty-fifth days of
prolonged bed rest, which is one of the human abstinence
models, were investigated by oxyblot analysis. Accordingly,
while bed rest on the eighth day did not cause a decrease in
the muscle fiber cross-sectional area or a change in protein
carbonyl levels, at the end of the thirty-fifth day, in biopsy
samples taken from the vastus lateralis muscle, there was an
18% decrease in the cross-sectional area of the muscle fibers
and protein carbonyl, which is an indicator of oxidative stress.
levels were also increased (Dalla et al., 1995). Immobilization
and restraint stress have been associated with increased
Blood—Brain Barrier (BBB) permeability in
the hypothalamus, midbrain reticular formation, and the
cerebellum (Malabe and Stonestreet, 2007). On the other
hand, a seven-day confined cage application resulted in a
17.2% loss in rat soleus muscle weight/body weight ratio,
while no increase in protein carbonyl levels was detected. All
these findings indicate that protein oxidation is observed in
disuse conditions induced by the seven-day habitat-limited
cage application. Preservation of skeletal muscle mass is
possible by balancing protein synthesis and protein
breakdown rate. Even a decrease in protein synthesis (Huertas
et al., 1992) and/or a minimal increase in protein breakdown
rate (Koesterer et al., 2002) results in significant muscle
atrophy. However, although a decrease in protein synthesis
rate is observed in skeletal muscle atrophy, the determining
factor is the increase in protein degradation rate (Furuno et
al.,, 1995). A decrease in the amount of glutathione is an
indirect indicator of oxidative stress. Kondo et al. (Kondo et
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al., 1993) reported a decrease in the amount of GSH in the
atrophied group with the single-leg immobilization method.
Similar results have been demonstrated in denervation
atrophy and studies in which rats were not allowed to move
at all. Especially high-stress rates are observed in animals
according to atrophy methods. This stress causes serious
decreases in the amount of GSH (Demiryiirek et al., 2004).
Under immobilization conditions, oxidative stress, which
cannot be controlled due to increased ROS production and
suppression of the antioxidant defense system, causes
damage to important structures in cells and loss of function.
It is stated that in cases of increased oxidative stress,
doxycycline will be protective against oxidative damage and
protein glycation in rats exposed to movement restriction
stress (Dirks et al., 2016). In addition, there are studies
expressing that kefir and yogurt are used as a metabolism
regulator and tissue repairers due to their antioxidative
properties in many tissue degenerations (Giiven 2005; Giiven
et al., 2020). In addition, it has been reported that cognitive
functions regress as a result of oxidative damage of
macromolecules due to immobilization, while even a single
session of exercise after immobilization provides the return
of cognitive functions to normal by eliminating
macromolecule damage (Saretzki et al., 2002). While these
findings reveal the negative effects of oxidative stress on the
increased risk of chronic diseases caused by immobilization,
they also emphasize the importance of oxidative stress in the
formation of pathologies and chronic diseases due to a
sedentary lifestyle.

1.3. Acidosis

Under normal conditions, 10,000 to 20,000 mmol of
carbonic acid and 80-120 mmol of metabolic acid are
produced daily in the organism (Giinay et al., 2018). Acids
give hydrogen ions to solutions, while bases remove
hydrogen ions by binding them. In other words, pH is defined
as the negative logarithm of the hydrogen ion concentration
in a solution and is expressed as pH = - log [H*] (Widmaier
et al., 2019). Maintaining H+ homeostasis in body fluids and
cells, that is, maintaining the balance between the intake and
production of hydrogen ions and their excretion, is very
important for the body's acid-base balance (Pasaoglu et al.,
2019). However, metabolic acidosis occurs when the pH
value in intracellular and extracellular fluids is not
maintained due to many factors. Metabolic acidosis or
alkalosis is the metabolic disorder seen in cases where the
disturbances in the body’s acid-base balance are caused by
changes in the HCO™ ion concentration, and as a result,
changes in the pH level (Telci, 2011). This is common in
earthquakes. As seen after the Marmara and Van earthquakes,
the critical picture that draws attention to the change in the
pH value of the intracellular and extracellular fluids when the
conditions change, this picture in some patients who seem
well under the debris or immediately after being rescued
deteriorate rapidly, possibly due to severe metabolic acidosis
that occurs during trauma and this condition. There are
studies stating that acidosis causes hyperkalemia (Sever et al.,
2011; Glinay et al., 2018).

The occurrence of metabolic acidosis as a result of high
anion gap and normal chloride level is defined as
normochloremic metabolic acidosis, while the occurrence of
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metabolic acidosis as a result of a normal anion gap and high
chloride level is defined as hyperchloremic metabolic
acidosis. There is usually an anion gap in metabolic acidosis,
and the increase in components such as kidney failure,
ketoacidosis, salicylate poisoning, and lactic acidosis,
especially due to the change in organic acids and unmeasured
anion concentrations, causes metabolic acidosis (Giinay et al.,
2018; Pasaoglu et al., 2019).

1.4. Ketosis

Hunger is generally defined as the ingestion of little or no
food in humans for periods of 12 hours to three weeks. During
fasting, liver glycogen, which is the glucose storage polymer,
is broken down into glucose by glycogenolysis, thus
protecting blood glucose. Greater changes occur in the body
as hunger prolongs and glycogen stores decrease. For
example, storage triglycerides in adipose tissue are released
into the circulation as glycerol and fatty acids (Rui, 2014;
Cabhill., 2006). Glycerol is converted to glucose in the liver
and this process is called gluconeogenesis. Fatty acids are
oxidized and used as a direct energy source in tissues such as
liver and muscle. In addition, fatty acids pass from the white
adipose tissue to the liver and are oxidized to acetyl-CoA in
the liver. Then, B-hydroxybutyrate and Acetoacetate are
formed from acetyl-CoA. These ketone bodies are released
into the circulation to be used by the tissues (Palmer et al.,
2015; Palmer .2021). Although the brain cannot use fatty
acids as an energy source, it can use ketone bodies (Frise et
al., 2013). approximately 70% of the energy used is met by
ketones (Cahill., 2006).

In addition, ketones are converted to glucose by
gluconeogenesis in the liver. When the hunger is prolonged,
protein breakdown occurs in the muscles and alanine is also
converted into glucose by gluconeogenesis in the liver. In
other words, as the brain uses keto acids more and more,
eliminating the need for glucose, the body adapts to
prolonged fasting by conserving nitrogen. This change in fuel
use reduces the need to mobilize amino acids from muscle for
gluconeogenesis. Urinary nitrogen loss is initially in the form
of urea when hepatic gluconeogenesis predominates, and then
in the form of ammonia, reflecting increased glutamine
uptake by the kidney. The carbon skeleton of glutamine is
used for glucose production and replenishment of consumed
HCO5. The replacement of urea with NH.* provides the
osmoles necessary for urine flow and waste product
excretion. Over time, urinary nitrogen loss is minimized as
renal uptake of filtered ketone bodies becomes more
complete. Adjustments in urinary Na* serve to minimize renal
K* wastage and, together with changes in urine pH, minimize
the possibility of uric acid precipitation (Palmer et al., 2015;
Palmer .2021; Frise et al., 2013).

2. CONCLUSION

Since living organisms are exposed to electromagnetic
waves, multiple problems arise in metabolism due to factors
such as fear, anxiety, thirst, inability to feed, limitation of
movement area (immobilization), water loss, respiratory
failure. As a result of the deterioration of hemostasis in this
organism, it faces many metabolic disorders.

GUVEN

89

The uncomfortable and long-lasting main task under the dent
is to generate force, and while the communication with other
organs through myokines secreted by the skeletal muscles
that undertake the movement decreases, the conditions in
which the contractile activity decreases or disappears disrupts
the balance between protein production and destruction in the
muscle cell. The increase in the concentration of Ca*? in the
cytoplasm due to immobilization causes Ca*? to flow into the
mitochondria and mitochondrial depolarization, while it
causes an increase in ROS production by three different
mechanisms including xanthine oxidase, NADPH oxidase,
(NOX) and mitochondria. Movement restriction stress causes
oxidant damage as a result of dyslipidemia, disturbance in
carbohydrate metabolism, decrease in nitric oxide (NO)
production, atherosclerosis and imbalance in antioxidant
status. The fact that exposure to chronic stress increases lipid
peroxidation by increasing oxidative stress brings protein
glycation with the high blood sugar levels it will cause.
Precautions and treatments in the direction that all these
changes may occur will increase the loss of life and the
quality of life.
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