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Takdim (YTB)

“Uluslararast Ogrenci Bilimler Kongresi” 2015 yilindan beri Tiirkiye
Burslarimin ¢nemli bir parcasidir. Denilebilir ki, diinyanin belli bagli ttim
tilkelerinden gelen uluslararast ogrencilerin nitelikli tiniversite egitimi
almak {tizere yararlandiklari Tiirkiye Burslarimin “cikti”lari bu kongrede
alinmaktadir. Vatandasi olduklari tilkelerin yani1 sira diinyamizin sorunlarina
da ¢oztim iiretmeye aday olan Tiirkiye Burslulari, mezuniyetlerinden once
cesitli meseleleri bilimsel bir zeminde tartisarak, hem bireysel kariyerlerine
hem de genel akademik birikime katki sunmaktadirlar.

Bu anlayis dogrultusunda bu yil 6'ncis1 diizenlenmis ve 100 civarinda
bildiri sunulmus olan Uluslararasi Ogrenci Bilimler Kongresi, gecen
yillardan farkl: olarak fen ve saglik bilimleri alanlarini da kapsayacak sekilde
genisletilmistir. Boylece daha genis bir kitleye hitap eden kongre, ayni
zamanda disiplinlerarasi bir 6zellik de sergilemistir.

Tiirkiye, tim insanligin sorunlarmmin samimi olarak hissedildigi ve
bunlara ¢oztim {retilmeye calisildigi evrensel bir {ilkedir. Ulkemizin
bu o6zelligini bilim yoluyla gii¢clendiren Tiirkiye Burslar1 kapsamindaki
Uluslararasi Ogrenci Bilimler Kongresi, 6nc1 yilinda da gorildugu gibi,
her seferinde ytize yakin iilkenin gencglerinin bir araya gelebildikleri ender
ortamlardan olmakla birlikte, 6ntimiizdeki yillarda kapsamli bir camia teskil
etmek tizere daha da zenginlestirilecektir.

Basta calismalarini bizlerle paylasan ve bu kitabin bir bilgi rehberi haline
gelmesini saglayan 6grencilerimize ve katkilarini esirgemeyen tiim kurum-

kuruluslarimiza icten tesekkiirlerimi sunarim.

Abdullah EREN
Yurtdigt Tiirkler ve Akraba
Topluluklar Baskan:



Takdim (IBA)

Tiirkiye'nin tarihi ve toplumsal yapisi, medeniyet ve kiiltiir birikimi, bilgi
ve diisiince ikliminden beslenen bir sivil toplum kurulusu olan Istanbul Bilimler
Akademisi (IBA), yurt icindeki 6grenciler ile yurt disindan gelen uluslararast
ogrencilere yonelik projelerine devam ediyor.

Bu kapsamda IBA'min uluslararasi 6grencilere yonelik olarak Yurtdist
Tiirkler ve Akraba Topluluklar Baskanlig ile ortak yirutttugii 6. Uluslararasi
Ogrenci Bilimler Kongresi, bagkent Ankara’'da diizenlendi.

Diinyanin dort bir kosesinden iilkemize gelerek egitimlerini siirdiiren
uluslararas1 6grencilere, akademik ve entelektiiel birikimlerini gelistirmeleri
adina onemli bir firsat sunan 6. Uluslararasi Ogrenci Bilimler Kongresinde
tilkemizde Sosyal Bilimler, Fen Bilimleri ve Saglik Bilimleri alaninda lisans
ve lisanstistii diizeyde 0Ogrenim goren uluslararasi o6grenciler, miisterek
calisma alanlarindan istifade ettiler, deneyimlerini paylastilar ve calismalarini
gerceklestirdiler.

Iki 6zel oturumla birlikte toplam yirmi tig farkli oturumun gerceklestirildigi
kongre boyunca, 6grenciler tarafindan Edebiyat, Egitim Bilimleri, Hukuk, iktisat,
1§Ietme, Kamu Yonetimi, Mimarlik, Miithendislik, Siyaset Bilimi, Sosyoloji, Tarih,
Tip Bilimleri, Uluslararas: iliskiler ve daha pek ¢ok farkli alanda 104 bildiri
sunuldu.

Farkl: iilkelerden gelerek farkli disiplinlerde egitim goren 6grencilerin 6.
Uluslararast Ogrenci Bilimler Kongresi vasitastyla ortaya koyduklari eserler ile
uluslararasi toplumun ¢ogulcu bir gelecek kurma ihtiyaci ve arayisinda oldugu
bu donemde Tiirkiyenin kiiltiirel diplomasi ve kiiltiirleraras: etkilesim merkezli
vizyonuna 6nemli bir destek saglanmustir.

Uluslararas: ogrencilerin akademik, sosyal ve kiiltiirel donamimlarini
gliclendirmeye biiyiik 6nem veren IBA, 6. Uluslararast Ogrenci Bilimler
Kongresinde sunulan bildirilerin muhteviyatin1 olusturdugu bu eser ile
diinyanin pek cok farkli noktasindan Tiirkiye'ye uzanan egitim ve arastirma
yolculugunun bilimsel, zihinsel ve kiiltiirel bir tirtintinti siz degerli okuyuculara
sunmaktadir. Bu eser Orta Asyadan Afrika’ya, Balkanlardan Ortadogu'ya,
oralardan Tiirkiye’ye uzanan ve genis bir yelpazede sekillenen ilim yolculugunun
uluslararasi bir ¢iktis1 olarak gortilebilir.

Prof. Dr. Giilfettin CELIK
Istanbul Bilimler Akademisi Vakf1
Yonetim Kurulu Bagkani
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EPIDIDYMAL CAMEL SPERMATOZOA QUALITY AS AFFECTED BY GREEN LASER IRRADIATION DURING INCUBATION AT 37°C

EPIDIDYMAL CAMEL SPERMATOZ0A QUALITY AS
AFFECTED BY GREEN LASER IRRADIATION DURING
INCUBATION AT 37°C

Ahmed Seioudy’

Abstract

A total number of forty testes from twenty Sudani camels (Camelus
dromedarius) were used in the present study (>5-10 years old and 500-600
kg body weight). The experimental work was executed to define the ef-
fect of green laser irradiation with short-wavelength 532 nm and contin-
uous wave from a diode laser light with a total output power of 3 mW on
epididymal camel spermatozoa quality at different exposure times of 0
(control, non-irradiated), 2, 4, 6, 8, and 10 min. Following irradiation, the
percentages of motile spermatozoa, viability, acrosomal damage and the
enzymatic activity of AST, ALT and ALP enzymes were assessed of the
epididymal camel spermatozoa during incubation at 37°C for 8 hours.
Epididymal spermatozoa was diluted with lactose-yolk-citrate (LYC)

1 PhD Student, Ege University, Faculty of Agriculture, Department of Animal Science,
ORCID: 0000-0001-6627-0781
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extender. The obtained results showed that the highest (P<0.05) value
of the percentage of motile spermatozoa was recorded with spermato-
zoa exposed to 6 min of laser irradiation and the lowest (P<0.05) value
was recorded with the control group. Otherwise, the highest (’<0.05)
value of the percentages of dead, acrosomal damage of spermatozoa and
the enzymatic activity of AST, ALT and ALP enzymes were recorded
with spermatozoa exposed to 10 min and the lowest (P<0.05) value was
recorded with 2 min. The advancement of incubation time at 37°C de-
creased (P<0.05) the percentage of motile spermatozoa, while increased
(P<0.05) the percentages of dead, acrosomal damage of spermatozoa and
the enzymatic activity of AST, ALT and ALP enzymes during incubation
at 37°C for 8 hours. Consequently, enhancing the artificial insemination
program can be achieved using the laser irradiation which is considered
a cost-effective technique for improving semen quality. The profitable
effects of laser irradiation on epididymal camel spermatozoa quality
raised the motile spermatozoa, livability, acrosomal integrity which con-
sider an indicator to improve mitochondrial function which extends the
survival of spermatozoa.

Keywords: Camels, Epididymal Spermatozoa, Green Laser Irradia-
tion, Incubation, Quality.
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1. Introduction

The camel (Camelus dromedarius) is an important livestock spe-
cies uniquely adapted to hot and arid environments. With increasing
human population pressure and decline of food production in Africa
there is an urgent need to develop previously marginal resources and
optimize their utilization through appropriate livestock production
systems of which camel production is certainly the most suitable one.
However, plentiful and complicated natural restrictions can adversely
affect the reproductive capacity of the one-humped camel (El-Hassa-
nein et al., 2004).

Artificial insemination (Al) is considered as one of the most import-
ant and the fastest way in the modern technology for the application
of genetic improvement through the breeding programmes of farm ani-
mals. The progress in Al, semen preservation and related techniques in
camels has been slow in comparison to other animals due to the diffi-
culty of semen collection, little information in semen characteristics, se-
men dilution and storage of semen. During preservation, several factors
may be responsible of the possible decrease in fertilizing ability of semen
during storage under different conditions (Anand, 1979). Therefore, it
is necessary to evaluate other strategies which aim to improve sperm
mitochondrial function.

The term laser stands for light amplification by stimulated emission
of radiation. During the last two decades of the 20th Century, the effects
of laser on biological tissues have been studied widely. It has been clear-
ly revealed that laser irradiation, has declared biological effects. Irradi-
ation of spermatozoa has been shown to improve sperm motility with a
low intensity helium-neon (He-Ne) laser (Karu, 2012). The first applica-
tion of laser to improve sperm function was shown in 1969 (Goldstein,
1969), which has been applied in various species like human (Lenzi et al.,
1989), mouse (Cohen et al., 1998), sheep (Zan-Bar et al., 2005), dog (Cor-
ralBaqués et al., 2009), and rabbit (Iaffaldano et al., 2010) spermatozoa.
Thus, the current study aimed to define the effect of green laser irradia-
tion with short-wavelength 532 nm, 3 mW with different exposure times
of 0, 2, 4, 6, 8, and 10 min on the epididymal camel spermatozoa quality
during incubation at 37°C for 8 hours.

15
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2. Materials and Methods

The current study was carried out at Embryo Transfer Laboratory,
Artificial Insemination and Embryo Transfer Department, Animal Re-
production Research Institute, Giza, Egypt, in cooperation with the La-
ser Atomic Spectroscopy Laboratory, Department of Laser Applications
in Measurements, Photochemistry and Agriculture, National Institute of
Laser Enhanced Sciences, Cairo University, Giza, Egypt.

2.1. Experimental animals

A total number of twenty clinically healthy Sudani camels (Camelus
dromedarius) with a total number of forty testes aged from >5 to 10 years or
more with live body weights of 500-600 kg were used in the present work
and provided from automated El-Bassatein slaughterhouse, Cairo, Egypt.

2.2. Epididymal spermatozoa collection
Transportation of the samples:

The genitalia (epididymides connected to the testes) were removed
from the carcass and transported in a thermos flask including sterile
physiological saline (0.9%) with 100 pg/ml streptomycin at 25°C accord-
ing to the method described by Goto et al. (1989) through 2-3 hours after
slaughtering.

Sperm recovery:

Forty testes were fully cleaned then the blood was wiped off by
puncturing the superficial blood vessels of the cauda. By using a sterile
scalpel and forceps, the epididymis was sectioned into three respective
parts, caput, corpus, and cauda in three sterile Petri dishes of 100 mm
diameter containing saline solution.

2.3. Semen Extension

Epididymal camel spermatozoa were collected, pooled, and evaluat-
ed for each camel and then diluted with lactose-yolk-citrate dilution (2.9
g sodium citrate dihydrate, 0.04 g citric acid anhydrous, 1.25 g lactose
and 10 ml egg-yolk, per 100 ml distilled water, 500 I.U/ml penicillin and

16
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500 pg streptomycin sulphate were also added to the extender) accord-
ing to Musa et al. (1992).

2.4. Incubation of Semen at 37°C

Semen was divided into 6 groups, a control group (non-irradiated
group) and 5 groups of irradiated semen with green laser irradiation for
(2,4, 6, 8, and 10 min). All groups were stored by incubation at 37°C for
up to 8 hours. Motile, dead and acrosomal damage (%) of spermatozoa
exposed to different exposure times of laser irradiation (0, 2, 4, 6, 8, and
10 min) were recorded following incubation. Moreover, enzymatic activ-
ity (AST, ALT and ALP enzymes) were also determined during incuba-
tion at 37°C for up to 8 hours.

2.5. Semen evaluation

Epididymal Sperm Motility (%):

Motile spermatozoa (%) were detected as an oscillatory movement
of the flagellum due to the highly viscous nature of camel semen accord-
ing to Tibary and Anouassi (1997).

Dead Spermatozoa (%):

The eosin/nigrosin staining procedure was carried out by dissolv-
ing 1.67 gm eosin and 10 gm nigrosin in distilled water up to 100 ml
according to Hackett and Macpherson (1965).

Acrosomal Damage of Spermatozoa (%):

The percentage of acrosomal damage was assessed according to
Watson (1975). Spermatozoa were stained with 2% of trypan blue (T-
0887 Sigma) for assessment of sperm viability then for 40 min with a
10% solution of Giemsa (Merck, Darmstadt, Germany) in distilled water
prepared immediately before use.

2.6. Enzymatic activity of AST, ALT and ALP enzymes (U/10° sper-
matozoa):

Extended semen samples were centrifuged at 600g for 15 minutes.
The supernatant fluid (diluted seminal plasma) was collected then kept

17
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at -20°C until analysis of AST, ALT and ALP enzymes. All enzymatic
activities of AST, ALT and ALP in the seminal plasma were adjusted
according to sperm cell concentration (U/10° spermatozoa) according to
Reitman and Frankle (1957). The activities of AST, ALT and ALP en-
zymes were determined colourimetrically using QCA kit, Amposta,
Spain.

2.7. Laser specifications and irradiation parameters

Green laser (A=532 nm) from a Diode Pumped Solid State (DPSS)
laser [LSR-PS-II] with an output power of 3 mW was used for irradiation
of spermatozoa with different exposure times (0, 2, 4, 6, 8, and 10 min).
Parameters of green laser irradiation were shown in Table (1) as follows:
532 nm wavelength and average power output 3 mW. The irradiance
of 3 mW/cm? was calculated according to Calderhead (1990) using the
following equation:

Power output| mW

frradignce = s -
Application surface! ¢ nr

Table 1. Laser fluency and corresponding exposure times

Fluency Power output Exposure time Wavelength
(J/cm?) (mw) (min) (nm), (Colour)
0.38 3 0,2,4,6,8,and 10 532 (Green)

2.8. Statistical analysis

Two-way ANOVA was used to analyze data statistically, using the
procedure of General Linear Model (GLM) of SAS (SAS, 2000). Duncan’s
Multiple Range Test (Duncan, 1955) was used to detect significant dif-
ferences among means. Percentage values were transformed into arc-sin
values before being statistically analyzed. The statistical model used in
the experimental work was as follows:

Fi.'i“:”-!-LJI-'-I_i-F—' LI'- " I_i +EI._il.
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Where,

Y;, = the observed value of the dependent variable determined from
a sample taken of spermatozoa.

u = the overall mean.

L, = the fixed effect of laser irradiation durations (min), i= 0, 2, 4, 6,
8, and 10.

I]. = the fixed effect of incubation time (hours), j=0, 1, 2, 4, 6, and 8.

L xI, = the interaction between laser irradiation durations (min) and
incubation time (hours).

€y = the residual error.

3. Results and Discussion
3.1. Sperm Motility (%)

Table 2 revealed that the effect of green laser irradiation (532 nm,
3 mW) for 6 min (P<0.05) increased the percentage of motile sperma-
tozoa of the dromedary camel during incubation at 37°C than the con-
trol group. These results were in agreement with Nicolae et al. (2015)
who found that exposure to helium neon (He-Ne) laser irradiation led
to enhanced ram sperm motility, viability, mitochondrial function and
hypo-osmotic swelling response at dose of 6.12 J/cm? comparing to the
dose of 3.96 J/cm? which reduced the quality of seminal attributes than
the control sample. Similarly, laffaldano et al. (2016) found that irradiat-
ed frozen-thawed ram semen by He-Ne laser irradiation with fluencies
ranged from 3.96 to 9 J/cm? resulted in a significant increase in sperm
motility and viability at 6.12 J/cm?. It could be attributed to the interac-
tion between the mitochondria and laser irradiation which in turn en-
hance semen quality (Lone et al., 2018), in which higher levels of cyto-
chrome C oxidase activity (COX) and adenosine-5-triphosphate (ATP)
were observed in irradiated spermatozoa comparing to non-irradiated
spermatozoa and a positive correlation between COX activity and ATP
levels was observed; also COX activity and ATP levels were positively
correlated with sperm motility.

The present study showed the prolongation of incubation time at
37°C for 8 hours decreased (P<0.05) the percentage of sperm motility at

19
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all exposure times of laser irradiation and the control group (Table 2).
These findings may be due to the high metabolic activity of spermato-
zoa which leads to a toxic effect on the sperm by increasing the pro-
duction of lactic acid. A similar trend was observed by Abd El-Salaam
et al. (2012) who found that the percentage of sperm motility of camel
spermatozoa was significantly (I’<0.01) decreased with advancement
of incubation time at 37°C for up to 12 hours. Furthermore, the current
study revealed that the interaction effect between incubation time at
37°C for 8 hours and green laser irradiation on motile spermatozoa was
insignificant.

3.2. Dead Spermatozoa (%)

The dead spermatozoa (%) during incubation at 37°C was higher
(P<0.05) of spermatozoa exposed to 10 min of laser irradiation than oth-
er exposure times and the control group (Table 3). Comparing to the
control group (57.96%), the dead spermatozoa (%) decreased (’<0.05)
with spermatozoa exposed to 2, 4, and 6 min of laser irradiation with an
average value of 47.41, 49.07, and 54.44%, respectively. A similar trend
was reported by laffaldano et al. (2010 & 2016), who found that the via-
ble spermatozoa (%) was higher (I’<0.05) at 24 hours of storage with 6.12
and 9.0 J/cm? than the control in rabbit semen. Similarly, Nicolae et al.
(2015) reported that the percentage of viable spermatozoa in ram semen
was significantly (P<0.05) increased for both of control and irradiated
spermatozoa with a dose of 6.12 J/cm? than those irradiated with a dose
0of 3.96 J/cm?.

The present study showed that the prolongation of incubation time
at 37°C for 8 hours increased (PP<0.05) the dead spermatozoa (%) of the
dromedary camels at all exposure times of laser irradiation and the con-
trol group (Table 3). A similar trend was observed by Abd El-Salaam et
al. (2012) in the camel spermatozoa, in which the advancement of incu-
bation time at 37°C for up to 12 hours increased significantly (P<0.05)
the percentage of dead spermatozoa. The interaction effect between in-
cubation time and green laser irradiation on dead spermatozoa was in-
significant.
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3.3. Acrosomal Damage of Spermatozoa (%)

The percentage of acrosomal damage was significantly (P<0.05) high-
er of spermatozoa exposed to 10 min of laser irradiation than other expo-
sure times and the control group (Table 4). In respect to the control group
(25.76%), acrosomal damage (%) decreased significantly (I’<0.05) with
spermatozoa exposed to 2 and 4 min of laser irradiation with an average
value of 23.22 and 24.07%, respectively. Similar trends were observed by
Yeste et al. (2016) who reported that there was no change in acrosomal
integrity and viability in liquid stored boar semen, while an increase in
sperm motility was observed in which there was a higher reduction in
semen quality parameters in non-exposed spermatozoa than irradiated
spermatozoa after incubation for 90 min at 37°C.

The present study showed that the prolongation of incubation time at
37°C for 8 hours increased (P<0.05) the acrosomal damage (%) at all expo-
sure times of laser irradiation and the control group (Table 4). The current
results agreed with Abd El-Salaam et al. (2012) in the camel spermatozoa,
in which the advancement of incubation time at 37°C for up to 12 hours
increased significantly (P<0.05) the percentage of dead spermatozoa. The
interaction effect between incubation time at 37°C for 8 hours and green
laser irradiation on acrosomal damage of spermatozoa was insignificant.

3.4. Enzymatic Activity of AST, ALT and ALP Enzymes (U/10°
Spermatozoa):

The activity of AST and ALT enzymes as affected by laser irradiation
was significantly (P<0.05) higher of spermatozoa exposed to 10 min of
laser irradiation than the other irradiated spermatozoa and the control
group (Tables 5 & 6), respectively while the activity of ALP enzyme was
significantly (P<0.05) higher of spermatozoa exposed to 8 and 10 min of
laser irradiation than the other irradiated spermatozoa and the control
group (Table 7). The increase in leakage of the intracellular AST, ALT
and ALP enzymes during long exposure times of laser irradiation may
reflect the breakdown of the cellular sperm membrane.

The present study showed that the advancement of incubation time
at 37°C for 8 hours increased (P<0.05) the leakage of AST, ALT and ALP
enzymes into the extracellular medium at all exposure times of laser irra-
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diation and the control group (Tables 5, 6 & 7), respectively. The current
results agreed with Abd El-Salaam et al. (2012) in the camel spermato-
zoa, in which the advancement of incubation time at 37°C for up to 12
hours increased significantly (’<0.05) the amount of AST, ALT and ALP
enzymes released into the extracellular medium of the male dromedary
camel semen. The interaction effect between incubation time at 37°C for
8 hours and green laser irradiation on AST, ALT and ALP enzymes ac-
tivity of spermatozoa was insignificant.

4. Conclusion

In conclusion, laser in the field of semen biology may be regarded as
an easy, time saving, less costly, effective and more sensitive technique
which can be used for enhancing the artificial insemination program of
the dromedary camel due to the beneficial effects of laser on semen qual-
ity which included the increase in sperm motility, livability and acro-
somal integrity which consider an indicator to improve mitochondrial
function which in turn lead to enhanced sperm survival.

It could be recommended for collection and short-term storage of
the epididymal spermatozoa of the dromedary camels at 37°C for arti-
ficial insemination by being exposed to 6 min of green laser irradiation
with short-wavelength (532 nm, 3 mW) to reinforce the fertilizing ability
of she-camel, especially in the desert regions where liquid nitrogen may
not be available for freezing of semen for a long time.
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PRODUCTION AND PURIFICATION OF CHROMATE REDUCTASE FROM BACILLUS PARAMYCOIDES S-9

PRODUCTION AND PURIFICATION OF CHROMATE
REDUCTASE FROM BACILLUS PARAMYCOIDES S-9
FOR BIOTRANSFORMATION OF CHROMIUM (Vi)

Kalsoom Kalsoom?!

Abstract

A chromium (Cr) resistant bacterium designated as strain S-9 was
isolated from industrial sludge. Strain S-9 was identified via 165 rRNA
sequencing and showed 99% similarity with Bacillus paramycoides. Bacil-
lus sp. strain S-9 was found resistant to chromium as indicated by its sig-
nificant growth upto 1400 mg/L of K,Cr,0, at mesophilic temperature.
The enzyme chromate reductase activity was found during the experi-
ment that causes reduction of Cr into non-toxic state. The physicochemi-
cal variables influencing chromate reductase production were identified
by statistical tools, Plackette Burman Design (PBD) and Central Com-
posite Design (CCD). The chromate reductase was purified through size
exclusion column chromatography from strain S-9, exhibited specific

1 PhD Student, Karadeniz Technical University, Faculty of Science, Biology, ORCID: 0000-
0002-2633-6018
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activity of 1416.549 U/mg, 59.5% yield, and 6.6-fold increase in puri-
ty under optimum physicochemical conditions. The maximum activity
chromate reductase was observed at temperature 40°C and pH 7.0. The
K and V__ value of bacterium were 1.36 pM and 909.09 uM respective-
ly, using K Cr,O, as a substrate. The activity of chromate reductase was
strongly inhibited by Hg, SDS, and CTAB. Bacillus sp. strain S-9 reduced
69% of chromium at concentration upto 100 mg/L after 96 hrs. Further-
more, effluent containing 100 mg/L of K Cr,0, was treated with 1-10%
of both crude and purified chromate reductase. The crude and purified
chromate reductase (10% v/v) showed maximum reduction of 75% and
87% after 120 hours, respectively. The results in this study indicates that
this strain could effectively be utilized for remediation of metals pollut-
ed sites.

Keywords: Bioreduction, Chromate Reductase, Industrial Effluent,
Bacillus Paramycoides.
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1. Introduction

Heavy metals are toxic environmental pollutants and are present as
natural constituents of the earth’s surface. Heavy metal ions have den-
sities greater than 5gm/cm® and they are five times denser than water
which is highly lethal at very low concentrations. Metals such as Chro-
mium(Cr), mercury (Hg), cadmium (Cd), thallium (TI), lead (Pb), and
arsenic (As) are major environmental pollutants (Vardhan et al., 2019).
Heavy metals have both significant and detrimental impact on the life
of human, plants, aquatic creature, and microorganisms depend on con-
centration of heavy metals. High HM concentration uptake by the plants
and subsequent accumulation of HM in human tissue followed by the
biomagnification via the food chain, pose a threat to both human health
and the environment (Asati et al., 2016).

Chromium is a firm, steel-gray metal present in the form of chro-
mite ore in the earth’s mantle. It mainly belongs to the transition ele-
ments and is the first member of group VI of periodic table. It occurs in
different oxidation states (from Cr*?to Cr*®) and hexavalent form of the
chromium are the most stable.Naturally in trace amounts they presen-
tin the environmental components like water, air, and soil (Coetzee et
al., 2020). The uptake of hexavalent chromium by eukaryotic and pro-
karyotic become more accessible than trivalent chromium because of its
high solubility and mobility. Chromium is considered an essential mi-
cronutrient in human beings” and animals” diets because it show a ma-
jor role in metabolism of proteins, sugar, and lipids. The oxidation state
of Chromium decides its level of toxicity, e.g., Cr*®is more destructive
than Cr*3and cause adverse health effects on animals and humans like
ulcers, diarrhea, kidney dysfunction, irritation of skin, eye, and carci-
noma of lungs (Qian et al., 2017). The toxicity of chromiumin eukary-
otes and prokaryotes is linked to its fast diffusion of chromium through
the bacterial membrane and produce free radicals through reduction of
chromium. These free radicals cause alteration of DNA and other lethal
effects (Jobby et al., 2018). Heavy metals have been eliminated using a
variety of conventional physicochemical methods from contaminated
sites but, these approaches are incompetent as a result of high energy
and power supplies, produce unwanted by-products, and unsuccessful
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to eradicate all-metal pollution (Singh & Prasad, 2015). Whereas biolog-
ical treatments of chromium using native and non-hazardous bacteria
is considered a fast, cost-effective, economical, chemical-free, and ener-
gy-efficient technique. Among microbes, bacteria are most effective in
transforming toxic hexavalent chromium into non-toxic form of chro-
mium.more economical, inexpensive, and ecofriendly due to their cost
(Trellu et al., 2016). As Microorganisms can live in heavy metal con-
taminated soil due to their ubiquitous existence and can convert heavy
metals into non-toxic forms (Verma & Kuila, 2019). The use of enzymes
extracted from the microbial cell is more valuable than using the whole
microbe. Microbial biotransformation produces lethal side products that
are harmful to the environment while enzymatic biotransformation is
safe to the environment because no lethal products are formed (Jobby et
al., 2018). Previous studies reported only batch Chromate reduction but
chromate reduction through enzymes are still unclear. Furthermore less
valuable information are available on purified chromate reductase char-
acterization and its applications for treatment of chromium contamina-
tion. To develop an effective enzymatic reduction process for chromium
contamination, it is important to not only focus on new bacterial strains
but also on enzymatic machinery, parameters optimization for obtain-
ing high yield of enzyme. To address these shortcomings, we design this
study to not only optimize fermentation conditions that are influencing
bioreduction and enzyme prodcution but also to provide an effective
bioremediation strategy that can be employed for cleanin of heavy met-
als polluted environments. In our study chromium resistant strain S-9
was isolated from chromium contaminated industrial sludge and stud-
ied for maximum chromium resistance. This strain S-9 was then further
utilized for bioreduction experiments with whole bacterial cell and for
chromate reductase production.

2. Material and Methods
2.1 Materials

1,5 diphenylcarbazide (DPC) Potassium di chromate (K,.Cr,0,),
NADH, phosphoric acid were obtained from Sigma Aldrich.
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2.2 Sample Collection and Strains Isolation

Sludge sample was collected from industrial zone in sterile bottle
which are highly polluted and contain considerable amount of heavy
metals like chromium, lead, mercury, etc for isolation of metal resistant
bacteria, sludge was ten-fold diluted ranging from 10" to 10°. 100ul of
the sample was shifted to nutrient agar plates amended with 200 mg/L
of potassium dichromate (K,Cr,0,) and incubated at 37°C for 24 hrs. A
bacteria designated as S-9 was selected in total35 bacterial strains on the
basis of maximum resistance to (K,Cr,O,). The selected strain S-9 was
store at 4°C for further analysis.

2.3 Screening for Chromium (Cr) Resistance

Bacterial strain S-9 was analyzed for maximum chromium resistance
through both broth and plate assay. Strain S9was inoculated separately
to both nutrient agar and broth amended with chromium concentration
ranging from 50mg/L to 1500mg/Land incubated at 35°C for 24 hrs.

2.4 Characterization of Isolate
Macroscopic, Microscopic and Biochemical Examination

Colony morphology of bacterial strain S-9 was determined on nu-
trient agar plate and various feature were observed such as shape, size,
opacity, and texture etc. Bacterial strain S-9 was stained gram stained
and examined microscopically (Olympus Optical, CX21FS, Japan) for
cell microscopic morphology. For biochemical characteristics various
tests were performed i.e. catalase, oxidase, MacConkey agar, triple iron
sugar, urease, simmon citrate and indole test.

Molecular Analysis

For molecular identification of Strain S-9, DNA extraction kit was
used as per manufacturer’s instructions (Eco-Pure-Genomi, Product
Code # E1075). Concentration and purity of genomic DNA was deter-
mined using Nano Drop (Thermo Scientific, 2000). The 165 rRNA region
of genomic DNA was amplified using universal primers Forward (AT-
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TCTAGAGTTTGATCATGGCTCA) and reverse complement primers
(TACACACCGCCCGTCACACGGTACCAT). The PCR mixture con-
tained 1pL of each primer of 10 mM, 10 pL of Go-Taq buffer, (3 pL of
MgCl, (25 Mm), 1 uL of dANTPs (10mM), 0.5 ul of Taq polymerase, 1 uL
of DNA template and 32.5 puL of deionized water making total volume
of reaction 50 pL. The PCR conditions were; denaturation temperature
and time 95°C for 3 min followed annealing temperature 55°C for 1 min,
extension temperature for 36 cycles 72°C for 1hr and 40sec and one cycle
of final elongation at 72°C for7 min. PCR product amplification was con-
firmed by using a 1% agarose gel containing ethidium bromide, and ana-
lyzed using a Bio-Rad Gel Doc imaging system. The 165 rRNA sequence
of our strain was checked for similarity using the ezbiocloud program
(https:/ /www.ezbiocloud.net/) and all sequences showing similarity >
95% were downloaded. All downloaded and selected sequences were
aligned by using BioEdit.exe 7.2 Software, then the Neighbor-Joining
phylogenetic tree was assembled based upon MEGA-X software (Kumar
et al., 2018).

2.5 Batch Bioreduction of Toxic Chromium (VI) By Whole Cell

Batch bioreduction experiment was performed under optimized
condition at pH 7.0 and temperature 35°C. Bioreduction was performed
by varying Cr(VI) concentration (0-400 mg/L) and contact time (24
hrs-120 hrs), the abiotic control flask containing Cr(VI) without inocu-
lums was also maintained. The Cr(VI) reduction was analyzed by 1,5
diphenylcarbazide method (Fulladosa et al., 2006), after 24, 48, and 72
hours 1mL of sample from bacterial cultures were taken. The superna-
tant was collected after centrifugation at 14000rpm, 4°C for 5 min. Cr(VI)
in the media was estimated using the supernatant. Reaction mixture
containing, 10mL distilled water in test tubes, 400pLsupernatant, ImL
DPC (0.25g DPC in 100mL acetone), and one drop of phosphoric acid
in test tubes. Incubate for 10 min to develop color and then absorbance
was determined spectrophotometry at 540nm using spectrophotometer
(Agilent Technologies, G6860A, Malaysia). Reduction activity was deter-
mined using the K Cr,0,as a standard curve.
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2.6 Chromate Reductase Quantitative Assay

The chromate reductase was assayed through quantitative assay
with minor modifications (Thatoi et al., 2014). A reaction mixture con-
taining 0.2mL (0.2mM), potassium dichromate (K,Cr,O,) substrate, 0.2
mL of 0.2M-buffer, pH (7.2), NADH solution 0.2mL of 0.2mM, 0.4mL
solution of cell free supernatant, a total volume of ImL was incubated
for 30 min at 30°C. After incubation of 30 min. Reaction mixture was kept
in water bath for 30 min at 37°C. The reaction was stopped by adding0.5
mL of TCA (20%). Finally, 2mL of 0.5%(W/V) of DPC in acetone were
supplemented. For blank, instead of enzyme solution, distilled water is
added. The absorbance of hexavalent chromium was determined at the
wavelength of 540nm. The amount of enzyme that will release 1 pmol/
mL of chromate per min is stated as enzyme unit. For the determination
of protein content in the crude sample, Lowry’s (1951) method was used,
bovine serum albumins (10-100ng) was used as standard. Chromate re-
ductase specific activity is calculated as U/mg. Chromate specific activi-
ty was measured by the following formula:

Specific Activity = Unit per mL of enzyme activity/ mg per mL of total
protein.

2.7 Standardization of Chromate Reductase Assay Conditions

The enzyme production media contain different components g/L,
KHZPQL 3; NazHPOAL 6; CaClz/ 0.1; MgSO,.H,0O, 0.1; NaCl, 0.5; sucrose,
10.05; Luria broth (LB), 20 and Cr(IV),100mg/L. 24 hrs fresh bacterial
culture S-9 was inoculated and incubate for 48 hrs at 37°C. After incu-
bation, cell free supernatant was use for enzyme assay. Optimization of
temperature and pH were determined by performing enzyme assay at
different temperatures 20°C to 50°C and pH (3.0 to 9.0). the incubation
time was determined by incubated reaction mixture for 10 min to 60 min,
Enzyme solution (100 pL 500 pL) and substrate (100 uL to 500 pL) con-
centration was optimized at already optimum condition.

2.8 Optimization of Physical Parameters for Chromate Reductase
Production

The growth condition of bacterial strain S9 for maximum produc-
tion of chromate reductase was optimized via the method of submerged
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fermentation. Optimum temperature and pH of chromate reductase of
strain S-9 was achieved by incubating enzyme reaction solution at differ-
ent temperature values ranging from 20°C-45°C and pH values ranging
from 5-9 for 1 hour. Similarly, the effect of incubation time and inocu-
lums size on production chromate reductase was calculated by growing
bacterial strain S-9 at different intervals of time (24 to 96 hours) and at
different sizes of inoculum (0.1-3%) respectively. The specific activity
was calculated by performing chromate assay and protein quantification
at 24 hrs intervals upto the maximum of 96 hrs.

2.9 Optimization of Media Constituents for Chromate Reductase
Production

The Plackett-Burman Design (PBD)

The PBD was used to figure out the most important parameters in-
fluencing enzyme production. Different constituents of the production
medium were optimized by using Placket-Burman. Mostly, Design Ex-
pert 7 software (Stat-Ease Inc.) was used to plan experiments. Bacteri-
al inoculum was prepared from 24 hrs fresh culture and incubated in
production media. The composition of production media for maximum
enzyme,11 factors were analyzed (Na,HPO, yeast extract, MgSO, .7H,O,
KH,PO,, CaCl,, NaCl, sucrose, K,Cr,O,, Na,HPO,, K,.HPO,, and (NH,)-
,50,)]. For mathematical modeling, first order polynomial model was
used described below.

Y=p8,+2 B.X

In this equation Y is representing specific activity of enzyme in term
of predicted response where [, , f; and X, represent the intercept of the
model, the level of self-regulating variable and linear coefficient respec-
tively. At two different stages, the effect of these different factors was
observed; -1 for the low concentration and +1 for the maximum concen-
tration. Design Expert 7 software was used to run 15 sets with various
concentrations of compounds. All the 15 sets of selected strains were run
at 37°C through submerged fermentation at 150rpm.Crude and specific
chromate reductase activity were calculated after 72hours by performing
enzyme assay and protein quantification. By analyzing the responses,
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important factors were observed. Factors having a p-value of <0.05 for
the production of chromate reductase were regarded as important and
further optimized by another design named central composite design.

Central Composite Design (CCD)

The important factors provided by Placket-Burman were further op-
timized by CCD, having both positive as well as the negative effect on
the production of the Chromate Reductase from strain S-9. The optimum
reading of factors, their significant effect, and their interaction with one
another to positively affect the production was determined for enzyme
production. Four varying factors (KH,PO,, K,Cr,O,, Sucrose, and MgSO,
.7H,0O) obtained from using PBD were further checked for their effect and
analyzed in runs at two different levels. Specific activity of the enzyme
was evaluated using second order polynomial equation and multiple re-
gressions were used for fitting data. Effects of the significant indepen-
dent factors i.e. Linear, quadratic and mutual interactions over depen-
dent variable enzyme specific activity (U/mg) were evaluated. The given
quadratic polynomial equation is representing mathematical connection
between in need of variable and the significant independent variable;

Y=p,+3 BX+Y 5,0+ g.X X
i 1 w2

In this equation Y; X, i) vl B [y, are representing the specific ac-
tivity; significant independent variables, linear regression coefficients,
quadratic regression coefficients, interactive regression coefficients and
a constant term respectively. The model suitability was assessed using
ANOVA.

2.10 Bulk Production of Chromate Reductase Under Optimized
Culture Conditions

500ml of production media Ph (7.0) and 1% of fresh inoculum size
of Bacillus paramycoides strain S-9 was inoculated and incubate for 72 hrs
in a shaker incubator at 150rpm and temperature 37°C The composition
of enzyme production media is [g/L; KH,PO,1; Na,HPO, 4; NaH,PO, 3;
CaClZ 0.1;, NadCl, 0.6;; MgSO,.7H,O, 5; Sucrose,15;, KZCr2O7/ 0.002;, K,H-
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PO, 3; Yeast extrac,t 8and (NH,),SO, 2.5)]. The supernatant was collected
after centrifugation and protein quantification and enzyme assay was
performed.

2.11 Purification of chromium reductase
Ammonium Sulfate Precipitation

All steps of purification were analyzed at 4°C. Cell free supernatant was
obtained by centrifugation of production media. Ammonium sulfate was
added slowly by continuous stirring at 4°C to the supernatant to get 80%
saturated solution using EnCor Biotechnology Inc calculator. The saturated
solution was kept for 12 hrs at 4°C. The precipitated solution was centrifuged
at 10,000Xg for 10 min and resulted pellet was dissolved in potassium
phosphate buffer having pH 7.2. Ammonium sulfate was removed followed
by dialysis. The partially purified enzyme was stored at -20°C.

Purification by Gel Filtration Chromatography

Gel permeation chromatography was used for the separation of
proteins (Determann, 2012). The column was filled with Sephadex
G-100 gel up to a length of 21cm in phosphate buffer pH (7.2). For de-
gassing, sonicate buffer and gel solution for fifteen minutes. The column
was then filled with gel with great care taken to avoid the formation of
bubbles, up to a length of 27cm, of which 21cm was made of gel while
the rest was phosphate buffer. The flow rate of the column was main-
tained to collect 3ml in 15 min. Approximately 4ml of the crude enzyme
was loaded into the Sephadex column. For a smooth and continuous
flow rate of the sample in the column, potassium phosphate buffer was
added. Total 30 fractions were collected and analyze for total protein
at 280nm. The enzyme assay was performed for all fractions. Fractions
with high chromate reductase activity were collected and kept at 4°C for
further analysis.

Molecular Weight Determination

Purified chromium reductase molecular size was determined
by (SDS-PAGE). 10% gel was used in SDS-PAGE to run the sample.
Coomassie brilliant blue R-250dye was used to stain gel.

40



PRODUCTION AND PURIFICATION OF CHROMATE REDUCTASE FROM BACILLUS PARAMYCOIDES S-9

2.12 Characterization of purified chromium reductase
Effect of Temperature and Ph on Chromium Reductase Activity and Stability

The effect of temperature on purified chromate reductase enzyme
was measured from 30°C to 60°C for 30 minutes. The thermal stability of
enzyme from bacterial strains was calculated by incubating it at varying
temperatures from 30°C to 60°C in the absence of (potassium dichromate)
substrate for 120 minutes. The effect of pH on purified enzyme activity and
stability was measured at different pH values (pH 3.0 -pH 9.0) by using
different buffers i.e. 100mM acetate buffer (pH 3.0- 5.0), phosphate buffer
for (pH 6.0 - 8.0), and Glycine NaOH buffer (pH 9.0 - 11.0). The activity
was analyzed in terms of relative activity using standard enzyme assay.

Metal Ions Effect on the Activity of Enzyme

The effect of metals on purified chromium reductase was deter-
mined metals ions were used at concentration of 2mM and 10Mm. Met-
als ions were used in the form of the following salts ;( barium sulfate, cal-
cium chloride, copper sulfate, magnesium sulfate, calcium sulfate, zinc
sulfate, copper chloride, potassium chloride, sodium chloride, mercury
sulfate, ferrous sulfate, nickel chloride, potassium sulfate, cobalt chlo-
ride, urea, nickel sulfate, and sodium sulfate). The effect of metals was
determined in terms of relative activity.

Surfactants Effect on The Activity of the Enzyme

The purified chromate reductase enzyme was examined in the pres-
ence of different surfactants to determine its relative activity. Surfactants
with concentration 0.5% and 1% were used. These surfactants include
Tween 80, Tween 20, SDS, CTAB, Triton X-100, and Polyethylene Glycol
(PEG). Determine the effect of surfactants in terms of relative activity.

Organic Solvents Effect on The Activity of the Enzyme

The effect of organic solvent on purified chromate reductase activity
was carried out by calculating activity in the presence of different organ-
ic solvents. Organic solvents with a concentration of 15% were used. The
organic solvents include methanol, acetonitrile, acetone, propanol, buta-
nol, ethanol, formaldehyde, glycerol, and ethyl acetate. After that, deter-
mine the effect of different organic solvents in terms of relative activity.
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Determination of Kinetic Parameters

Chromate reductase from chromium resistant bacteria strain S-9 was
determined at 40°C, pH 7.2 in a reaction mixture with various concentra-
tions of chromate (0.ImM to ITmM). The V__ and K  of kinetic constant
were determined by plotting the results on the Lineweaver-Burk soft-
ware program.

2.13 Bioreduction of Toxic Form of Chromium by Purified Chro-
mate Reductase

Effluent was prepared by adding 500 mg/L of potassium dichro-
mate to sterile distilled water and then treated with varying concentra-
tion of crude and purified enzymes in term of percentage (1-10 v/v).
The samples were incubated at 35°C for 72 hours and concentration of
remaining chromium was analyzed using Di-Phenyl Carbazide method
after every 24 h.

2.14 Statistical analyses

All experiments were carried out in triplicates, statistical analysis
were determined by mean of Plackett Burman and Central Composite
Design. Both software used for optimization of nutritional factors and
acceptability of models were determined by ANOVA.

3. Results
Screening of Chromium and Bacterial Isolates in Sludge Sample
3.1 Isolation of Chromium Resistant Bacteria

Sludge samples were collected industrial waste and metal was re-
corded by mean atomic absorption spectroscopy (AA-7000, Shimadzu,
Japan). The total chromium concentration was found 2648.644 mg/Kg.
Initially total 38 bacterial strains were isolated by selective enrichment
and bacterial strain designated S-9 was selected for further analysis
based on maximum resistant to K Cr,0, at 35°C.
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3.2 Screening for Chromium Resistance

All 38 bacterial strains were screened for Cr resistance using agar
plate and broth, bacterial strain S-9 was found resistant to high concen-
tration of chromium (1500 mg/L) on agar plate, while exhibited maxi-
mum chromium resistance upto 1400 mg/L in broth (Fig3.1).

3.3 Characterization of Bacterial Strain
Macroscopic, Microscopic and Biochemical Examination

Colony morphology of strain S-9 on nutrient agar showed medium
size, flat white color colony with rough edges at 35°C.Microscopy was
performed and bacterial strain S-9 was found gram positive rod shaped.
Biochemical examination of bacterial strain S-9 showed negative result
for MacConkey, Urease, Indole, TSI and Simmon citrate test, and posi-
tive result for Catalase and Oxidase test.

Molecular Identification

16S rRNA sequencing was analyzed by comparing the nucleotide
sequences present in NCBI databases using search blast analysis. The
1165 rRNA gene sequence analysis of strain S-9 showed close homology
to Bacillus paramycoides. The S-9 was identified as Bacillus paramycoides
obtained the nucleotide sequence from NCBI database (Figure 3.2).

3.4 Batch Bioreduction of Toxic Chromium (VI)

Cr (VI) bioreduction by bacterial strain S-9 was determined at vary-
ing initial concentrations ranging from 50 to 400 mg/1 using K,Cr,O7
as a source of chromium. The bacterial strain S-9 was showed potential
to successfully reduce chromium rapidly. In figure 3 showed (Fig 3.3).
Rapid bioreduction of chromium with concentration of 50 mg/L after
48 hrs of incubation with chromate reduction rate Img/L in hour. With
increase in initial concentration chromium 100, 200, 300 and 400 mg/L
complete bioreduction was achieved after 72, 96 and 120 hours respec-
tively. The experiment results clearly showing the potential ability of
bacterial strain 5-9 in bioreduction.

43



6. ULUSLARARASI OGRENCI BILIMLER KONGRESI BILDIRILER KiTABI - 2

3.5 Qualitative Assay and Its Standardization for Chromate Re-
ductase

Bacterial strains S-9 was screened for chromium reductase activity.
Strain S-9 was grown on defined medium (g/L: KH,PO, 3.0; CaCl, 0.1;
Na,HPO, 6; NaCl, 0.5; Sucrose, 10.5; MgSO, .7H,0O, 0.1; and K,Cr,0O,
0.01) for screening of chromate reductase. Strain S-9 showed 190.43 U/
mg chromate reductase activity at 540 nm after 72 hrs at 35°C. Chromate
reductase assay was determined using the optimized assay condition
carried out. The reaction mixture for S9 chromium reductase contained
enzyme concentration 400 pL, substrate concentration 200 pL at 35°C
and pH 7.0 and incubation time period of 50 min.

3.6 Physical Parameters for Chromate Reductase Production

The effect of various physical factor for maximum chromium reduc-
tase was optimized and activity was determined in the term of specific
activity U/ mg. Maximum specific activity (224.5 U/mg) was achieved at
35°C, pH 7.0 after 72 hrs of incubation with inoculum size 2%.

3.7 Optimization of Nutritional Factorschromate Reductase Pro-
duction by Plackett-Burman and Central Composite Design

Plackett-Burman Design

The factors optimized through Plackett-Burman designshowed sig-
nificant effect on production and yield of chromium reductase. Total 11
factors were used in 15 different experimental run. The significant factors
on production of chromium reductase was achieved by placket burman.
Maximum specific activity (305.386 U/mg) was achieved in run number
08 and minimum activity observed was (60.162 U/mg) in run number
3 (Table3.1). Furthermore, Pareto chart obtained from Placket-Burman
explain the effect of each individual factor toward chromate reductase
production (Fig 3.4). Total of 11 factor only 05 factors were found to have
significant effect on chromate reductase production including B: KH,PO,,
G; K.Cr,0,, F; Sucrose, C; MgSO,.7H,O and K; Yeast extract and the ap-

parent by the values of “Prob > F” of each factor showed in table 3.2. The
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chromium activity was highly augmented by KH,PO, as indicated by
largest coefficient followed by K,Cr,O,, Sucrose and MgSO,.7H,O. KH-
,PO,and K,Cr,O, had negative influence while Sucrose and MgSO,.7H,0
had significant augment on enzyme production. The chromate reduc-
tase yield was enhanced by decreasing KH,PO, and K Cr,0, concentra-
tion and increasing Sucrose and MgSO,.7H,O in production media.

The model equation for chromium reductase specific activity U/mg
can be written as:

Specific activity: (R)= (+196.15) + (-7.32 A) + (-39.30B) + (30.20C) +
(5.32D) + (-13.48E) + (31.49F) + (-34.30G) + (7.26H) + (-5.29]) + (-22.06K)

The Model was found to be significant by implies F-value of 12.11.
In the model, 3.20% chance that a “F-Value” this large could occured
because of noise. The significant factore in the model were observed by
the “Prob > F” value lower than 0.0500. while in some circumstance B, C,
F, G, K value in the model were observed. Values in the model showed
higher than 0.1000 are not signidicant terms in model. If the insignificant
terms in model are many (not including those mandatory to maintenance
hierarchy), model reduction may improve your model. The “Curvature
F-value” of 48.70 suggests in the model significant curvature (as calcu-
lated by alteration between the normal of the center points and factorial
points of the average) in the design space. In the model, 0.60% chance
that a “F-Value of Curvature “ this large could occured because of noise.

Central Composite Design (CCD)

For further optimization, two-level CCD was used on the signifi-
cant factors achieved from Placket-Burman Design that have a positive
effect on chromate reductase production. For strain S-9, the CCD was
performed on four factors obtained from Placket-Burman design and the
effect of these factors study in 30 runs at two levels in 30 runs (Table 3.3).
The suitability of the model was assessed using ANOVA showed in table
3.4. For strain S-9, among the quadratic terms and linear, only interac-
tive term AB and AC were significant model terms, whereas A represent
KH,PO, and B represent K,Cr,O, while, C represent sucrose. Response
surface plot (AB) shows that increase in K,Cr,0, and decrease in KH,PO

4
enhanced enzyme activity (Fig 3.5). Same in response plot (AC) shows
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the highest Chromate reductase activity was recorded by decreasing
both the KH,PO, and sucrose (Fig 3.6). Second polynomial equation was
obtained after multiple regression analysis data. Final Equation in Terms
of Coded Factors:

Specific activity = +512.56-25.86A-22.90B-39.80C +6.36D-57.57AB
+41.05AC +11.34AD-7.66BC-3.85 BD-27.91CD-6.47A°-104.05B"-61.15C"-
29.41D°

The Model was found to be significant by implies F-value of 6.84.
In the model, 0.01% chance that a “F-Value” this large could occured
because of noise. The significant factore in the model were observed by
the “Prob > F” value lower than 0.0500. while in some circumstance C,
AB, AC, B’, C* value in the model were observed. Values in the model
showed higher than 0.1000 are not signidicant terms in model. If the in-
significant terms in model are many (not including those mandatory to
maintenance hierarchy), model reduction may improve your model.

3.8 Bulk Production of Chromate Reductase Under Optimized
Culture Conditions

After optimization of all physicochemical conditions 1000 mL of
bulk production medium (pH 7.0) was inoculated with bacterial strain
S-9 and incubated at 35°C in shaking incubator 150 rpm for 72 h. After
incubation culture was was harvested by centrifuged at 10,000 rpm/ 10
minutes at 4°C and cell free supernatant was collected and observed for
chromium reductase activity and then processed for purification.

3.9 Chromate Reductase Purification from Bacterial Strain S-9

The collected cell free supernatant was treated with ammonium
sulphate on stirrer and crude chromate reductase was precipitated with
60% of ammonium sulphate. The chromate reductase was purified by
gel filtration column chromatography using (sephadex G-100). The frac-
tions that contained highest activity were pooled and the molecular size
of chromium reductase was observed approximately, 70 kDa (Fig 3.7).
During various purification step specific activity, purification fold and
yield were calculated showed in table 3.5.
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3.10 Characterization of Purified Chromate Reductase

Effect of Temperature and Ph on The Activity and Stability

The purified chromium reductase showed maximum activity at40°C
(Fig 3.8). The enzyme retained 100% stability between 30°C to 40°C for
120 min while, retained more than 60% stability at 45°C for 120 min (Fig
3.9). The purified chromium reductase showed highest activity at pH 7.0
(3.10). The enzyme retained 100% stability at pH 7.0 for 120 min for 120
min. while, retained more than 80% stability between pH 5.0 to 8.0 for
120 min (Fig 3.11).

Effect of Metal Ions and Surfactants on The Activity of Enzyme

The effect of different metals on purified chromium reductase from
strain S-9 was analyzed at a concentration of 2 mM and 10 mM. Metals
that have shown a positive effect on activity of chromate reductase at a
concentration of 10 mM are CaSO,, BaSO,, FeSO,, ZnSO,, NaCl, K,SO,,
KCL, and MgSO,and increase 20% of the activity. A strong inhibitory ef-
fect was observed for HgCl, at both concentrations 2 mM and 10 mM and
retained approximately 20% of the activity (Table 3.6). Different surfac-
tants at 0.50% and 1.0% concentration were used to analyze their effect
on the activity of the purified enzyme of S-9 strain. SDS and CTAB com-
pletely inhibited enzyme activity of strains S-9 at both concentrations
(0.50 and 1.0%), while in the occurrence of Tween 20, enzyme of strain
S-9 retained100% activity at both concentration 0.50% and1.0%. Compar-
atively, Triton X 100, Tween 80, and PEG, potentially enhanced chromate
reductase activity at both concentrations (0.5% and 1.0%) and retained
more than 120% activity (Table 3.7).

Effect of Organic Solvent and Determination of Kinetic Parameters

Different organic solvent (15%) ultimate concentration was used to
determine the effect on the activity of the purified enzyme for 120 mins.
Acetonitrile, formaldehyde, ethanol and butanol reduced enzyme ac-
tivity with increase time. Glycerol, methanol, propanol, and acetone in-
crease enzyme activity with increase time and retained more than 120%
for 120 min. (Table 3.9).

The Michaelis Menten constant (K ) and rate of reaction (V__ ) val-
ues of purified chromium reductase for strain S5-9 were calculated by
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Lineweaver and Burk’s) plot. Strain S9 chromate reductase were incu-
bated with varying concentrations 1 uM to 10 uM of substrate (potassi-
um dichromate). The K_and V__ of purified enzyme were found to be
1.3636 uM and 909.09 uM (Fig 12).

3.11 Application of Chromate Reductase in Bioreduction of Toxic
Chromium (VI)

Deionized water containing 100mg/L of chromium was treated with
1%, 5%, and 10% of both crude enzyme and purified enzyme. Crude en-
zyme of S-9 showed 20%, 45%, and 75% chromate reduction at 120 hours
with 1%, 5%, and 10% (v/v) enzyme. Purified chromate reductase of S-9
showed 42%, 64%, and 87% chromate reduction at 120 hours with 1%,
5%, and 10% (v/v) enzyme (Fig 3.13).

4. Discussion

Widespread industrialization and their activities have harmful ef-
fect on environment because it leads high concentration of led and chro-
mium in the environment, which effect terrestrial and marine life by ac-
cumulation of chromium in soil, water and atmosphere and produce
serious damages. The chromium enhancement in the environment and
ultimately damage human health through the food chain. In this study
sludge samples were collected from metal contaminated industrial zone.
Elemental analysis of sludge samples were performed and high concen-
tration of different metals were observed, chromium was found in very
high concentration 2648.644 mg/L, which is above US-EPA standard
values. Total chromium load in industrial effluents were found varying
from 0.005 to 1423.05 mg/L (Hossan et al., 2020). The order of abundance
of the metals in rivers and sea coastal side were as; Ni > Mn > Zn > Fe >
Cu > Cd > Pb>Hg > As. (Yousaf et al.,, 2021). This previous information
adds an advantage to our sampling site for isolation of bacterial strains
from one of biggest industrial area. In our study total of 38 bacterial
strains were isolated through selective enrichment on nutrient agar
plates containing 100 mg/L of K,Cr,O, and bacterial strain designated as
S-9 selected based upon on highest resistant to chromium.Based on 165
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rRNA sequencing analysis, bacterial strain S-9 showed 99% of the simi-
larity to Bacillus Paramycoides (MAOI01000012).Bacterial strain S-9 was
screened for Cr resistance on both nutrient broth and agar, was found
resistant to high concentration of chromium 1400 mg/L and 15 mg/L on
nutrient agar plate. In similar study bacterial strain found higher resis-
tant of 1000 pg/ml on gar plate and 450 pg/ml in nutrient broth which is
much lower concentration in comparison to our results. Significant dif-
ference in tolerance of strain on nutrient agar and broth occur due to the
formation of complex between nutrient agar and K,Cr,O,which will not
expose bacteria to maximum concentrations of metal while as in broth
media bacteria are directly exposed to the metal (Sanjay 2021). Rapid
bioreduction of bacterial strain S-9 was observed with chromium con-
centration of upto 50 mg/L with 48 hours of incubation with chromate
reduction rate 1 mg/L in hour. With increase in initial concentration
chromium 100, 200, 300 and 400 mg/L complete bioreduction was
achieved after 72, 96 and 120 hours respectively. Our result showed high
significant bioreduction of chromium with short incubation in compari-
son to the study in which Chromium (VI) with initial concentration
150ug/ml was reduced upto 80% after 120 hours by Pseudomonas sp.
MAI4 (Wani et al., 2019). Strain S-9 significantly reduced toxic Cr (VI),
thus confirming its potential as a Bio-reductor for industrial waste treat-
ment. The intracellular mechanisms by which toxic Cr(VI) is convert to
the nontoxic Cr(III) is of rehabilitated interests; however, the exact path-
ways of reduction still remain unclear. For bulk production and use of
chromate reductase enzyme in bioreduction of chromium we optimized
different condition and Strain S-9 showed highest activity at tempera-
ture 35°C, PH 7.0, incubation time 72 hours and inoculum size 1%. Nu-
tritional parameters were improved through PB and CCD. The factors
optimized through Plackett-Burman showed significant effect on pro-
duction and yield of chromium reductase. Maximum specific activity
305.386 U/mg was achieved and lowest activity observed was 60.162 U/
mg. For further enhancing yield of chromate reductase, two-level CCD
was used on the significant factors achieved from Placket-Burman De-
sign that have a positive effect on chromate reductase production and
increase production yield up to 545.993 U/mg. Mala et al., 2015in ob-
tained an preliminary chromate reductase activity of 212.84 U/mg pro-
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tein at 48 h in a low-cost defined medium amended with 0.25 mM chro-
mate and increase upto 312.99 U/mg at 48 h by addition of inducer (Mala,
2015), which showed that we have significantly increase the enzyme yield
by using Plackett-Burman and CCD then previously used optimization
methods. Very few studies are available on use statistical design for opti-
mization of chromate reductase productionand bioreduction of Cr(VI).
Plackett-Burman design, an efficient technique for medium component
optimization (Pulimi et al., 2012; Mabrouk et al., 2013; Mabrouk et al.,
2014). The enhanced production of chromate reductase and determined
certain physicochemical characteristics from bacterial strain S-9 isolated
from industrial sludge, which has been found to be highly suitable for
bioreduction of chromium. The S-9 chromate reductase was purified 6.6
fold, with an overall yield of 59% to homogeneity from the crude extract
by ammonium sulfate fractionation and gel filtration column chromatog-
raphy. The fractions with maximum activity were pooled and the molec-
ular size of enzyme was found to be 25 kDa. chromate reductase enzyme
obtained from novel Ochrobactrum sp. strain Cr-B4 partially purified and
characterized and molecular mass was found to be 31.53 kDa, with a spe-
cific activity 14.26 U=mg (Hora and Shetty, 2015). We further characterize
Chromate reductase and the optimum temperature for strain S9 reduc-
tase turned out to be 40°C where maximum activity was 80 U/ml and the
optimum pH was observed 7.2. The maximum enzyme stability of strain
S-9 was achieved at 40°C and retained 100% of the stability for 120 min.
More than 90% of the stability was achieved at temperature 30°C and
35°C for 120 minutes. Moreover, Strain S5-9 chromate reductase were sta-
ble at pH 7.0 and retained more than 90% of activity for 120 minutes, 80%
of the stability was retained at pH 6.0. Exposure to pH 10.0, chromate re-
ductase of S-9 retained 5% and 8% stability for 120 minutes. The effect of
different metals on strain S-9 was analyzed at a concentration of 2 mM
and 10 mM. Metals that have shown a positive effect on activity of chro-
mate reductase at a concentration of 10 mM are CaSO,, BaSO,, FeSO,,
ZnSO,, NaCl, K,5O,, KCL, and MgSO,. A strong inhibitory effect was ob-
served for HgCl, at both concentrations. The enzyme was activated by
metal ions in the order of Cu2+> Mg2+> Mn2+> K+> Ni2+, while Cd2+,
Zn2+and Cu2+inhibitedchromate reductase activity in Rhodopseudomonas
palustris KUOO3(Merugu et al., 2013). Enzyme activity obtained in our
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study arisen due to the need for the enzyme to utilize the metal ionsas
cofactors and/ or by increasing the bioavailability of the enzyme (Garbisu
et al., 1997). Different surfactants at 0.50% and 1.0% concentration were
used to analyze their effect on the activity of the purified enzyme of S5-9
strain. SDS and CTAB completely inhibited enzyme activity of strains S-9
at both concentrations (0.50 and 1.0%), while in the occurrence of Tween
20, enzyme of strain S-9 retained100% activity at both concentrations
0.50% and1.0%. Comparatively, Triton X 100, Tween 80, and PEG, poten-
tially enhanced chromate reductase activity at both concentrations (0.5%
and 1.0%). Different organic solvent (15%) ultimate concentration was
used to determine the effect on the activity of the purified enzyme for 120
mins. Acetonitrile and butanol reduced enzyme activity with increase
time. Chromate reductase retained 100% activity in the presence of glyc-
erol, methanol, formaldehyde, and acetone for 120 mins. Our results are
significant since most waste waters contain in addition to Cr, several oth-
er metal ions, surfactants and organic solvents due to industrial con-
sumption. An increase in chromate reductase activity in presence of met-
al ions is beneficial for effective bioremediation of polluted wastewaters.
The K and V__ of Strain S-9 was 1.3636 uM and 909.09 uM/ respectively.
The enzyme exhibited favourable Vmax and Km values indicating a high
feasibility of the reaction system with K2Cr207as its substrate (Mala 2015;
Hora and Shetty, 2015). Similarly, The Km values for NADPH and NADH
were determined to be 47.5 and 17.2 pmol, and the Vmax values 322.2 and
130.7 pmol Cr(VI) min-Img-1 protein, respectively (Bae et al., 2005). The
enzyme followed Michaelis-Menten kinetics with Km of 4.64 uM and a
Vmax of 104.29 uM/min/mg (Hora and Shetty, 2015). Effluent contain-
ing 100mg/L of chromium was treated with 1%, 5%, and 10% of both
crude enzyme and purified enzyme. Crude enzyme of S9 showed 20%,
45%, and 75% chromate reduction at 120 hours with 1%, 5%, and 10%
(v/v) enzyme. Purified chromate reductase of S-9 showed 42%, 64%, and
87% chromate reduction at 120 hours with 1%, 5%, and 10% (v/v) en-
zyme. Similar result of chromate reduction was obtained using the crude
enzyme by treatment in tannery effluent. Hence, an efficient enzyme-me-
diated chromate reduction process has been developed for bioremedia-
tion of Cr which can further be investigated for pilot-scale operations
(Mala et al., 2015).
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5. Conclusion

The survival of microorganisms in extremely harsh condition in
presence of increasing concentration of chromium makes it a suitable
candidate for establishment of bioremediation strategies. Strain S-9
showed significant reduction of chromium in tested sample. Further-
more, the enhanced bulk production of enzyme chromate reductase
with maximum specific activity has been achieved in a very low cost
defined medium formulation using K2Cr207as the chromate source, the
use of crude and purified enzyme can also serve as potential candidate
for bioremediation of Cr from industrial wastewaters.
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Table 3.2 ANOVA of strain S-9 for Placket-Burman Design.

Source i::;?ef Df Mean square F value pr:';:/l:?:ieF
Model 65474.78 10 6547.48 12.11 0.0320
A-NaHPO, 642.69 1 642.69 1.19 0.3553
B-KH,PO, 18533.99 1 18533.99 34.28 0.0099
C-MgS0,.7H,0 10946.10 1 10946.10 20.25 0.0205
D-CaCl, 339.99 1 339.99 0.63 0.4857
E-NaCl 2180.55 1 2180.55 4.03 0.1382
F-sucrose 11902.13 1 11902.13 22.01 0.0183
G-K,Cr,0, 14121.19 1 14121.19 26.12 0.0145
H-NaH,PO, 632.16 1 632.16 1.17 0.3587
K,HPO, 335.51 1 335.51 0.62 0.4884
Yeast Extract 5840.46 1 5840.46 10.80 0.0462
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Table 3.3 CCD for S-9 significant factors with specific enzyme activ-
ity (U/mg) as a response.

Factor 1 Factor Factor 3 Factor 4 MgS0O4. Response Specific
S.No KH,PO,% 2K2Cr207% sucrose 7H207H20 Activity
1 0.10 0.01 2.00 0.53 545.993
2 0.20 0.01 2.00 0.53 543.614
3 0.20 0.02 1.00 0.06 355.134
4 0.20 0.01 1.50 0.41 484.383
5 0.20 0.01 2.00 0.53 232.155
6 0.20 0.01 2.50 0.53 545.156
7 0.20 0.01 2.00 0.53 530.135
8 0.20 0.01 2.00 0.53 350.879
9 0.30 0.01 2.00 1.00 379.947
10 0.40 0.01 1.50 0.53 483.266
11 0.10 0.02 2.50 1.00 173.723
12 0.20 0.03 2.00 0.53 130.879
13 0.20 0.01 2.00 0.53 401.259
14 0.20 0.01 2.00 1.47 483.983
15 0.20 0.00 2.00 0.53 117.755
16 0.30 0.01 1.50 0.06 334.172
17 0.10 0.01 2.50 1.00 203.872
18 0.20 0.01 2.00 0.53 542.752
19 0.10 0.02 2.50 0.06 337.551
20 0.10 0.01 1.50 0.06 411.373
21 0.30 0.02 2.50 0.06 216.033
22 0.30 0.02 1.50 1.00 205.913
23 0.10 0.02 1.50 1.00 533.00
24 0.30 0.01 2.50 0.06 317.88
25 0.30 0.01 2.50 1.00 406.358
26 0.10 0.01 1.50 1.00 352.019
27 0.30 0.02 2.50 1.00 113.006
28 0.20 0.01 2.00 0.53 528.449
29 0.30 0.02 1.50 0.06 156.981
30 0.10 0.01 2.50 0.06 259.353
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Table 3.4 ANNOVA for central composite design.

p-value
Source Sum of square Df Mean square F value

probe> F

Model 5.523E+005 14 39452.65 8.64 0.0001
A-KH,PO, 16051.11 1 16051.11 3.52 0.0804
B- K,Cr,0, 12581.36 1 12581.36 2.76 0.1177
C- sucrose 38024.40 1 38024.40 8.33 0.0113
D-MgSO,.7H,0 696.53 1 696.53 0.15 0.7016
AB 53025.59 1 53025.59 11.61 0.0039

AC 26958.97 1 26958.97 5.90 0.0281

AD 2058.29 1 2058.29 0.45 0.5122

BC 938.56 1 938.56 0.21 0.6568

BD 237.10 1 237.10 0.052 0.8228

CcD 12463.30 1 12463.30 2.73 0.1193

Table 3.5 Purification steps of chromate reductase from strain S-9.

Protein purifi- Activity | Protein mg/ . o Purification
cation steps U/ml ml SA U/mg Yield (%) fold
Crude extract 432.9 2.02 214.0 100 1
Precipitation 797.3 1.54 516.7 92.0 2.4
Sephadax-G100 1171.5 0.82 1416 59.5 6.6
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Table 3.6 Effect of metals on the activity of chromate reductase from
Strain S-9.

Metals 10 mM Relative Activity 2 mM Relative Activity
Control 100 100
Baso, 120.5 117.8082
CaCl, 124.65 127.39
CusSO, 135.61 132.87
MgSO, 116.43 113.69
Caso, 100 98.63
Znso, 123.28 127.39
CuCI2 127.39 120.54
KCl 86.30 100
NaCl 102.73 106.84
HgSO, 13.69 15.06
FeSO, 83.56 86.30
NiSO, 124.65 110.95
K,SO, 134.24 127.39
CoCl, 30.13 39.72
Urea 113.69 100
Na,SO, 135. 120.54
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Table 3.7 Effect of Surfactant on the activity of chromate reductase
from S-9 strain.

Residual Activity (%) Residual Activity (%)
Surfactants

0.5% 1.0%

Control 100 100
Tween 80 118.18 129.54
Tween 20 140.90 145.45
SDS 18.18 20.45
CTAB 25 22.27
Triton X-100 88.63 81.81
PEG 102.27 111.36

Table 3.8 Effect of organic solvents on the activity of chromate re-
ductase from S-9 strain.

Minutes
Organic Solvents
30 min 60 min 90 min 120 min
Control 100 100 100 100

Ethanol 91.89 92.64 79.80 73.56
Methanol 124.56 128.80 129.42 127.80

Acetonitrile 65.33 62.71 59.60 53.86
Acetone 134.53 135.78 132.7 136.90
Ethyl Acetate 106.60 109.47 103.99 102.24
Propanol 117.83 125.93 127.18 127.68

Butanol 79.80 74.81 72.31 61.09

Formaldehyde 96.88 87.53 87.53 77.68
Glycerol 114.96 115.08 123.06 136.28
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CIMLENMESI VE BUYUMESI UZERINDEKI
ALLELOPATIK ETKISI

Muhammad Alsakran’

Ozet

Yabanc otlar, tarimsal {irtinlerin miktar ve kalitesinde biiytik ka-
yiplara neden olmaktadir. Kanyas (Sorghum halepense (L.) Pers), ciftcilere
biiytik ekonomik kayiplara sebep olup miicadelesi zor olan en tehlikeli
yabanci otlardan biridir. Allelopati, yabanci ot miicadelesinde gtivenli
ve siklikla etkili bir biyolojik miicadele yontemidir. Lahanagiller, alle-
lokimyasal maddelerin icerdigi nedeniyle yabanci otlara karsi olumsuz
etkiye sahip oldugu birkag calismada tespit edilmistir. Ayn1 zamanda ac1
ot (Dittrichia graveolens L. Greuter) allelopatik potansiyel oldugunu be-
lirlenmistir. Bu calismada hem beyaz lahana hem de ac1 otun allelopatik
bitki olarak kullanilmasiyla kanyas biyogostergesi tizerine etkilerinin in-
celemesi amaglandi. Allelopatik bitkiler ayr1 ayr1 ve her ikisinin karigimi

1 Doktora Ogrencisi, Kahramanmaras Siitcii Imam Universitesi, Ziraat Fakiiltesi, Bitki
Koruma, ORCID: 0000-0001-6672-7016
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olarak kullanilmistir. Kullanilan konsantrasyonlar 2, 5 ve %7 ek olarak
kontrol uygulamalar (%0) belirlenmistir. Bu deneme, saksilar kullani-
larak sera kosullarinda gerceklestirilmis ve bir ay stirmiistiir. kanyasin
¢imlenme orani, ¢cimlenme indeksi, bitki boyu, yas ve kuru agirlig1 he-
saplanmistir. Bu denemenin sonuglari, kullanilan allelopatik bitkilerin,
kanyasin ¢cimlenmesi ve biiyiimesi tizerine farkli etkilere sahip oldugunu
gostermistir. Beyaz lahana, kanyas tizerine ac1 ottan daha fazla etkiye sa-
hipken, beyaz lahana ve ac1 ot kaisiminin her ikisinden ayr1 ayr1 de daha
etkili oldugu tespit edilmistir. Kanyas miicadelesinde en iyi sonuglar,
yiiksek konsantrasyonlardaki bitki 6zlerinden elde edilmistir. Ac1 ot %2
konsantrasyonda oldugu gibi, diisiik konsantrasyonlar ya zayif ya da
uyarici olarak tespit edilmistir. Beyaz lahana ve ac1 ot, 6zellikle artan
konsantrasyon durumunda, kanyas miicadelesinde yeterli allelopatik
etkilere sahip olabilir.

Anahtar Kelimeler: Biyolojik Miicadele, Allelopatik, Kanyas, Beyaz
Lahana, Ac1 Ot.
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1. Giris

Diinya niifusunda biiytik artisla birlikte gida ihtiyac1 da artmakta-
dir. Ancak tarimsal {irtinlerin tiretimindeki artis bircok biyolojik faktor
tarafindan engellenmekte ve bu faktorlerin basinda yabanci otlar gel-
mektedir (Ustuner, AL Sakran ve Almhemed, 2020).

Yabancr otlar, kiiltiir bitkilerinde bocek, fungus, bakteri ve virtisler-
den daha cok zararli olduklar: bildirilmistir (Gharde, Singh, Dubey ve
Gupta, 2018). Yabanci otlar, 6zellikle rizom, stolon ve yumru koke sahip;
kanyas (S. halepense) ve Cyperus rotundus gibi miicadelesi oldukca zor
dolayisiyla bu tiirler icin birden fazla miicadele yontemi uygulanmasi
gerekmektedir (Uludag, Gozcu, Rusen, Guvercin ve Demir, 2007; Barros
ve ark., 2016)

Kanyas (Sorghum halepense (L.) Pers.) monokotil poaceae famil-
yasma ait, cok yillik bir yabanci ottur (Grace, Smith, Grace, Collins ve
Stohlgren, 2001). Kanyas, 50 farkl kiilttir bitkisinde zarar yapar. Diinya
genelinde milyonlarca hektar {izerinde istila etmis durumdadir. Kan-
yas, Tiirkiye’de yerli bitki olarak sayilir ve ¢evre kosullarmin bu tiirtin
yayillmasinda 6nemli bir etken oldugu bildirilmistir (Peerzada ve ark.,
2017). Kanyas, tohum ve rizomlardan yetisebilir (Ceseski, AL-Khatib ve
Dahlberg, 2017). Ancak tohum ¢imlenme oran: duisiik olup %3,3’e kadar
ulasabilir. Dormansiye neden olan tohum kabugunu kaldirmadaki et-
kinligine gore bu orani biyotik ve abiyotik cevre kosullarinin etkisiyle ar-
tabilir (AL Sakran, Almhemed, Dal ve Ustuner, 2020). Kanyas, ekonomik
acidan 6nem tasiyan tarim {irtinlerinde %57-88 oraninda verim kaybina
neden olur (Peerzada ve ark., 2017). Soya fasulyesi, misir, pamuk, do-
mates, patlican ve biber gibi ekonomik acidan 6nemli bitkilerde 6nemli
verim kayiplarina neden olmaktadir (Uremis, Uludag ve Sangun, 2009).
Kanyasin yiiksek yogunlukta rekabeti, pamuk %70, misir %88-100, seker
kamist %69 ve soya fasulyesinde %59-88 oraninda verim kaybina neden
oldugu belirlenmistir (Barroso ve ark., 2016). McWhorter (1993) tarafin-
dan yapilan bir calismaya gore, kanyasin, ABD’de yilda milyonlarca do-
larlik tarimsal gelir kaybina neden oldugu bildirmistir.

Turkiye'nin bir¢ok ilinde kanyas bulunmasi, orta veya gok yiiksek
yogunluklar ile sapatanmustir. Kahramanmaras ili pamuk ekim alanla-
rinda yogunlugu 2.65 bitki/ m? olarak belirlenmistir (Tursun, Tursun ve

il



6. ULUSLARARASI OGRENCI BILIMLER KONGRESI BILDIRILER KiTABI - 2

Kagan, 2004). Diyarbakir ili ise 4.06 bitki/ m? yogunluk ve rastlanma sikli-
g1 %58 olarak belirlenmistir (Ozaslan ve Kendal, 2014). Marmara bolgesi
kanyas yogunlugunun; 13.40 ve 30.12 m* arasinda, rastlanma sikliginin
ise %34.20 vel00 arasinda degistigi belirlenmistir (Yazlik, 2014). Isparta ili
domates ekim alanlarinda tespit edilen 6nemli yabanci ot tiirlerden kan-
yas olup rastlama siklig1 %25.32, kaplama alan1 %1.256 ve Yogunluk 1.865
bitki/m? olarak belirlenmistir (Arslan, 2011). Manisa ili domates fidelikle-
rinde kanyas en yogun bulunan yabanci otlar tiirlerden oldugu belirlen-
mistir (Tepe ve Nemli, 1992).

Yabanci ot zararini azaltmak icin bugitinlerde kullanilan birincil yon-
tem herbisitlerdir. Ancak bu herbisitler insan sagligini, cevreye tehdit etti-
gi ve cogu defe etkili olmadig gibi nedenlerile yabanci otlar miicadelede
guvenli ve etkili bir alternatif yontem bulunmasi ¢ok 6nemli hale gelmek-
tedir. Bu yontemlerden biyolojik miicadele en 6nemli olup etkili ve giive-
nilir olmasi nedeniyle diinyada dikkat cekmistir (Ustuner ve ark., 2020).

Yabanci ot alaninda allelopati en gok kullanilan biyolojik miicadele
yontemi olarak tanimlanmustir. Allelopati, bir bitki tarafindan olusturulan
ve salgilanan bazi kimyasal maddelerin, bagka bir bitkiyi olumlu ya da
olumsuz yonde etkilemesidir (Giincan, 2013).

Birkag arastirmaci, allelopatik bitkilerden elde edilen sulu ekstraktla-
rin biyoherbisitler olarak kullanilabilecegini belirtmistir (Khan ve Khan,
2012; Khan, Marwat, Hassan, Khan ve Ullah, 2012; Miri ve Armin, 2013).

Brassica cinsi allelopatik potansiyele sahip oldugu icin yabanci otlar
miicadelesinde kullanilabilir. Brassica spp.’nin yabanci otlara toksik etkisi-
ne sahip oldugu ve herbisite alternatif olabilecegi bulunmustur (Jafarieh-
yazdi ve Javidfar, 2011; Jabran, 2017).

Kural ve Ozkan (2020), beyaz lahananin allelopatik etkisini yabanct
otlar Amaranthus retroflexus L., Chenopodium album L. ve Solanum nigrum
L., kultuir bitkiler Zea mays L., Beta vulgaris L., tizeri petri kaplarinda ince-
lemistir. A. retroflexus, C. album, S. nigrum, Z. mays ve B. vulgaris tohum-
larina uygulanan %50 konsantrasyonda beyaz lahana, su ekstraktinda
sirastyla%95,%93,%34,%86 ve %94 oraninda ¢imlenmeyi nlemistir. Beyaz
lahana ekstraktlarmin %3'tintin hem Cuscuta approximata Bab. hem de Me-
dicago sativa L. cimlenmesine etkili oldugu goriilmiistiir (Ozkan, 2014).

Beyaz lahanada baz1 glucosinolates (GSL ), sinigrin (7.8 mikromol/g)
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ve glukobrassisin (0.9 mikromol/g) belirlenmistir (Kushad ve ark., 1999).
Brassicaceae’den bir bitki, tiirleri ve biiytime kosullarma baglh olarak yak-
lasik 20 farkli GSL sentezleyebilir (Bangarwa, Norsworthy, Mattice ve
Gbur, 2011; Shah ve ark., 2016). Analiz edilen beyaz lahana cesitlerinin
kimyasal olarak farkli toplam 12 GLS tespit edilmistir (Wermter, Rohn ve
Hanschen, 2020).

Beyaz lahana, 100 g yas agirlik basina ortalama 148 mg'lik bir orta-
lama toplam degerle en yiiksek GSL seviyesini icerdigi gortilmektedir
(Possenti, Baima, Raffo, Durazzo, Giusti ve Natella, 2016). GSL'ler, toksik
olmamasina ragmen mirosinazlar (tiyoglukosidazlar) tarafindan katalize
edilen hidroliz biyolojik olarak aktif {irtinlerin olusumuna yol agmaktadir
(Rask, Andreasson, Ekbom, Eriksson, Pontoppidan ve Meijer 2000). GSL,
Brassicaceae bitkilerinin kofullarinda bulunur, enzimler ise bitkinin bagska
boliim ya da baska hiicre iginde bulunabilir. Bu enzimler, glikoz-siilfiir
bagmin boliinmesinden sorumludur ve biyosidal isothiocyanate (ITC)
tiretimine yol acar (Jafariehyazdi ve Javidfar, 2011; Jabran, 2017). Beyaz
lahanadan salinan en belirgin GLS hidroliz iirtinleri arasinda ITC'ler 3-
(metilsulfinil) propil ITC, 4- (metilstilfinil) butil ITC ve 3-butenil ITC izo-
merleri tespit edilmistir (Wermter ve ark., 2020).

Dittrichia, Asteraceae familyasina ait bir cinstir. Yaklasik 100 tiir ice-
rir ve Akdeniz bolgesinde genis bir yayilis gostermektedir (Seca, Grigore,
Pinto ve Silva, 2014). Ac1 ot (D. graveolens) (Es anlamlisi: Inula graveolens
(L.) Desf), kotti bir kokusu olan yillik aromatik bir bitkidir. Hazirandan
Agustos ayma kadar ¢icek acar. Yol kenarlarinda ve kirsal alanlarda ye-
tisen nitrofilik bir ttirdiir. Farkli cografi bolgelerden aci ot ile ilgili bircok
¢alisma rapor edilmis ve énemli farmakolojik etkileri ortaya konmustur.
Turkiye, Irak, Urdiin ve Tunus “tan alinan ac1 ot etanolik ve metanolik eks-
traktlari, allelopatik, antifungal, antioksidan, antiproliferatif, sitotoksik ve
antibakteriyel aktiviteler gostermistir (Topgu ve ark., 1993; Abu-Dahab ve
Afifi, 2007; Al-Fartosy, 2011; Omezzine, Ladhari, Rinez ve Haouala, 2011).

Birkag calisma, ac1 otunun potansiyel biyolojik herbisit olarak etki
yapan birkag allelokimyasal maddeler icerdigini gostermistir (Omezzine
ve ark., 2011; Anzlovar, 2020). Ac1 otun sulu ekstreleri, bugday (Triticum
aestivum L.) ve adi kanarya otu (Ambrosia artemisiifolia L.) tohumlarinin
¢imlenme oranini nemli dl¢tide azaltmustir (Grasi¢, Anzlovar ve Krajsek
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2016). Ac1 otun etanolik ekstrakti, P. oleracea fidelerinin kok uzunlugunun
gelisimini %99 oraninda azaltmistir (Abu Irmaileh, Al-Aboudi, Abu Zar-
ga, Awwadi ve Haddad 2015). Ac1 ot, 2,3,11f3,13-tetrahidroaromatikin
ve ilisik asit gibi biyolojik olarak aktif allelokimyasallar icerir. Biyolojik
olarak yonlendirilmis bitki 6zlerinin fraksiyonlanmas, 2,3,11,13-tetra-
hidroaromatikin ve ilisik asidin izolasyonu ile sonuglanmistir. Her iki
bilesik de secici fitotoksik aktivite gostermistir. Arpa, yulaf, dari, kanar-
ya otu ve mercimeklerin kok uzunlugu 6nemli 6l¢tide azalirken, brokoli
kokiti, tere ve turp benzer sekilde ilisik asit tarafindan azaltilmistir (Abu
Irmaileh ve ark., 2015).

Bu arastirmanin amaci beyaz lahana, ac1 ot ve karistminin farkl kon-
santrasyonlarda kanyasin biyogostergesi tizerine allelopatik etkisini de-
gerlendirmektir.

2. Materyal ve Yontem
2.1. Materyal

Deneme Kahramanmaras Siitcii Imam Universitesi Ziraat Fakiil-
tesin’e ait serada 2020 yilinda gerceklestirilmistir. Denemede plastik
sakst kullanilarak tarladan toprak elde edildikten sonra saksilara 1: 1:
1 oraninda toprak, kum ve torfindan olusan toprak eklenmistir. Saksi-
lar % 10 konsantrasyonda formaldehyde ile sterilmistir (sekil 1). Kan-
yas tohumun dormansiyi kirmak icin mekanik yontemi ile kabuklar
kaldirilmistir (AL Sakran ve ark., 2020).

= _ = ,1I

Sekil 1. Denemede kullanilan saksilarin hazirlanmasi.
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Rizomlar 1cm uzunlugunda ve 1 goz igirdigi kisimlara kesilmis-
tir. Kanyas tohum ve rizomleri NaOCl %1’de 30 dk birakilip sonra
kurutulmus 20 tane tohum veya 10 rizom ekim zamaninda saksilara
ekilmistir. Alleopatik bitkilar beyaz lahana Yellow sarmalik cesidi talra-
lardan ve ac1 ot KSU arazisinden (Sekil 2) toplanarak 25°c golgede kuru-
tulmus ve daha sora 6giittilmiistiir. Konsantrasyonlar1 %2, 5 ve 7 olarak
denemede uygulamadan bir giin 6nce suda birakilip 24 saat sonra filtre
kagidi ile siiziilmiistiir. Onceden ogiitiildiigii allelopatik bitkilerin nu-
munelerden %2 konsantrasyon hazirlanmak i¢in 20 g tartirilip 1L suya

eklenmistir. Kontrol uygulamalara sadece su eklenmistir.

Sekil 2. Denemede kullanilan allelopatik bitkiler.

2.2. Yontem

Deneme deseni boltiinmiis boliinmiis parseller tesadiifi planina gore
dort tekerrtir ile kanyasin tohumu ve rizomu ana parseller, 6n bitki tiir-
leri, beyaz lahana, ac1 ot ve karisim alt parseller ve konsantrasyonlar (0,
2,5 ve 7 gr\100ml) altin alt1 parseller olmustur.

Deneme desene gore saksirar, ¢ozeltilerin konsantarsyonladan 300
ml ve kontrol uygulamalara ise 300 ml su ile sulanmistir. Daha sonra
denemeye gerektigi kadar su eklenmistir. Sera kosullar1 maksimum si-
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caklik ortalamasi 33°C, minimum sicaklik ortalamasi 18°C ve nispi nem
ortalamasi %70 olarak bulunmustur.

Bundan sonra deneme haftalik 3 giin kontrol edilip ¢cimlenen tohum
ve rizom sayis1 kaydedilmistir.

Cimlenme oran1 hesaplamak i¢in formiil (1) kullanilmustir.
CO = (¢cimlenen tohum sayis1 / toplam tohum sayis1) x 100 (1)

Cimlenme inhibasyon orani, kontrol uygulamalarda ¢imlenme ora-
nina gore ytizde olarak formiil (2) ile hesaplanmustir.

Cimlenme inhibasyon orani=1-(uygulamada ¢imlenen tohum veya
rizom sayasi/ kontrolde ¢cimlenen tohum veya rizom sayas1)*100  (2)

Cimlenme indeksi, giinde ¢cimlenen tohum veya rizom sayisini gos-
termek i¢in formdiil (3) kullanilmistir.

Cimlenme Indeksi=Si/Gi +...+Ss/Gs 3)

Si, Di"de ¢cimlenen tohum sayisi (ilk saymmin gtinleri) ve Ss, Gs’'de
¢imlenen tohumlarin sayisi (son sayimin giinleri).

Deneme 30 giin stirtilmiis sonra kanyasin boyunu 6l¢miistiir. Kan-
yas toprak ytizeyin seviesinden kesilip yas agirhig: tartirilmistir. Kuru
agirligs hesaplamak icin kesilen kanyas oda kosullarinda 25+2°C’de 3
hafta birakilmistr.

Denemede biittin veriler, SPSS programi kullanilarak 0.05 olasilik
diizeyinde Duncan testi ile analiz edilmistir.

3. Bulgular

Yabanci otlarla miicadelede ¢cimlenme inhibasyon orani, kullanilan
aktif maddelerin degerlendirilmesinde en 6nemli gostergelerden biridir.
Bu calismada ¢cimlenme inhibasyon orani, kontrol uygulamalarimda ¢im-
lenme oranina gore ytizdesi olarak hesaplanmustir. Sekil 1'de goruldugi
gibi, kanyas tohum ¢imlenmesinin en yiiksek inhibasyon oran1 beyaz la-
hana + ac1 ot karisiminda gozlemlenmistir (Sekil 3). Ayn1 zamanda alle-
lopatik bitkilerin konsantrasyon artisi ile cimlenme inhibasyon oraninin
arttig1 tespit edilmistir.
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Sekil 3. Allelopatik bitkilerin etkisiyle kanyas tohumlar1 cimlenme inhibasyon

orani.

Ayni harf(ler)in takip ettigi degerler 0.05 olasilik diizeyinde birbirin-
den 6nemli fark yoktur.

En yiiksek ¢cimlenme inhibasyon orani %81,59, 58.70 ve 50.59 ile be-
yaz lahana + ac1 ot %7 ve %5 konsantrasyonu ve beyaz lahana %7 kon-
santrasyon uygulamalarinda sirasi ile hesaplandi. Ayrica ac1 otun %2 ve
5 konsantrasyonda en diistik etkiye sahip oldugu bulunmustur (Sekil 3).

Bu denemenin sonuglari, allelopatik bitkilerin farkli konsantrasyon
ile kanyas rizomlarin ¢imlenmesinde inhibasyon oranini bazen etkile-
mis bazen ise etkili olmamustir. Beyaz lahana %2, %5 ve ac1 ot %5, %7
konsantrasyonlar1 kanyas rizomlarin ¢imlenmesinde inhibasyon orani-
na istatistiksel olarak fazla etkilememesine ragmen, beyaz lahana ve ac1
ot karisimi igin %5 ve %7 konsantrasyonlarda ayrica beyaz lahana %7
konsantrasyonda kanyas rizomlarin ¢imlenmesini inhibasyon oraninda
istatistiksel olarak onemli etkileri oldugu gozlemlenmistir (Sekil 4).

Ayni harf(ler)in takip ettigi degerler 0.05 olasilik diizeyinde birbirin-
den 6nemli fark yoktur.

En ytiksek ¢cimlenme inhibasyon orani %63,33 ile karisimin %7 kon-
santrasyonda uygulanilmasinda goriiliirken, en diisiik ¢cimlenme inhi-
basyon oran1 %3.33 ile beyaz lahanada %2 konsantrasyonda gtzlemlen-
mistir (Sekil 4).
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Sekil 4. Allelopatik bitkilerin etkisiyle kanyas rizomlar1 ¢cimlenme inhibasyon
orant.

Ac1 otun %2 konsantrasyon uygulamasinda, kontrol uygulamalari-
na gore kanyas rizomlarinin ¢cimlenme oraninda bir artis gozlemlenmis-
tir. Bu nedenle bu uygulamanin sonucu negatif bir deger gostermekte,
yani ac1 otun %2 konsantrasyonda kanyas rizomlarmin ¢cimlenmesinde
uyarici bir etkiye sahip oldugu belirlenmistir.

Bu denemede kullanilan allelopatik bitkiler, kanyas tohumlarimin
¢imlenme indeksinde farkl etkilere sahip oldugu bulunmustur. Beyaz
lahananin ¢cimlenme indeksinin farkli konsantrasyonlarda ac1 otuna gore
daha fazla etkili oldugu goriilmiistiir. Sonugta, kanyas tohumlarinin
¢imlenme indeksinin kontroliinde en yiiksek oldugunu ve ardindan ac1
otun %2 konsantrasyonda oldugunu gostermistir (Cizelge 1).

Cizelge 1. Allelopatik bitki ekstraktlarinin kanyas tohumlarinin ¢imlenme indek-
si tizerine etkisi (¢imlenen tohum/ giin).

Allelopaty bitkiler Konsantrasyonlar

Kontrol (%0) %2 %5 %7
Beyaz lahana 3.57+0.63" 1.71£0.33¢ 1.07+0.42« 0.87+0.19%
Aci ot 2.66+0.71¢ 1.87+0.38f 1.35+0.36%
Beyaz lahana + aci ot 1.50+0.61¢f 0.65+0.31% 0.35+0.27°
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Ayni harf(ler)in takip ettigi degerler 0.05 olasilik diizeyinde birbirinden
onemli farkli degildir.

Ayni zamanda en diisiik ¢cimlenme indeks orami %7 ve 5 konsant-
rasyon ile beyaz lahana + ac1 ot uygulamalarinda 0.35 ve 0.65 ¢imlenen
tohum/gtin sirayla gozlemlenmistir. Cizelge (1), allelopatik bitkilerin
farkli konsantrasyon ile kanyas tohumunun ¢imlenme endeksine etkisi-
ni gostermektedir (Cizelge 1).

Kanyas rizomlariin ¢imlenme indeks orani, tohumlar1 gibi allelo-
patik bitkilerin konsantrasyonlarindan etkilenmemistir. Kontrol uygu-
lamalarindan sonra en yiiksek kanyas rizomlarin ¢cimlenme ideks orani
ac1 ot uygulamalarinda bulunup allelopatik bitkiler icin konsantrasyon
artist ile cimlenme ideks orani artisi tespit edilmistir (Cizelge 2).

Cizelge 2. Allelopatik bitki ekstraktlarinin kanyas rizomlariin ¢imlenme indeksi

iizerine etkisi.

Allelopaty bitkiler Konsantrasyonlar

Kontrol (%0) | %2 %5 %7
Beyaz lahana 2.59+0.73f 1.61+0.51 1.27+0.48%*¢ 1.15+0.33%
Aci ot 2.21+0.61¢ 1.75+0.67¢ 1.2240.41%¢
Beyaz lahana + aci ot 1.49+0.33b« 1.01+0.29° 0.88+0.25°

Ayni harf(ler)in takip ettigi degerler 0.05 olasilik diizeyinde birbirin-
den 6nemli fark yoktur.

Beyaz lahana + ac1 ot %7 konsantrasyonu uygulanmasinda kanyas
rizomlarin ¢gimlenme ideks orani 0.88 ¢imlenen rizomlar saysi/ giin ile en
diistik bulunmustur. Cizelge (2), kanyas rizomlarmin ¢cimlenme indeksi-
ne allelopatik bitkilerin konsantrasyonlar1 arasindaki énemli farkliliklar:
gostermektedir.

Farkli konsantrasyonlara sahip olan allelopatik bitkiler, kontrol uy-
gulamalara kiyasla tohumdan ¢imlenen kanyasin bitki boyunda énemli
farkliliklara sebep olmustur. Tohumdan ¢imlenen kanyasin bitki boyu
kontrol uygulamalarinda 18,34 cm iken, ac1 ot %2 ve %5 konsantrasyon-
lar uygulamalarinda 14.39 ve 12.14 cm olarak goritilmiisttir. Bu bitki bo-
yunun, beyaz lahana ve ac1 ot karisimi %7 konsantrasyon uygulamasin-
da 3.47 cm’a kadar diuisttigt gozlemlenmistir (sekil 5).
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Sekil 5. Farkli konsantrasyonlarda allelopatik bitkilerin tohumdan ¢imlenen kan-
yasin bitki boyuna etkisi.

Ayni harf(ler)in takip ettigi degerler 0.05 olasilik diizeyinde birbirin-
den 6nemli fark yoktur.

Tohumdan ¢imlenen kanyasin bitki boyuna en etkili olan karisim,
sirasl ile beyaz lahana ve aci1 ot olarak tespit edilmistir.

Rizomdan ¢imlenen kanyas bitki boyu ise 31.25 ile 5.26 cm arasinda
degismistir. Rizomdan ¢imlenen kanyasin bitki boyu, karisimin etkisiy-
le %7 konsantrasyonda kontrol uygulamalarma (26,81 cm) kiyasla 5.26
cm’ye dismiistiir. Bununla birlikte, kanyasin bitki boyuda, %2 konsant-
rasyonda karisim uygulamalari ile kontrol uygulamalar: arasinda 6nem-
li fark gortilmemistir (Sekil 6).
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Sekil 6. Farkli konsantrasyonlarda allelopatik bitkilerin rizomdan ¢imlenen kan-
yasin bitki boyuna etkisi.
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Ayni harf(ler)in takip ettigi degerler 0.05 olasilik diizeyinde birbirin-
den 6nemli fark yoktur.

Beyazlahana %7 konsantrasyon uygulamasinda kanyasin bitki boyu
8,61 cm olarak hesaplanmustir. Rizomlarin ¢imlenmesini inhibasyonda
oldugu gibi, %2 ac1 ot konsantrasyonu kanyas biiyiimesini uyarmustir.
Boylece bu uygulamada kanyasmn bitki boyu 31.25 cm’ye yiikseldi ve
kontrol uygulamalarin astig1 gortilmisttir.

Tohumdan ¢imlenen kanyas yas ve kuru biyokiitle uygulamalari-
na gore farkli bulunmustur. Kanyasin yas ve kuru agirligi 6nemli fark
acisindan 7 grupta yer almistir. En diisiik yas ve kuru agirlhigi karisim
uygulamalarda %7 ve %5 konsantrasyonlarda ve beyaz lahana %7 kon-
santrasyonu uygulamasinda goézlemlenmistir. Bu uygulamalarda yas
agirlig: 0.015 ve 0.073 g arasinda olup kontrol uygulamalarda 0.42 g tes-
pit edilmistir (Cizelge 3).

Cizelge 3. Farkli uygulamalarin etkisinin altinda tohumdan ¢imlenen kanyasin
yas ve kuru agirlig:.

Allelopatik bitkiler Yas agirhig Kuru agirhg
Konsantrasyonlar
%0 %2 %5 %7 %0 %2 %5 %7
Beyaz lahana 0.42¢ | 0.234° | 0.145¢ | 0.073" | 0.091¢ | 0.049¢ | 0.030¢ | 0.014°
Aci ot 0.312F | 0.227¢ | 0.113¢ 0.067 | 0.048¢ | 0.023¢
Beyaz lahana + aci ot 0.154° | 0.068° | 0.015° 0.030°¢ | 0.013° | 0.003*

Ayni harf(ler)in takip ettigi degerler 0.05 olasilik diizeyinde birbi-
rinden 6nemli fark yoktur.

Tohumdan ¢imlenen kanyasin kuru agirlig1 uygulamalari arasinda
onemli fark agisindan yas agirligina benzerlik goriilmiistiir. Kuru agirhig:
kontrol uygulamalarmda 0.091 g’dan 0.003 g’a beyaz lahana ve ac1 ot ka-
risimimin %7 konsantrasyon uygulamasi arasinda degismistir (Cizelge 3).

Uygulamalarin rizomlardan ¢imlenen kanyasin yas ve kuru agirh-
gina etkisinin sonuglari, dnemli ol¢tide farkli olan 7 grubun agisindan
tohumdan ¢imlenen kaynasa benzermistir. Ayrica hem yas hem de kuru
agirlik tizerine en fazla etkiye sahip uygulamalar acisindan benzerlik
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varmistir (Cizelge 3 ve Cizelge 4). Ancak uygulamalarin etkisi tohum-
dan ¢imlenen kanyas yas ve kuru agirlig: tizere rizomdan ¢imlenen kan-
yas yas ve kuru agirligina gore daha etkili olarak tespit edilmistir.

Cizelge 4. Farkli uygulamalarin etkisinin altinda rizomdan ¢imlenen kanyas yas
ve kuru agirlig:.

Allelopatik bitkiler Yas agirhig Kuru agirhg

Konsantrasyonlar

%0 %2 %5 %7 %0 %2 %5 %7
Beyaz lahana 4.43¢ | 3.18" 2.48 072 | 0.97¢ 0.67° 050 0.13°
Aci ot 5.07" 3.17f 1.93¢ 1.12h 0.63F 0.37¢
Beyaz lahana + aci ot 3.56° 1.37¢ 0.25° 0.75*  0.27¢ 0.05°

Ayni harf(ler)in takip ettigi degerler 0.05 olasilik diizeyinde birbirin-
den 6nemli fark yoktur.

Rizomdan ¢imlenen kanyas yas agirlig1 4.43 g kontrol uygulamala-
rinda ve 0.25 g beyaz lahana ve ac1 ot karistminin %7 konsantrasyonda
uygulamasinda arasinda degismistir. Ayn1 zamanda %2 konsantrasyon
ac1 ot uygulamasinda yas ve kuru agirligr kontrol uygulamalarindan
daha yiiksek bulunmustur.

4. Tartisma

Bu arastirmanin sonuclari, allelopatik bitkilerin, kanyas kaynaginin
tohumlardan veya rizomlardan olup olmadigina bakilmaksizin, kanyas
¢imlenmesi ve biiytimesi {izerine bir etkisi oldugunu gostermistir. Genel
olarak, allelopatik bitkilerin etkisi tohumlar tizerine rizomlardan daha
fazla bulunmustur. Allelokimyasallarin ¢cimlenme tizerine etkisi, hedef
bitkinin biiytimesi ve gelismesinden daha biiytik olabilmektedir (AL
Sakran, Almhemed, Ustuner ve Dal, 2021).

Sonuglar ayrica beyaz lahananin ac1 otundan daha biiyiik bir etkiye
sahip oldugunu gostermistir. Ayn1 zamanda allelopatik bitkiler karisti-
rildiginda etki sinerjik oldugu tespit edilmistir. Karisimdan elde edilen
sonuglar, allelopatik bitkilerden her biri ayr1 ayr1 daha tistiin oldugu goz-
lemlenmistir. Ayrica allelopatik bitkilerin sulu ekstraktlariin, kanyasin
gesitli cimlenme ve biiylime gostergeleri tizerine etkisinin, konsantras-
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yonlarin artmasiyla arttigi bulunmustur. AL Sakran ve ark. (2021) gore
allelopatik bitkilerin sulu ekstraktinin konsantrasyonunun genel olarak
arttirilmasi, bitytime inhibasyonunda bir artisa yol acar.

Cimlenmenin inhibasyonu, ister cikis oncesi herbisitler isterse po-
tansiyel allelopatik etkilere sahip olan bitki ekstraktlar1 olsun, aktif
maddeleri degerlendirmek icin en énemli gostergelerden biridir. Kari-
sim ekstrakt1 %7 konsantrasyonda kanyas tohumu ¢imlenmesini %81,59
oraninda engellemistir. Ancak rizomlarda bu oran %63,33’e diismiisttir.
Yani bu ekstraktin etkisi rizomler tizerine daha az etkilere sahip oldugu
belirlenmistir. Beyaz lahana ekstraktlarmin %3’tiniin C. approximata ve
M. sativa cimlenmesi tizerine etkili oldugunu gostermistir (Ozkan, 2014).
Distik konsantrasyonlarin ayrica kanyas tohumlarinin ve rizomlarinin
¢imlenmesini engellemede zayif etkileri olmustur. Anzlovar (2020), sulu
ekstraktin artan konsantrasyonuna bagli olarak tohumlarin ¢imlenme
oranin azaldig1 belirlenmistir.

Kontrole kiyasla ac1 otun %2 konsantrasyonda rizom ¢imlenmesi
tizerinde %10 uyaric1 bir etkiye sahip oldugu tespit edilmistir. Bu ne-
denle potansiyel allelopatik bitkilerin farkli konsantrasyonlarinin ince-
lenmesi, inhibitor ve uyarict konsantrasyonlarinin bilinmesi icin biiytik
onem tasimaktadir. Giincan’'in (2013) acikladigr gibi, allelopatik mad-
delerin etkisi bitki biiytimesinin bir uyaricisi olabilmektedir. Act ot 10
g/1'de konsantrasyonun kok oziitli, marul, turp ve tizerlik fidelerinin
biiytimesini tesvik etmis, ancak devedikeni icin zararli oldugu bulun-
mustur (Omezzine ve ark., 2011).

Cimlenme indeksi, bir giinde ¢imlenen tohum sayisimni gosterir
ve bu indeksin daha diisiik bir degeri, yabanci ot popiilasyonunun
biiytimesinde ve gelismesinde bir gecikme oldugunu gosterir. Bu, kiiltiir
bitkisinin yabanci otlarlarin rekabete girmeden 6nce biiytimesini ve ge-
lismesini saglar. Bu denemede, kullanilan allelopatik bitkilerin farkl
konsantrasyonlariin etkisi altinda ¢imlenme indeksinin degeri kontrol
uygulamalarinda oldugundan daha diistik oldugu gortulmustiir. Bunun-
la birlikte, tohum ve rizom durumunda, kanyasin ¢imlenme indeksini
diistirmede en etkili olan karisimin ve beyaz lahananin yiiksek konsant-
rasyonlar1 olmustur. Kural ve Ozkan’a (2020), gore A. retroflexus, C. al-
bum ve B. vulgaris tohumlarina uygulanan %50 konsantrasyonda beyaz
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lahana, su ekstraktinda sirasiyla %95, %93 ve %94 oraninda ¢imlenme-
yi onlemistir. Omezzine ve ark. (2011), ac1 otun %4 konsantrasyonunda
sulu ekstraktlarin L. sativa, R. sativus, P. harmala ve S. marianum ‘nun ¢im-
lenme indeksi ve biiyiimesi {izerine etkili olamadig: tespit etmistir.

Genel olarak tohum uygulamalarinda kanyas bitki boyunun ri-
zomlardakinden daha kisa oldugu goézlemlenmis, burada kontrol uy-
gulamalarinda bitki boyu sirasiyla 18,34 ve 26,81 cm hesaplanmustir.
Tohumlardan ¢imlenen kanyas boyu %7 konsantrasyonda karisim, be-
yaz lahana ve ac1 ot uygulamalarinda sirasiyla 3.47, 6.42 ve 9.37 cm’ye
dusmustiir. Kanyas, denemenin baslangicindan 30 giin sonra bu boya
ulasmustir. Bu, kullanilan ekstraktlarin, kanyasin biiytimesini, kiltiir
bitkisinin buiytimesini ve gelismesini saglayacak sekilde yavaslattig1 ve
boylece rekabetin kiiltiir bitkisi lehine oldugu anlamma gelmektedir.
Rizomlar s6z konusu oldugunda, beyaz lahana ve karisimin sadece %7
konsantrasyonu bu etkiyi saglayabilir. Ac1 otun siirgtin ve gicek sulu
ekstraktlariin toprakta uygulanmasi fide boyunu azaltmistir(Omezzine
ve ark.,2011).

Topraktan emilen su ve besin maddelerinin miktarindaki rekabet
ve fotosentez olaymdan elde edilen organik madde tiretiminde gereken
151k rekabeti yabanci otun yas ve kuru agirligini gostermistir. Allelopa-
tik bitkilerin ytiksek konsantrasyonlari, kontrol uygulamalarina kiyasla
kanyasin yas ve kuru agirligini 6énemli olctide azaltmustir. Bu uygula-
malarda kanyasin zayif oldugu ve kiiltiir bitkisi ile rekabet edemedigi
kaydedilmistir. Ancak kullanilan allelopatik bitkilerin etkisinin kiiltiir
bitkileri tizerine ne kadar etki yapacag1 belirlenmelidir. Beyaz lahana-
dan en belirgin GLS hidroliz {irtinleri arasinda ITC'ler 3- (metilstilfinil)
propil ITC, 4- (metilsiilfinil) butil ITC ve 3-butenil ITC salgilamaktadir
(Wermter ve ark., 2020). Ac1 ot ise 2,3,11[3,13-tetrahidroaromatikin ve ili-
sik asit sentezler (Abu Irmaileh ve ark., 2015). Bu denemenin sonuglara
gore bu iki bitkiden salgilanan allelokimyasal maddeler birbirine siner-
jik olabilmektedir.
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5. Sonug¢

Bu denemenin sonuglari, kullanilan allelopatik bitki ekstraktlari-
nin kanyasla miicadelede etkili olabilecegini gostermistir. Aci ot, beyaz
lahana ve karisim ile karsilastirildiginda kanyas tizerine zayif bir etkiye
sahip olmasina ragmen, yiiksek konsantrasyonlarmin kanyasin biiytime
ve gelisme gostergeleri tizerine dnemli etkilere sahip oldugu gozlem-
lennmistir. Ayrica ac1 otun beyaz lahana ile karistirilmasi, bu bitkilerin
her birinin ayr1 ayr1 ekstraktlarinin etkisini asan sonuglar vermistir. Act
ot %2 konsantrasyonu, kanyas biiytimesinin baz1 gostergeleri tizerinde
uyarici bir etkiye sahip oldugu ve daha ytiksek konsantrasyon, kanyasi
olumsuz etkilemistir. Bu denemede kullanilan en ytiksek konsantrasyo-
nun %7 oldugu belirlenmistir. Fakat %10 ve %20 daha yiiksek konsant-
rasyonlar, ozellikle rizomlar olmak tizere kanyas tizerine daha biiytik
bir etkiye sahip olabilir. Bu nedenle, daha yiiksek konsantrasyonlarin
test edilmesi ve bu denemelerin tarla kosullarinda uygulanmas: 6neril-
mektedir. Ayrica bu bitkilerde bulunan aktif maddelerin bitkinin farkl
kisimlarindaki konsantrasyonlarmin belirlenmesi allelopatik etkisinin
de dogrulanmas: gerekmektedir.
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GAS FLOW GEOMETRICAL SHAPE ON THE
PERFORMANCE OF SOLID OXIDE FUEL CELL

Molla Asmare'

Abstract

Solid oxide fuel cell supplied with renewable fuels will be a pan-
acea for the current challenges we are faced to meet the global energy
demand and alleviate the climate changes stemmed from extensively
usage of carbon-rich fuels. Accordingly, this numerical investigation has
been examined the geometrical shape effects of reactant gas ducts and the
thickness of electrodes on solid oxide fuel cell performance. The finding
of this work disclosed that semicircular gas flow duct has outstanding
performance following the rectangular, trapezoidal and triangular geo-
metrical shapes. The additional remarkable results of this work are that
the reactant gas flow channel shape and the thickness of cathode have
substantial effects on airflow than fuel flow under identical electrolyte
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thickness. The finding also disclosed that a peak power density has been
achieved when the thickness of anode gets thicker up to a certain limit
then after it is sharply decreasing. On the contrary, the performance of
the model is increasing as the thickness of the air electrode is increasing.

Keywords: Geometrical Shape, Gas Flow Channel, Electrode Thick-
ness, Solid Oxide Fuel Cell.
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1. Introduction

Energy is one of the pivotal preconditions to attain sustainable eco-
nomic development and enhancing the life quality of human beings. A
few decades ago, speedy industrializations, growth of inhabitants, and
swift urbanizations have huge pressure on carbons-rich fuels, which
is finite. Consequently, fossil fuel consumption is rapidly snowballing
which leads to rapid fossil fuel reserve depletion. Moreover, they are
the principal source of greenhouse gases leading to a harmful impact on
the surroundings. For these reasons, finding an alternative green and
clean renewable basis energy, advancing their efficiency, and diminish-
ing the obliteration of the environment is unquestionable responsibility
for a researcher.

Today, the most decisive challenges we are fronting are clean ener-
gy making and battling climate changes. In line with this, hydrogen has
abundant merits for stationary, mobile, and transportation applications.
According to different studies, more than 23% of the global CO, emis-
sions are released from vehicles running with fossil fuels (Lan, Irvine,
& Tao, 2012). On the Contrary, utilizing fuel cells driven with hydrogen
to power electric vehicles is carbon-free and zero pollutant emissions at
the final consumer. This can be owing to the last exhaust of hydrogen
fuel is merely water.

Solid oxide fuel cells are one types of electrochemical device that
transforms the fuel’s chemical energy into electricity without intermedi-
ate products by combining numerous fuels (gaseous or gasified, liquid)
with an oxidant mainly air (Kakag, Pramuanjaroenkij, & Zhou, 2007;
Wojcik, Middleton, Damopoulos, Van Herle, & Van, 2003) They are the
most efficient electrochemical devices yet invented and developed(Ke
An, 2003; Ricardo De la Torre Garcia, 2011; S. C. Singhal, 2002; Su,
Zhang, Gao, Periasamy, & Kong, 2016) that worked at higher tempera-
tures mainly from 500 to 1000°C(Atkinson et al., 2004; Etemadi, Ghor-
bani, Masoumpour, & Dadkhah, 2016, Mench, 2008; Walther & Ahn,
2011) Besides, they are also distinguished as a ceramic oxide electrolyte
with better fuel adaptability and essay scalability(Jiang, Fang, Khan,
& Dougal, 2006; Su, Gao, Zhang, Kong, & Chen, 2015). It also provide
high-quality waste heat that can be recovered through cogeneration(S.C
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Singhal, 2000) with zero or minimal pollutants even using carbon-rich
fuels. SOFCs are quiet solid-state devices that have vibration-free oper-
ation with minimal NOx and SOx emissions compared with traditional
energy conversion technologies(S. C. Singhal, 2002). For these reasons,
they are obtained a critical attention of various scholars and govern-
ments.

Further, because of having high operating temperatures, some hy-
drocarbon fuels like natural gas can be reformed within the cell stack. As
aresult, they are eliminating the need of expensive external reformer(Ke
An, 2003; Ricardo De la Torre Garcia, 2011; S. C. Singhal, 2002; Subhash
C. Singhal & Kendall, 2003). Besides, SOFCs can be integrated with con-
ventional heat engines like gas turbines to reuse the waste heat from
exhausted gases(Ke An, 2003; Xiurong Fang & Cell, 2018). According to
Singhal (S.C Singhal, 2000) and Chan et al., (Chan, Khor, & Xia, 2001),
the efficiencies of hybrid SOFC-gas or steam turbine power systems are
estimated to 70%. However, the recent studies indicate that the efficien-
cy of SOFCs combined with gas turbines is above 90 % with zero GHGs
(Choudhury, Chandra, & Arora, 2013; Siddiqui & Dincer, 2018; S. C.
Singhal, 2002; Su et al., 2016). This is because the exhaust product is only
water when the fuel cells run with hydrogen or carbon free fuel.

Nowadays, different design of SOFC is available in the open lit-
erature(Fang, Zhu, & Lin, 2018; Ilbas, Kumuk, Alemu, & Arslan, 2020;
Minh, 2004; Molla & Ilbas, 2020; Yu, Liu, Zheng, & Ding, 2016). Yet,
the planar design is obtained a remarkable attention because of hav-
ing supreme power. Connected with this, aplenty of numerical and ex-
perimental studies are available on planar SOFC (P-SOFC) feed with
different fuels(Molla & Ilbas, 2020)the most decisive challenges we
are fronting are perfectly clean energy making for equitable and sus-
tainable modern energy access, and battling the emerging alteration
of the climate. This is because, carbon-rich fuels are the fundamental
supply of utilized energy for strengthening human society, and it will
be sustained in the near future. In connection with this, electrochem-
ical technologies are an emerging and domineering tool for efficient-
ly transforming the existing scarce fossil fuels and renewable energy
sources into electric power with a trivial environmental impact. Com-
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pared with conventional power generation technologies, SOFC that op-
erate at high temperature is emerging as a frontrunner to convert the
fuels chemical energy into electric power and permits the deployment
of varieties of fuels with negligible ecological destructions. According
to this critical review, direct ammonia is obtained as a primary possi-
ble choice and price-effective green fuel for T-SOFCs. This is because
T-SOFCs have higher volumetric power density, mechanically stable,
and high thermal shocking resistance. Also, there is no sealing issue
problem which is the chronic issues of the planar one. As a result, the
toxicity of ammonia to use as a fuel is minimized if there may be a leak-
age during operation. It is portable and manageable that can be work
everywhere when there is energy demand. Besides, manufacturing,
onboard hydrogen deposition, and transportation infrastructure con-
nected snags of hydrogen will be solved using ammonia. Ammonia
is a low-priced carbon-neutral source of energy and has more stored
volumetric energy compared with hydrogen. Yet, to utilize direct
NH3 as a means of hydrogen carrier and an alternative green fuel in
T-SOFCs practically determining the optimum operating temperatures,
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reactant flow.”,”author”:[{*dropping-particle”:””,” family”:”Molla”,
given”:” Asmare”,”non-dropping-particle”:””,” parse-names”:false,” -
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fix”:””}],” container-title”:” International Journal of Energy
Technology”,”id”:"ITEM-1",”issue”:”June”,”issued”:{“ date-parts”:[[“2
020”]]},” page”:”70-91”,” title”:” Direct ammonia fueled solid oxide fuel
cells: A comprehensive review on challenges, opportunities and fu-
ture outlooks”,”type”:”article-journal”,” volume”:”2"},”uris”:[“http:/ /
www.mendeley.com/documents/?uuid=5c1a9b5b-55d1-499b-a27d-23
c53677545¢e” ]}],” mendeley”:{“formattedCitation”:”(Molla & Ilbas, 2020.
It is know that the current density is strongly a temperature dependent
function. This is because the electrochemical reaction is faster at higher
operating temperatures. The convective and diffusive heat, mass, and
species transport are also a function of duct geometrical shape because
of its influence on the flow regime. Yet, the effects of fuel and airflow
duct shape are not studied. And also, the effects of PEN have been stud-

ied yet not sufficient. Thus, the influence of semicircular, triangular,
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trapezoidal and rectangular geometrical shape of reactant gas flow con-
duits has been investigated on the performance of the model. The nu-
meral simulation has been performed at constant area of gas flow duct
and active PEN. As well, the performance of the cell has been examined
using different thickness of electrodes at the same electrolyte thickness.
However, at the beginning, the model has been simulated and analyzed
under similar thickness of PEN then after their thicknesses have been
changed. Thus, the central goal of this study is investigating the influ-
ence of different geometrical orientation of reactant gas flow ducts and
electrode thickness on the performance of hydrogen fuelled P-SOFC. As
the knowledge of the author, this model is novel and will be used as a
cornerstone to understand the influence of duct shapes on cell perfor-
mances.

2. Numerical Investigation of Solid Oxide Fuel Cell

Mathematical Simulation is fundamental to investigate the perfor-
mance of SOFC that are used for clean energy generation in the future.
This is because numerical simulation is a viable means to assure the
practicability of SOFC before experimental work. Also, experimen-
tal work requires much cost and time. Not only that, it is difficult to
analysis what is going inside the cell using experimental study. Thus,
in this numerical study, a finite element based commercial COMSOL
Multiphysics software 5.5 has been used for 3D hydrogen feed SOFC
model development and numerical simulation analyses. The rectangu-
lar geometrical dimensions have been adopted from www.comsol.com
(Multiphysics & Software, n.d.). That comprises of electrolyte, fuel, and
air electrodes coupled with their gas flow ducts as illustrated in Table
1. Yet, the semicircular, triangular and trapezoidal dimensions of gas
flow channels are developed using constant area of gas flow channel
and PEN thickness. For all geometrical structures, a co-flow of reactant
gases has been used. Fig.1 and Fig.2 shows the cross-sectional view and
the geometrical structure of the developed model coupled with its mesh
respectively. The basic operating and fitting parameters are displayed
in Table 2.
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Tablel: Geometrical Dimensions.

Dimensions Size

Anode thickness(H_gdea) 0.1[mm]
Electrolyte thickness (H_ely) 0.1[mm]
Cathode thickness(H_gdec) 0.1[mm]
Gas flow channel height 0.5[mm]
Gas flow channel width 0.5[mm]
Rib width 0.5[mm]
Flow channel length 10[mm]

Table 2: Input Variable and Operating Conditions.

Parameters Value

Inlet Temperature 1073K

Initial cell polarization (V&6 p'j'i F 0.05Vv
Exchange current density, anode 0.1 [A/m?]
Exchange current density, cathode 0.01 [A/m2]
Specific surface area, anode 1e9[1/m)]
Specific surface area, cathode 1e9[1/m]
Anode Equilibrium voltage ( I_Il_:“._. ov

Cathode Equilibrium voltage ( # .1 v

Cell voltage( ¥ =i P~ a=V,
Reference diffusivity( f.t 3.16e-8[m?/s]
Porosity 0.4
Electrolyte conductivity 5[S/m]

Solid effective conductivity, anode 1000[S/m]
Solid effective conductivity, cathode 1000[S/m]
Inlet weight fraction, H, at anode 0.4

Inlet weight fraction, H,O at cathode 0.37

Inlet weight fraction, O2 at cathode 0.15
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a) Semicircular b) Rectangular
c) Trapezoidal d) Trapezoidal

Figure 1: A Cross-Sectional View of SOFC Model with Different Reactant Gas
Channel Ducts.

Figure 2: Schematic Drawing of Solid Oxide Fuel Cell.
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2.1. Assumptions and Boundary Conductions Used for Model de-
velopment

The main assumptions were applied in this numerical study is that
the distribution of temperature is isothermal, the velocities of the fluid
and the partial pressures are averagely uniform, and the viscosity of the
fluid in each subsystem is the same. As well, during fuel and air flow
via the systems, the density of the gas is constant, chemical reactions
does not occur in both conduits and operated at steady state. Boundary
conditions are also formulated to solve different coupled partial differ-
ential equations. Accordingly, some of the working circumstances were
considered is nonslip conditions, which means the velocity of boundary
and fluid are identical, the boundary layers for gas flow are negligible,
uniform potential at the electrode or gas channel interface and the flux is
zero at the end of electrodes and electrolyte.

2.2. Electrochemical Modelling

An electrochemical reaction is an oxidation-reduction reaction of
a fuel and oxidant mainly air take apart in a fuel cell. It constituted a
source terms coupled with transport equations of charge transfer, ener-
gy, mass and momentum. In this modelling, moist hydrogen and air is
feed into the anode and cathode electrode respectively. Accordingly, the
anticipated oxidation-reduction electrochemical reaction of hydrogen
fuelled SOFC using O transfer is expressed as follows.

Anode reaction: H,+ O*” — H,O + 2e” )

Cathode reaction 0.50, + 2e”— O? )

Cell reaction/net: H,+O,— H,O 3)
The electrochemical performance of a fuel cell is investigated as a
function of polarization and power density plot to identify the effect of
embedded current collector. The ideal voltage is determined at standard

conditions yet fuel cell is always running above it. The voltage variation
is more perceptible in cells that run at elevated temperatures. Alongside,

101



6. ULUSLARARASI OGRENCI BILIMLER KONGRESI BILDIRILER KiTABI - 2

current is not flowing outside of the cell unless connected to an external
load. As a result, the operatine voltage is equal to the open circuit volt-
age (V. Nernst voltage | Esrna | is same to equilibrium voltage at the
air electrode that has been estimated by the following formulas (Ched-
die, 2013).

r 7 -5
Y Py, Pa,|

Eera=1,253— et
rae 2079 nF | Pro

(4)

Here, P, P,,, and P, are the partial pressure of hydrogen, water
vapor and oxygen at the anode and cathode-electrolyte interface, respec-

tively.

Further, the cell voltage (V ,) is plummeting because of internal
charge transfer, conduction, and diffusion losses. As a result, V_, is al-
ways lower than Nernst voltage as shown in equation (5). These losses
are independently characterized as activation, concentration and ohmic

polarization. They are prevailing factors that determine the V_ and col-

cell
lectively considered as voltage losses (V ). Consequently, V , can be
expressed as:

Ver=Ema=Viu )

v &l
And vhl-'a:'IJ‘MI“h +rr.|:l+'l-ru:|l (6)

Where’ I]m:t rlohm
polarization at anode and cathode electrodes respectively.

and n_ are the activation, ohmic, and concentration

Besides, for this numerical study, Maxwell-Stefan diffusion and con-
vection mode is also applied for mass and species balance in gas chan-
nels and porous electrodes regarding the substantial difference between
molecular weight of species. This is because the transport of mass is
primarily motivated by diffusion and convection. As well, Brinkman
equation is used for momentum balance through the porous media to
solve the pressure and velocity field. Ohm’s law is also used to deter-
mine the transfer of charge between ionic and electronic conductors and
conductive phases. Accordingly, the rudimentary governing equations
for charge carriers, species, momentum, energy, and mass conservation
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are summarized in Table 3. The molecular diffusion of gases is also de-
termined using Fuller’s correlation where M is the molecular weight in
kg/kmol, v is the special Fuller’s diffusion volume as expressed below;

17
Dij=——t
P[:'.u,.u.]'s- L LT
W oewy |
MM, | LTV
)

Table 3: Governing Equation.

Charge conservation o] =, g 3
equations F’ ,. ¢m Fb__ﬁ:bl F r‘hh
Vig=2, i=-5,V 0,
Bulter-Volmer equation I :I ]
0.J
Continuity Equation gl & ﬁrp | r_;:l' 'Eeﬁ pu; |
ot v X %
Vorentm Eauation | alpgu) Blogu) 0P, g |, (Bu o) o
ot &x, Ox, dx,| T dx Ox] ¢
OlpC . T) SgpC. T aT &T)
. &tr N x _le"(r i x ¥|‘51
Energy equation i M
Chemical species 8pc*) | k&8 x| oc El.".""'l
—_— il ;
g 2 eu =g 0l ax; 8%,

Likewise, during the electrochemical reaction, the rate of hydrogen
and oxygen consumption and production of water as a byproduct of the

reaction is given as follows.

o A e
4 F 20

I." ——
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3. Results and Discussions

Today, the performance of the fuel cell has been tried using different
fuels (hydrocarbons, hydrogen, natural gas, biogas, methanol, ethanol,
etc.) Among them, hydrogen is a perfect fuel choice from energy den-
sity and environmental outlooks to resolve the global warming glitches
due to fossil fuel combustion. Yet, the storage and distribution system of
hydrogen needs further research, which is out of the scope of this work.
Accordingly, in this numerical work, a 3D hydrogen fuelled P-SOFC
model has been developed and its performance has been evaluated us-
ing different shape of reactant gas flow channels under similar operat-
ing conditions and active area. In addition to this, a parametric sweep
analysis has been studied to examine the effects of electrodes thickness
under similar electrolyte thickness. A number of runs were conducted
at cell voltage ranged from 0.95V to 0.2V in step down of 0.05V through
parametric mode to generate a complete polarization curve as a function
of voltage and current density. A parametric nonlinear stationary with
direct linear system solver (MUMPS) has been used to linearize the PDEs
at convergence relative tolerance of 0.001.

In this numerical modelling, the fuel cell ducts are changed from
rectangular to semicircular, triangular and trapezoidal geometrical de-
signs under similar working conditions and active area. Among them,
a semicircular gas flow duct outperforms succeeding rectangular, trap-
ezoidal and triangular as displayed in Fig3. As well, the effect of duct
shape is more influential at the cathode electrodes. Accordingly, the
finding of this work is revealed that the geometrical structure of reactant
gas flow duct has played frolicked contribution on fuel cell performance.
The polarization curve determines the fuel cell performance that indi-
cates the electrochemical efficiency at any operating current. The maxi-
mum voltage output is achieved at open circuit when there is no current
flow. As can be seen in the figure, the voltage output decreases when the
current surges due to different potential lose. The figure also illustrates
that a maximum power density of 1008.91, 961.32, 882.51, and 796.3W/
m? is noted at a cell voltage of 0.5V when the reactant gas channel is
modeled in semicircular, rectangular, trapezoidal and, triangular duct
shapes, respectively.
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a) Polarization Curve b) Power Curve

Figure 3: The performance of the developed model as a function of different gas flow
duct shapes at a cell voltage of 0.5 V.

The spatial distribution of oxygen mole fraction within the air elec-
trode and in its flow duct is depicted in Fig.4. The depletion of oxygen
is slowly declines along the main flow channel directions and reaches
almost null close to the outlet from its initial value of 0.11. Noticeable
depletion is observed in all geometrical ducts but more significant in
semicircular ducts. This is because the relative reduction electrochemical
reaction and diffusion of oxygen is sluggish than hydrogen fuel.

ot
W I W I

a) Semicircular b) Rectangular
| N |- '\ M I .
¢) Trapizoedal d) Triangualr .

Figure 4: The distribution of oxygen mole fraction at different shape of gas flow
ducts a cell voltage of 0.5 V.
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Figure 5 shows the distribution of hydrogen inside the fuel flow duct
and at the anode electrode. As illustrated in the figure, the mole fraction
of hydrogen cascades from 0.85, which is an initial value for all types of
reactant flow ducts to about 0.75, 0.76, 0.77 and 0.78 at the outlet of semi-
circular, rectangular, trapezoidal and triangular ducts, respectively. The
amount of hydrogen at the fuel electrode has been also declined along
the flow channel directions. Yet, the depletion of hydrogen is not notice-
able like that of happing at the air electrode.

a) Semicircular b) Rectangular

L E S

¢) Trapizoedal d) Triangualr

Figure 5: The distribution of hydrogen mole fraction at different shape of gas flow
ducts at a cell voltage of 0.5 V.

Figure 6 has been displayed that the distribution of electrolyte cur-
rent density at the side of air electrode is non-uniform, underprivileged
and almost nil at the cathode outlet because of oxygen depletion. Rel-
atively, the distribution of current is good in semicircular reactant gas
flow channels that supplies uniform gas distribution. Consequently,
the primary solution to boost the performance of SOFC is increasing the
flow rate of cathode that facilitates oxygen mass transfer.
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a) Semicircular b) Rectangular

¢) Trapizoedal d) Triangualr

Figure 6: Electolyte current density at different shape of gas flow ducts at a cell volt-
age of 0.5V.

Besides, the performance of P-SOFC has been studied numerically
as a function of electrode thickness. The simulation has been conduct-
ed using a semicircular duct that gives a maximum power density. Ac-
cordingly, the thickness of anode has been simulated at value of 0.01,
0.1, 0.5, 1, and 1.5mm under similar electrolyte thickness (0.1mm). Then
after, the performance of the model has been evaluated when the cath-
ode electrode thickness has been changed from 0.01 to 1.5mm using the
anode thickness that gives peak power density. The simulation result
unveil that air electrode thickness has considerable effect on cell perfor-
mance than that of anode as can been seen clearly in Fig .7. Connecting
with this, a deprived performance has been observed at thinner cathode
electrodes. The expected reason associated with this is that the relative
oxygen diffusion towards the anode and its electrochemical reactivity
is slow compared with hydrogen. Alongside, the chance of supplying a
sufficient quantity of air is declined that resulting in sever oxygen deple-
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tion. In contrast, the model performance is declining as the anode elec-
trode is going to be thinker especially above 0.5 mm because of having
substantial fuel diffusion resistance as illustrated in Fig.8. Yet, the find-
ing also disclosed that the performance of the model is improved when
the anode electrode gets thicker up to 0.5mm. This is because the diffu-
sion of gases is augmented when the thickness of the anode electrode
increases up to a certain limit. Accordingly, a maximum power density
is observed at a cathode thickness of 1.5 and anode of 0.5mm. This is
due to as the anode thickness is made thinner the diffusion potential loss
is meaningfully diminishing. As a result, the overall cell performance is
boosted.

a) Polarization Curve b) Power Curve

Figure 7: The performance of the developed model as a function of air electrode thick-

ness.
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c) Polarization Curve d) Power Curve

Figure 8: The performance of the developed model as a function of fuel electrode
thickness.
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4. Conclusion

A three dimensional P-SOFC model has been developed and sim-
ulated numerically to investigate the effect of flow channel shape and
electrodes thickness on cell performance. Accordingly, the finding of the
study disclosed that maximum power density of 1008.91W/m? were re-
corded when the reactant gas channel is constructed in semicircular fol-
lowing rectangular (961.32W/m?), trapezoidal (882.51W/m?) and, trian-
gular (796.3W/m?) shape. In addition, the electrodes thickness analysis
confirmed that the air electrode has substantial influence on model perfor-
mance than that of anode. The finding also disclosed that the performance
of the model is improved when the anode electrode gets thicker up to
0.5mm but it is sharply decreasing beyond 0.5mm because of having sub-
stantial fuel diffusion resistance. Accordingly, a maximum power densi-
ty is observed at a cathode thickness of 1.5 and anode of 0.5mm. On the
contrary, a deprived performance has been observed at thinner cathode
electrode of 0.0lmm compared with anode due to higher oxygen deple-
tion and the relative oxygen diffusion towards the anode and its electro-
chemical reactivity is slow compared with hydrogen.
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Abstract

Meeting energy demand requires diverse supply mix of different
energy sources. However, the re-occurring natural disasters like flood
and wildfire linked to global temperature increase necessitate the use
low carbon energy sources, especially renewable energy. Due to the
infeasibility of an abrupt renewable energy transition in the short run,
this work investigated the extent of emission reduction associated with
a combined natural gas and renewable energy system. The analysis was
based on the use of fuel emission factors to calculate the emission and
carbon budget from various systems of diverse energy sources. Three
cases were considered: Case 1 compared a natural gas/ renewable ener-
gy and a full natural gas system. This was used to determine the extent
of emission reduction if natural gas and renewables had dominated the
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consumption mix between the year 2009 and 2019. Case 2 and 3 are pro-
jections based on a 320Gt carbon budget (CB) as at the ending of year
2019. he emission coal dominominatingumption mixCase 2 is a mixed
system which uses the same consumption ratio as that of the year 2019,
while Case 3 is a natural gas/ renewable energy system but with a 5-year
transition gap. Using the year 2009 to 2019 data, the fuel emission factors
(FEF) for oil, natural gas and coal gave 0.06489, 0.05406 and 0.09277Gt/
EJ respectively. Based on these values, Case 1 gave an emission reduc-
tion of 88.31 GtCO, and 38.03 GtCO, for a natural gas/ renewable energy
and a full natural gas system respectively. With the year 2019 fossil fuel
consumption ratio, Cases 2 and 3 gave 6 and 7 years respectively for a
positive carbon budget. With more than 0.55 and 0.65 fossil fuel share for
Case 2 and 3 respectively, the positive carbon budget lies within the first
10 years. The result additionally shows that a positive carbon budget of
up to 20 years requires a fossil fuel (natural gas) fraction of as low as 0.3
in the consumption mix. All in all, the results show that additional use of
carbon capture technologies is required to achieve the net zero emission
target as envisaged by global emission control bodies.

Keywords: Co2 Emission, Fossil, Fuel, Natural Gas, Renewable En-
ergy, Carbon Budget.
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1. Introduction

Due to the increasing global population, an option to meeting fu-
ture energy demand requires diverse range of supplies, including oil,
gas, coal, and renewables. However, meeting CO, emission reduction
goals with such options will be very difficult (Looney, 2020). This is be-
cause any energy generation path to be adopted must be that by which
carbon emissions will fall sharply as the world seeks to move to a lower
carbon energy system consistent with the climate goals (Looney, 2020).
Thus, among the fossil fuel energy sources, natural gas with the lowest
fuel emission factor is expected to play an important role in supporting
renewable resource integration (Mac Kinnon, Brouwer, & Samuelsen,
2018)Brouwer, &amp; Samuelsen, 2018. The aim of this work is to in-
vestigate the extent at which the combination of both natural gas and
renewable energy sources can help to mitigate CO, emissions pending
the major goal of full renewable energy transition. According to Mac
Kinnon et al. (2018), natural gas has a unique role to play with regards
to meeting sustainable energy requirement. This is because it can serve
as a means of carbon reductions, and an essential target for displace-
ment with lower-carbon alternatives, depending upon the goal to be
realized as well as the strategy and dynamics of operation (Mac Kin-
non et al., 2018)2018. Also, the use of natural gas and renewables has
been studied and can to a large extent help in reducing emissions in
the power sector. For example, natural gas can reduce CO, emissions
by up to 60% compared with coal when used for power generation
(Ang, Rottgers, & Burli, 2018). According to the International Energy
Agency (IEA), more than 40% of global CO, emissions in 2015 came
from electricity and heat generation. In combination with renewables
and the use of carbon capture and storage (CCS) technologies, natural
gas will be essential in significantly lowering greenhouse gas (GHG)
emissions. Also, due to the intermittent nature of renewable energy
sources like solar and wind power, natural gas can serve as backup
to maintain a steady supply of electricity (Lulek & Sadowska, 2020).
Moreover, the petroleum industry flares an approximate of 140 bil-
lion cubic meters of natural gas annually, resulting in the discharge
of about 400 million tons of CO, equivalent into the atmosphere every
year (Bereznoy, 2021). This amount of flare gas can serve as a solution
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to power generation challenges and can provide the approximate an-
nual electricity consumption of 750 billion kWh required of the African
continent (Chang, Zhuo, Meng, Qin, & Yao, 2016). Aside energy wast-
age and drastic environmental impacts reduction, other benefits of gas
utilisation in the expense of flaring are in reducing flaring light, noise,
and odour, extending flare tip life and improving public relations of
oil and gas industries with surrounding communities (Yazdani, Asadi,
Dehaghani, & Kazempoor, 2020). Estimate shows that by the end of
the year 2019, the total proved reserve of natural gas was 198.8 tril-
lion cubic metres (7019.0 trillion cubic feet). With a billion cubic me-
tres supplying about 6.729 exajoules, such reserve can supply about
1.3377E15 exajoules. With an average annual energy consumption of
583.9 exajoules, these gas resources can suffice the global population
for decades (by fuel type-Exajoules & Emissions, 2006). Thus, with the
concensus agreement towards oil and coal as major causal of emission
rise (Ogbonnaya et al., 2019), the combined natural gas and renewable
energy system can serve as a good transition between the present state
of mixed energy and full renewable energy system. However, mecha-
nisms must be put in place to narrow the duration of such transition
phase such that emission will be reduced and the carbon budget will
not get exhausted. By these, the challenges of climate change will be
highly mitigated.

Table 1: Energy sources and share in the year 2019 primary energy consumption
(Ang et al., 2018).

Energy source Consumption (Exajoules) Share of primary energy (%)
oil 193.0 33.1

Gas 141.5 24.2

Coal 157.9 27.0

Renewables’ 29.0 5.0

Hydro 37.6 6.4

Nuclear 24.9 4.3

Total 583.9
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a. b.Figure 1: (a.) Energy sources and share in the 2019 primary energy consump-
tion; (b.) Oil, gas and coal fraction in fossil fuel (Renewable power includes biofuels
and excludes hydro) (Data used in diagram sourced from (Ang et al., 2018).

Climate change is undoubtedly a major driving force behind envi-
ronmentally-influenced societal change (Palut & Canziani, 2007). The
dangerous impact of this catastrophic human-induced phenomenon de-
pends on various factors which includes magnitude of its change as well
as its potential for irreversibility (Solomon, Plattner, Knutti, & Friedling-
stein, 2009)0”". Anthropogenic emissions have led to continuous increase
in the atmospheric concentrations of key greenhouse gases (Solomon et
al., 2009), and abrupt efforts towards net zero emission is required to
prevent further devastating climate impacts (Stern, 2006). Thus, the Sus-
tainable Development Goal 13 is about taking urgent action to realizing
this emission reduction goal. In line with this, Article 2.1(a) of the Paris
Agreement is aimed at “holding the global average temperature increase
well below 2°C above pre-industrial levels and pursuing efforts to limit
the temperature increase to 1.5°C above pre-industrial levels” (Looney,
2020). To achieve these, there is a finite CO, emission (carbon budget) that
should be allowed to enter the atmosphere to remain within the target tem-
perature limits. This assumes that the amount of warming that will occur
can be approximated by total CO, emissions. Excluding CO, released by
permafrost thawing or methane released by wetlands, the remaining car-
bon budget is assessed and estimated to be 420 GtCO, for the 67th percen-
tile of TCRE (transient climate response to cumulative emissions of carbon)
starting from the 1st of January 2018 onward (Rogelj et al., 2018). Based on
this figure, an annual fossil fuel emission of 42Gt (by fuel type-Exajoules
& Emissions, 2006) as well as those from other unaccounted sources is as-
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sumed to leave an approximate carbon budget of 320Gt at the end of year
2019. Moreover, according to Solomon et al. (2009), having a significant de-
cline in global temperature is unclear and not assured even if carbon emis-
sions ceases completely, and hence, the possibility of a short and long-term
scale irreversible and adverse climate changes if carbon dioxide emission
continues (Solomon et al., 2009). For an effective and long-lasting solution
to these challenges (Edenhofer et al.,, 2014), setting emission mitigation
targets (Dong, Hua, & Yu, 2018) is very important and requires frequent
monitoring, evaluation, and energy policy adjustment for its successful-
ly realization (Newell, Raimi, & Aldana, 2019). In addition to these, alter-
native energy for future supply is paramount, and factors such as energy
sustainability, economy, efficiency and low environmental impact need to
be considered to prevent energy poverty and global energy crises (Ogbon-
naya, Abeykoon, Damo, & Turan, 2019).

There are numerous works that has been published about means of
carbon mitigation as it relates to energy consumption and impact on the
carbon budget. Bismark et al. investigated and proposed the emission
mitigation pathways for CO, emissions from fossil fuel combustion only,
based on selected countries which includes the USA, China, Canada, and
Nigeria. The author generated an algorithm which was used to propose
emission mitigation pathways for the countries investigated to allow them
to achieve zero CO, fossil fuel emission by the year 2030 (Mac Kinnon et
al., 2018)2018. Michael et al. investigated the emissions from natural gas
with a focus on power generation. He also proposed a pathway for natu-
ral gas generation and infrastructure to maximize environmental benefits
and support renewable resources in the attainment of emission reduction
(Ogbonnaya et al., 2019). Dong et al. in his review laid down procedures
and systematic analysis of how China can reach its peak carbon emissions
earlier than expected (Dong et al., 2018). The study investigated the five
main driving factors of carbon emission peak in China. The factors include
transportation, energy-related issues, urbanization, economic develop-
ment, and foreign direct investment and technology. It also gave a sum-
mary of various predictions relating to the subject. Another intensive effort
on the present work is that of the Working Group III contribution to the
IPCC Fifth Assessment Report (WGIII AR5). The work assessed the rele-
vant options for mitigating climate change through limiting or preventing
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greenhouse gas emissions, as well as activities that remove them from the
atmosphere (Edenhofer et al., 2014). In addition, Hulme (2016) in his “1.5
°C and climate research after the Paris Agreement” stated the importance
of a science-policy interaction and the deployment of limited time and
resources in designing flexible mechanisms to pursue more pragmatic and
decision-centred applications of climate research (Hulme, 2016). The Par-
is Agreement is a commitment made by national leaders towards ensur-
ing emission reduction and means by which such will be achieved within
given time frames in their respective countries. Asides national commit-
ments, multinational companies including Shell, ExxonMobil, and British
Petroleum (BP) also keyed into this agreement and efforts are on-going
towards its accomplishment. According to the year 2019 Shell Annual re-
ports, it states that “Shell fully supported the Paris Agreement’s goal to
keep the rise in global average temperature this century to well below two
degrees Celsius (2°C) above pre-industrial levels and to pursue efforts to
limit the temperature increase even further to 1.5°C”. It also supported the
vision of a transition towards a net-zero emissions energy system in pur-
suit of the goal (Lulek & Sadowska, 2020). As a result of these, Shell identi-
fied measures like implementation of energy-efficiency where reasonably
practicable, developing new fuels for transport such as advanced biofuels
and hydrogen, maintaining a focus on using natural gas and renewable
electricity to generate power and working with nature-based solutions as
possible solutions to tackling climate change challenges (Lulek & Sadows-
ka, 2020). British Petroleum (BP) additionally identified improving energy
efficiency, rapid growth in low or zero carbon energy sources, switching
to low or zero carbon liquid and gaseous fuels, promoting natural climate
solution and restoration as possible measures (Lulek & Sadowska, 2020).
In order to bring a sustainable energy future within reach, IRENA 2018 re-
port identified rapid decline in renewable energy costs, improving energy
efficiency, widespread electrification, increasingly “smart” technologies,
continual technological breakthroughs and well-informed policy making
as necessary measures (Ang et al., 2018). According to the ExxonMobil
technological report, industrial emissions can be reduced using technol-
ogies like low-energy separations, high-efficiency reactors and high-effi-
ciency catalysts that help refiners make cleaner, high-quality transporta-
tion fuels more efficiently (Bereznoy, 2021).
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Based on the above analysis, lots of opportunities lies in the use of
natural gas, and the extent to which emission could be curtailed through
its adoption is important to be known. This needs to be investigated, and
a realistic mitigation path need to be put in place to meet any emission
reduction goal set therefrom. This is necessary because according to the
IRENA 2018 report, the carbon mitigation paths of current and planned
policies are comparatively slow. According to the report, the paths are
such that energy related budget associated with the set global temperature
limit of 2°C and 1.5°C will be exhausted under 20 and 10 years respec-
tively (Ang et al., 2018). Based on these, this paper investigated the role
of natural gas and renewable energy transition in achieving the emission
target, and hence, a long-term positive carbon budget pending net zero
energy transition. The analysis was based on the use of fossil fuel emission
factors to determine the emissions associated with various systems of di-
verse energy consumption share as it relates to the energy projection data
published by recognized energy organizations. Due to data limitation, av-
erage values from available data were used in some aspects of the work
where doing so is seen as realistic. Therefore, the result gives a very good
approximate of what is expected of the work but may not be a completely
accurate representation of it.

2. Methodology

Fossil fuels are common energy sources but associated with a high
degree of emissions. For a natural gas and renewable energy system, the
extent of emission cut which gives a positive carbon budget is examined
and compared with a mixed system.

The syntax used for all cases is: “RESOURCES: Oil (O), Gas (G), Coal
(C) or Renewables and others (R+) _EMISSION (E), CARBON BUDGET
(CB) or EMISSION REDUCTION(ER)_FRACTION OF FOSSIL FUEL IN
ENERGY MIX/YEAR”.

For example, “O_E_2009” denotes “OIL_EMISSION_2009”. It stands
for CO, emitted from oil consumption in 2009. Also “R+_E_2030” denotes
“RENEWABLE ENERGY AND OTHER ENERGY SOURCES ASIDE
FOSSIL FUELS_EMISSION_2030”. It stands for CO, emitted from con-
sumption of non-fossil fuels in 2030. “GOC/G_E_0.843" denotes “GAS,
OIL AND COAL SYSTEM/ GAS SYSTEM_EMISSION_0.843". It stands
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for CO, emitted from a gas, oil and coal driven system followed by a
wholly gas system, of which the fraction of fossil fuel in the total energy
mix is 0.843 or 84.3%.

Three cases are considered:

Case 1 was used to determine the extent of emission reduction if nat-
ural gas and renewables had dominated the energy consumed between
year 2009 and 2019. The emission reductions were determined for two
subcases.

Subcase 1: A fossil fuel/renewable energy system such that fossil
fuel is wholly natural gas.

Subcase 2: A full natural gas system.

Case 2 and 3 projects future emissions based on a 320 Gt carbon bud-
get as at year 2019 ending.

Case 2: An oil, gas, coal and renewable energy system which uses
the same consumption mix as that of the year 2019.

Case 3: A natural gas/ renewable energy system having its first 5
years (transition window) as that of the 2019 mix.

The fuel emission factors (FEF) used for oil, gas and coal are 0.06489,
0.05406 and 0.09277 Gt/ E] respectively. As shown in Figure 2, these val-
ues were determined using emission and consumption data from the
year 2009 to 2018. The values translate to the amount of CO, emission
from the consumption of an exajoule of the fuels. It implies that for every
exajoule of oil, gas and coal consumed, 0.06489, 0.05406 and 0.09277 Gt of
CQ, is respectively emitted.

Mathematically,
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FEF: Fuel Emission Factor (Gt/EJ)

E: CO, emission (Gt)

E,: Total CO, emission (Gt)

C: Fuel consumption (EJ or TWh)

C,: Total fuel consumption (EJ)

n: Number of years

x: Share of fuel in the consumption mix
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Figure 2: (a.) Fuel emission factors (FEF) determination from energy consump-
tion and emission data; (b.) Average fuel emission factors (FEF) for natural gas, oil

and coal.
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The energy consumption projection data used is as given in the In-
ternational Energy Outlook Report (Osaki, 2019) by the U.S. Energy In-
formation Administration. Accuracy in the results is a function of ratio
of fossil fuel to other energy sources and the ratio of oil, gas, and coal in
the fossil fuel mix. With the expectation of a continuous shift from fossil
fuels to renewables, the fraction of fossil fuel in the 2019 consumption
mix is taken as the maximum.
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Figure 3: Global primary energy history and projection (Osaki, 2019).

The assumptions used in the analysis are:

i. Fuel emission factors are constant throughout for each fuel type.

ii. Carbon emission from renewable energy sources is equivalent
to carbon captured using clean technologies; both are therefore not ac-
counted for.

iii. There remains a carbon budget of 320 GtCO, as at year 2019 end-
ing based on a 1.5°C temperature limit.

3. Results and Discussions
3.1. Energy System Scenarios

Case 1 is a natural gas and renewable energy system for the year
2009 to 2019. It is used to determine the extent of emission reduction if
natural gas and renewables had dominated the energy consumed be-
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tween year 2009 and 2019. Two subcases were considered: Subcase 1 is
a natural gas/renewable energy system while Subcase 2 is a full natural
gas system. The control case is the actual emission as calculated for the
year range. Figure 4 shows the results for the control and subcases as
well as the emission reduction associated with each. While the actual
emission gave 357.86 Gt, the full gas and gas/ renewable energy system
gave 269.55 and 319.83 Gt respectively. This implies an emission reduc-
tion of 38.026 and 88.310 Gt for the full gas and gas/ renewable energy
system respectively, as well as a respective annual emission reduction
of about 3.8026 and 8.8310 Gt. On a percentage basis, these values ac-
counts for about 9% and 21% respectively of the average annual CO,
emissions and implies that a gas/renewable energy system could lead
to a significant cut in carbon emissions. For fossil fuels, coal with the
highest emission factor of 0.09277 Gt/ E] is expected to give the highest
emission while natural gas with the lowest emission factor of 0.05406
Gt/E] is expected to give the lowest. Renewable energy has the least and
is the most favourable. However, with the full adoption of renewable
energy requiring lot of measures, policies and therefore time to be put in
place, a gradual process of partial transition to a gas/ renewable energy
system will be a feasible option.

COT EMISSION AMND EXTENT OF REDUCTICN N & GAS AND
REMNEWABLE ENERGYT SYSTER

Figure 4: Carbon emission in a natural gas and renewable energy system.

Case 2 discusses a fossil fuel/ renewable energy system with the
year 2019 consumption ratios used as a case study. According to Table
1, the fossil fuel share in the 2019 primary energy consumption is 84.3%.
With the expectation of a shift from fossil fuels to renewables, this 2019
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fossil fuel consumption fraction is taken as the maximum possible val-
ue. The control case uses the same data and emission pace as that of
2019 and Figure 5 shows that the carbon budget drops to zero in 8 years
(year 2028) assuming the year 2019 energy consumption and emissions
keeps reoccurring. A major goal of the Paris Agreement is increasing this
exhaustion period as much as possible above the 8 years and keeping
the carbon budget positive pending net zero emission transition. How-
ever, since energy consumption is expected to increase in the coming
years, the control case might seem not to give the lowest emission on a
business-as-usual scenario. This is because the increase in energy con-
sumption will translate into more need for energy, and hence, increase in
the CO, emissions. The carbon budget exhaustion period therefore goes
below the 8 years earlier determined for the control case as will be seen
subsequently. This will be so if the pace remains as that of the year 2019,
except there is a shift to lower emitting sources or other approaches like
deployment of carbon capture and storage (CCS) technology and other
carbon mitigation means.

CARBOMN BUDGET [Gt)

TEARHN

Figure 5: Carbon budget exhaustion for the year 2019 emission pace (control case).

Having investigated the control case scenario, we now look into the
case of mixed energy systems which uses the projected energy consump-
tion data from which projected emissions were calculated. The assump-
tion of the maximum future fossil fuel percentage of 84.3% in the con-
sumption mix being equal to that of 2019 is used to determine the highest
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possible emissions which gives the earliest exhaustion period. With the
projected increase in energy consumption, Figure 6 shows that the ear-
liest carbon budget exhaustion is 6 years (year 2026). This is earlier than
the 8 years obtained in Figure 5 (control case) because increase in energy
consumption was not accounted for in the control case. In other to raise
the exhaustion period, there must be a reduction in fossil fuel consump-
tion which implies a shift to lower emitting sources like renewable en-
ergy and allowing natural gas consumption to dominate the fossil fuel
share. Figure 6 gave the results for various fossil fuel consumption ratios,
associated emissions and their corresponding carbon budget exhaustion
periods. Different fossil fuel to renewable energy ratio were examined
starting from 0.843 fossil fuel share which gave the earliest exhaustion
period of about 6 years as mentioned up to a fossil fuel share of 0.1 which
gave an exhaustion period of more than 30 years. In-between these two
are other fossil fuel to renewable energy ratios with their emissions and
impacts on the carbon budget. Figure 7 is an extract from Figure 6, and
it shows that any fossil fuel fraction above 0.55 gives a CB exhaustion
period of less than 10 years while a fraction of 0.3 gave 20 years. A shift
from 0.843 to 0.55 fossil fuel share either with or without any transition
window is apparently a tough task which requires extraordinary global
efforts and cooperation as well as stringent policies.
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Figure 6: Emission and carbon budget for a fully mixed system with different
fossil fuel consumption ratios.
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Figure 7: Emission and carbon budget for 0.843, 0.55 and 0.3 fossil fuel fractions.

CB (Gt) by 2020 | CB (Gt) by 2030 | CB (Gt) by2040 | CB (Gt) by 2050
CASES year ending year ending year ending year ending
GOC_CB_0.843 280.05 -141.911 -615.146 -1155.06
GOC_CB_0.8 282.09 -118.35 -567.446 -1079.82
GOC_CB_0.75 284.46 -90.953 -511.98 -992.34
GOC_CB_0.7 286.83 -63.556 -456.515 -904.846
GOC_CB_0.65 289.2 -36.159 -401.05 -817.357
GOC_CB_0.6 291.57 -8.763 -345.584 -729.868
GOC_CB_0.55 293.94 18.635 -290.119 -642.379
GOC_CB_0.5 296.31 46.031 -234.654 -554.89
GOC_CB_0.4 301.05 100.825 -123.723 -379.912
GOC_CB_0.3 305.78 155.619 -12.792 -204.934
GOC_CB_0.2 310.52 210.413 98.139 -29.956
GOC_CB_0.1 315.26 265.206 209.069 145.022

Table 2: CASE 2 (An oil, gas, coal, and renewable energy system which uses the
same consumption mix as that of the year 2019).
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Case 3 is also a natural gas/ renewable energy system but differs
from Case 2 in that it incorporates a 5-year fully mixed energy transition
period after which a wholly natural gas system follows. The transition
window uses the same energy consumption share as that of the 2019 as
given in Table 1. The transition window makes this system very feasi-
ble and can be termed a more realistic natural gas/ renewable energy
system due to its structure. Figure 8 shows the results of various fossil
fuel (natural gas) consumption ratios, associated emissions, and their
corresponding carbon budget exhaustion periods. With the incorporat-
ed transition period, different natural gas to renewable energy ratio were
examined starting from 0.843 fossil fuel share which gave the earliest
exhaustion period of about 7 years up to a fossil fuel share of 0.3 which
gave an exhaustion period of more than 30 years. In-between these two
are other energy ratios with their emissions and impacts on the carbon
budget. Figure 9 is an extract of Figure 8 and shows that natural gas frac-
tions above 0.65 leaves the CB exhausted within 10 years. Additionally,
Figure 8 shows that only about 0.1 and 0.2 natural gas fraction in the
energy consumption mix allows a positive carbon budget beyond 2050.
The next is 0.3 natural gas share which hits zero by 2043. Though a pro-
pitious result, there is the need to improvise more practical approaches
by which the exhaustion period could be raised to allow enough time for
net zero emission transition.
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Figure 8: Emission and carbon budget for a mixed and gas/renewable energy

system.
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Figure 9: Emission and carbon budget for 0.843, 0.65 and 0.3 fossil fuel fractions.

Table 3: CASE 3 (A natural gas/ renewable energy system having its first 5 years

transition window as that of the 2019 mix).

CB (Gt) by 2020 | CB (Gt) by 2030 | CB (Gt) by 2040 | CB (Gt) by 2050
CASES year ending year ending year ending year ending

GOC/G_
CB_0.843 280.053 -91.947 -453.653 -866.327
GOC/G_E_0.8 282.090 -70.935 -414.191 -805.815
GOC/G_CB_0.75 284.460 -46.501 -368.304 -735.451
GOC/G_CB_0.7 286.829 -22.068 -322.417 -665.088
GOC/G_CB_0.65 289.198 2.366 -276.530 -594.725
GOC/G_CB_0.6 291.568 26.800 -230.643 -524.361
GOC/G_CB_0.55 293.937 51.232 -184.756 -453.998
GOC/G_CB_0.5 296.306 75.666 -138.869 -383.634
GOC/G_CB_0.4 301.045 124.533 -47.095 -242.907
GOC/G_CB_0.3 305.784 173.400 44.679 -102.181
GOC/G_CB_0.2 310.523 222.266 136.452 38.546
GOC/G_CB_0.1 315.261 271.133 228.226 179.273
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The results show the huge impact of fossil fuel use on the carbon
budget. It is apparent that for significant emission reduction to achieve
the target set by global emission control bodies, more mechanisms need
to be put in place. Thus, deployment of technologies like direct air cap-
ture, Clean Technologies (CT) etc. is necessary. In a gas and renewable
energy system, the use of these technologies will further result into sig-
nificant emission reduction and allow enough time before the carbon
budget exhaustion. Some of these technologies are discussed below.

a. Carbon Capture, Utilization and Storage (Ccus) Technology

Carbon capture, utilization and storage (CCUS) consists of different
technologies with which carbon dioxide (CO,) emissions from fossil fuel
use at large point sources can be captured and transported to safe geo-
logical storage, rather than its emission into the atmosphere (Chalmers,
Leach, Lucquiaud, & Gibbins, 2009)Lucquiaud, &amp; Gibbins, 2009.
Significant amount of emissions can be curtailed with this technology.
There is also the prediction that the technology can lead to about 85%
emission reduction from power plants. However, there will be some as-
sociated energy penalty which will significantly increase the cost of en-
ergy production (Pike, 2006). The technology has three interconnecting
processes which are efficient carbon capturing, transportation to stor-
age site and utilization or permanent storage and monitoring at select-
ed sites. For CO, capture, the three possible mechanisms proposed are
Pre-combustion, Post-combustion and Oxyfuel combustion (Pike, 2006).
Some other Carbon-Capture techniques are classified as emerging tech-
nologies, one of which is the Chemical-Looping Combustion (Technol-
ogy, 2016). After carbon capture follows either its utilization or storage.
CO, can be stored in depleted oil and gas reservoirs, unmineable coal
beds, saline aquifers and basalts (Leung, Caramanna, & Maroto-Valer,
2014). The captured CO, can also be utilized in enhanced oil recovery
processes, food processing and chemical industries. The CO, being used
in industries are those that comes from natural formations, and putting
the captured gas to use would result in a net reduction of carbon emis-
sion (Tan, 2014). CO, utilization could be seen as a better option due to
the controversies and risk attached to the effectiveness of its storage in
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either geologic formations or aquifers. CCUS is a powerful and effec-
tive technology in carbon mitigation from large scale fossil fuel use and
Shell’s Quest is the world’s first known commercial-scale CCUS project.
The Shell’s Quest design is such that annually, more than one million
tons of CO, can be captured and stored permanently- an equivalence of
the annual emission from 250,000 cars (Leung et al., 2014).

CARBON CAFTURE, UTTLTZATION AXD STORAGE (CCTS)

Carbon capture Carbon utihzation Carbon storage

e Pre-commbiaston

Geologic storage
| Post-combuston | Eshanced Cd
Recovery (EOR)
3
| Ohyfinel L Indhuntrial opsrationg Licean $iovage, &t

Figure 10: Carbon capture, utilization, and storage (CCUS).

b. Clean Coal Technology (Cct)

Technologies that allow coal to be used in an environmentally sat-
isfactory and economically viable way are regarded as clean coal tech-
nologies (CCTs) (by fuel type-Exajoules & Emissions, 2006). A basic idea
behind the CCTs is the development of more thermally efficient systems
which will bring about energy efficiency together with proper handling
of the produced flue gasses. Other areas which are regarded as CCTs
include green mining, coal purification, advanced coal conversion, and
the carbon capture, utilization, and storage (CCUS) technologies. Like
the carbon capture technology, the broadest classification of CCT is into
three: Pre-combustion, Combustion and Post-combustion. Processes like
coal washing, wet scrubbing, gasification, electrostatic precipitation fall
under one of these broad classifications (Chang et al., 2016). The various
areas of CCT are shown in Figure 11.
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Figure 11: Clean coal technologies (CCTs) (CBM: Coal bed methane, CFB: Circu-
lating fluidized bed, IGCC: Integrated gasification combined cycle, CL: Coal liquefac-
tion, SNG: Syngas, CCUS: Carbon capture, utilization, and storage). Information in the

Figure 11 were extracted from Chang et al. (2016).

3.2. Emission Reduction Paths

Having investigated the impact of the various energy sources on the
carbon budget, a gas and renewable energy system is seen to have a signifi-
cant but perhaps, not enough impact to reaching the emission and tempera-
ture reduction targets, except with other measures already explained. The
Paris Agreement is aimed at drastic global temperature reduction, but there
is still limited knowledge of how to achieve the set goals (Van Vuuren et al.,
2018). For effective emission reduction goal realization, two things are nec-
essary: developing realistic pathways and setting a path of how to achieve
them. For drastic greenhouse gas (GHG) emissions reduction, different mit-
igation scenarios have been developed using integrated assessment models
(IAMs) (Edenhofer, 2015; Tavoni et al., 2015; Van Vuuren et al., 2007). Pre-
vious works have shown that achieving the ambitious targets of the Par-
is Agreement will require emission reductions combined with net carbon
dioxide removal (CDR) from the atmosphere (Edenhofer, 2015; Tavoni et
al., 2015; Van Vuuren et al., 2007). These will include zero- and low-carbon
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energy transition, energy efficiency increment, carbon capture and storage
(CCS) adoption, non-CO2 GHG emissions reduction, land-use change relat-
ed emission elimination and stimulating afforestation. Approaches such as
carbon capture and storage (CCS) and afforestation are termed carbon di-
oxide removal (CDR) method and associated with several challenges such
as reliance on underground CO, storage and competition for land with food
production and biodiversity protection (Van Vuuren et al., 2018).

Here, we propose CO, reduction targets which will allow an extended
positive carbon budget period if achieved based on a gas and renewable
energy system. The extent of carbon emission is majorly a function of two
things: the fossil fuel consumption ratio (coal: oil: gas) and the ratio of fos-
sil to renewable energy (fossil fuel: renewable energy). A low fossil fuel to
renewable energy ratio is expected to give lower emission. For path 1 and
2, fossil fuel where used refers to natural gas from the year 2025 onwards,
while that of path 3 refers to the year 2030 onwards.

Path 1 scenario is represented by Figure 12 and the associated values
are contained in Table 4. In other to make the path as realistic and feasible
as possible, it is made to begin with a mixed system, similar to the year 2019
fossil fuel consumption ratio of 0.843, with 0.321, 0.392 and 0.287 for coal,
oil and gas respectively. With the same coal, oil and gas ratio, the fossil
fuel consumption shares for the period between the year 2020 and 2025 lies
in-between 0.843 and 0.6 which are the respective ratios for the two extreme
periods respectively. The fossil fuel (natural gas) consumption shares for
the period between year 2025 and 2030 lies in-between 0.6 and 0.2, 2030 and
2035 in-between 0.2 and 0.3, 2035 and 2040 in-between 0.3 and 0.06, 2040
and 2045 in-between 0.06 and 0.03, and finally, 2045 and 2050 in-between
0.03 and 0. The path begins with a fully mixed energy system up to year
2025.
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Figure 12: Emission reduction path 1: (a.) Emissions (b.) Carbon budget.
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Table 4: Emission reduction path 1.

Year | Fos- | Ct Fossil | Coal | OilC | GasC |C_E |O_E | G_E |Et Syrs CB
sil (EJ) C(EJ)) | C(E)) | (B)) (EJ) (Gt) | (Gt) | (Gt) | (Gt) Et (Gt)
Ratio (Gt)

2020 | 0.843 | 669.93 | 564.75 | 18128 | 22138 | 162.08 | 1682 | 1437 | 876 | 39.95 | 3995 | 280.05

2025 | 0.6 704.21 | 42253 | 0.00 | 0.00 | 42253 | 0.00 | 0.00 | 22.84 | 22.84 | 15698 | 123.08

2030 | 0.2 73850 | 14770 | 0.00 [ 0.00 | 14770 | 0.00 | 0.00 | 799 | 7.99 | 77.07 | 46.00

2035 | 0.1 78861 | 7886 | 0.00 |0.00 |78.86 |0.00 |0.00 | 426 |4.26 |30.62 | 15.38

2040 | 0.06 | 83873 | 50.32 | 0.00 |[0.00 |50.32 [0.00 [0.00 |272 |2.72 |17.46 |-2.08

2045 | 0.03 | 899.39 | 26.98 | 0.00 | 0.00 | 26.98 | 0.00 |0.00 | 146 | 1.46 | 10.45 | -12.53

2050 | O 960.05 | 0.00 0.00 |0.00 |o0.00 0.00 | 0.00 | 00O |0.00 [ 3.65 -16.18

Path 2 and 3 scenarios are represented by Figure 13 and 14 respec-
tively. The paths use non conservative values and therefore have very
early carbon budget exhaustion periods. The associated values are con-
tained in Table 5 and 6 respectively. While Path 2 is similar to 1, Path 3
has the earliest carbon budget exhaustion. It begins with a mixed system,
similar to the year 2019 fossil fuel consumption ratio of 0.843, with 0.321,
0.392 and 0.287 for coal, oil and gas respectively. That of year 2025 with
a 0.6 fossil fuel share has a coal, oil and gas ratio of 0.333 for each. The
period between year 2020 and 2025 takes an average of the values of year
2020 and 2025 while the year between 2025 and 2030 takes an average
of the fossil fuel share of 0.6 in year 2025 and 0.3 in year 2030. The fossil
fuel (natural gas) consumption shares for the period between year 2030
and 2035 lies in-between 0.3 and 0.2, 2035 and 2040 in-between 0.2 and
0.15, 2040 and 2045 in-between 0.15 and 0.1, and finally, 2045 and 2050
in-between 0.1 and 0.
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Figure 13: Path 2 (a.) Emissions; (b.) Carbon budget.
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Table 5: Emission reduction path 2.

Year | Fossil | Ct(E)) | FossilC | Coal OilC | GasC |CE OEFE |GE |E SyrsEt | CB(Gt)
Ratio ((2)] cE) |(B) ((2)] G) | @) @G |G | (G

2020 | 0.843 | 66993 | 564.75 | 181.28 | 221.38 | 162.08 | 1682 | 1437 | 876 | 39.95 | 3995 | 280.05

2025 | 0.6 70421 | 42253 | 000 0.00 42253 | 000 | 000 | 2284 | 22.84 | 156.98 | 123.08

2030 | 03 73850 | 22155 | 0.00 0.00 22155 | 000 | 000 | 1198 | 1198 | 87.06 | 36.02

2035 | 0.1 78861 | 7886 | 0.00 0.00 7886 | 000 | 000 |426 |426 |4060 | -458

2040 | 006 | 83873 | 5032 | 0.00 0.00 5032 | 000 | 000 |272 |272 |1746 | -2205

2045 | 003 | 89939 | 2698 | 0.00 0.00 2698 | 000 | 000 | 146 | 146 | 1045 |-3249

2050 | 0 96005 [000 | 000 [000 [o000 [000 [000 |000 |000 |365 |-3614
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Figure 14: Path 3 (a.) Emissions; (b.) Carbon budget.

Table 6: Emission reduction path 3.

Year | Fossil | Ct(E)) | FossilC | CoalC | OQilC GasC | CE OE |GE |E SyrsEt | CB(Gt)
Ratio (B)) (B)) (B)) (B) G) [ [ |Gy |G

2020 | 0843 | 669.93 | 564.75 | 181.28 | 221.38 | 162.08 | 1682 | 1437 | 876 | 3995 | 3995 | 280.05

2025 | 06 70421 | 422.53 | 140.70 | 140.70 | 140.70 | 13.05 | 9131 | 761 | 29.79 | 17435 | 105.71

2030 | 03 73850 | 221.55 | 0.00 0.00 22155 | 000 | 000 | 1198 | 1198 | 10442 | 1.29

2035 | 0.2 78861 | 157.72 | 0.00 0.00 15772 | 000 | 000 [426 |853 |5126 |-4998

2040 | 015 | 83873 | 12581 | 0.00 0.00 12581 | 000 | 0.00 [272 | 680 |3832 |-8830

2045 | 01 89939 | 89.94 | 000 0.00 8994 | 000 |000 |146 |486 | 2916 |[-1175

2050 | O 960.05 | 0.00 0.00 0.00 0.00 000 | 000 |000 |000 |1216 |-1296
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4. Conclusions

Using different energy consumption scenarios, we have investigat-
ed the extent of emission reduction associated with a combined natural
gas and renewable energy system. Using the year 2009 to 2019 data, the
fuel emission factors (FEF) for oil, natural gas and coal were calculated
as 0.06489 Gt/E], 0.05406 Gt/E] and 0.09277 Gt/E] respectively. These
values give an insight into the huge CO, emission associated with coal
and oil, with the coal emission factor almost doubling that of natural gas.
From the least to the most conservative, and with as low as 0.65 fossil
fuel fraction in the consumption mix, all the cases considered showed a
positive carbon budget only within the first 10 years. Case 2 and 3 addi-
tionally shows that a positive carbon budget of up to 20 years requires a
fossil fuel (natural gas) fraction of as low as 0.3 in the consumption mix.
This implies that a full natural gas/renewable energy sysytem, with its
significant emission reduction has limited impact on keeping the carbon
budget positive for an extended period. This also shows that maintaining
a long term positive carbon budget goes beyond the use of low emitting
energy sources. Deploying mechanisms like carbon capture and storage
(CCS) technologies to extract already emitted CO, will go a long way in
complementing such efforts. The proposed natural gas/renewable en-
ergy based emission reduction pathways will go a long way in extend-
ing the positive carbon budget period if adopted. All in all, meeting the
various emission goals requires an abrupt change in the global energy
consumption pattern, a speedy transition to less emitting energy sources
coupled with the deployment of CCUS technologies. Other approaches
include developing new fuels for transport such as advanced biofuels
and hydrogen, improving energy efficiency, rapid decline in renew-
able energy costs, increasing smart technologies, continual technologi-
cal breakthroughs and well-informed policy making. These should take
early effect if significant carbon emission cut and a long term positive
carbon budget is to be achieved.
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PHOTOVOLTAIC-THERMOELECTRIC SYSTEM
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Abstract

Concentrated photovoltaic-thermoelectric hybrid system has high
potential to be considered as a clean energy source, because electrical en-
ergy is generated by both photovoltaic and thermoelectric module. The
hybrid system is a thermodynamic system which has both reversible and
irreversible losses. Energy and exergy analysis of the system can lead to
identifying the sources of the losses and suggest the ways of improving
the system. In this study, a new configuration of the hybrid system is
introduced, and its performance is analysed based on first and second
laws of thermodynamics. The analysis revealed that losses increase with
increase in the optical concentration ratio. Further analysis showed that
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losses will greatly be reduced by making the efficiency temperature co-
efficient of PV as small as possible. It is hoped that the PV manufacturers
will give more attention to reducing the efficiency temperature coeffi-
cient of PV, as doing so, will lead to improvement in the performance of
the PV as well as that of the hybrid system.

Keywords: Concentrated Photovoltaic, Thermoelectric, Energy, Ex-
ergy, Irreversibilities, Performance Evaluation.
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1. Introduction

Many countries are increasingly embracing renewable energy
sources, this is in-line with the need to cut the CO, emissions. One of
the most promising technologies through which a clean electrical energy
is produced is a photovoltaic (PV) system; it utilises energy from the
sun and convert it into electrical energy. Substantial amount of energy
is captured from the sun by coupling concentrators to the PV cells. By
doing so, electrical output of the PV cells increases as well as high ther-
mal energy is produced. The thermal energy if not utilised or dissipated
quickly will raise the temperature of the PV cells. Accordingly, for every
rise in the temperature above the standard temperature test conditions,
the energy conversion efficiency as well as output power will reduce.
Thermal cooling systems such as air-cooled (Agrawal, S. & Tiwari, G.
N., 2012), water-cooled (Gomaa, M. R, R. J. Mustafa & H. Rezk., 2019),
phase change materials (A. S. Abdelrazik, R. Saidur & F. A. Al-Sulaiman,
2020), nanofluid-cooled (S. Soltani, A. Kasaeian, H. Sarrafha & D. Wen.,
2017) have been employed to lower the temperature of the PV system.
Alternatively, the excess thermal energy can be harvested by a thermo-
electric generator (TEG) when thermally coupled to the PV. Therefore,
additional electrical energy will be generated by the TEG (A. Yusuf, N.
Bayhan, H. Tiryaki, B. Hamawandi, M. S. Toprak & S. Ballikaya, 2021).
The combined system is concentrated photovoltaic-thermoelectric hy-
brid system (CPV-TE).

A CPV-TE system is a thermodynamic system in which its perfor-
mance can be evaluated using both first and second laws of thermody-
namics. Energy analysis is conducted using law of conservation of en-
ergy, and it is a measure of how energy is utilised in a thermodynamic
process. While exergy analysis is conducted using the conservation of
mass and energy as well as the second law of thermodynamics for the
analysis, design, improvement of energy through minimising the losses
in the system (A. Duran Sahin, I. Dincer & M. A. Rosen, 2007). Thermo-
dynamic systems have both internal and external irreversibilities which
are considered as losses; energy analysis does not account for those inter-
nal irreversibilities of a system. While exergy analysis considers both the
internal and external irreversibilities, it measures the quality of energy
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which is either consumed or destroyed, it identifies points, magnitude
and sources of inefficiencies in a thermodynamic system (F. Sarhaddi, S.
Farahat, H. Ajam & A. Behzadmehr, 2010).

Energy and exergy analysis of CPV-TE systems have been carried
out by many researchers. Li et al. (D. Li, Y. Xuan, Q. Li & H. Hong, 2017),
used first and second laws of thermodynamics to determine the energy
and exergy output of a CPV-TE system. The analysis showed that a high
concentration ratio in combination with a suitable PV cell will improve
the system’s output efficiency. Singh et al. (S. Singh, O. I. Ibeagwu & R.
Lamba, 2018), performed energy and exergy analysis of a CPV-TE sys-
tem over a wide range of solar radiation. Their results showed that the
output power of the system increased by 86% and the exergy efficiency
is 8% higher than the energy efficiency when the concentration ratio in-
creases from 1 to 3 (A. Riahi, A. Ben Haj Ali, A. Fadhel, A. Guizani &
M. Balghouthi, 2020). Experimentally determined the performances of
CPV/T and CPV/T-TE systems. The electrical efficiency of the CPV/T-
TE system for a sunny day characterised by an ambient temperature of
33 °C and a solar radiation of 935 W/m? increased by 7.46% compared
to the CPVT system (S. Shittu, G. Li, X. Zhao, J. Zhou, X. Ma & Y. G.
Akhlaghi, 2020). Experimentally studied energy and exergy efficiencies
of PV-TE system with micro channel heat pipe. The results showed that
the system generated hot water and higher output power compared to
standalone PV system. Moreover, the results indicated that thermal in-
sulation at the back of the micro channel heat pipe raises the tempera-
ture of the PV, this in turn lowers the overall output performance of the
system (E. Yin, Q. Li & Y. Xuan, 2018). Have shown that the efficiency of
CPV-TE system increase with increase in the reference efficiency of the
PV operating in the system.

In this study, a new trapezoidal copper plate is introduced into CPV-
TE system. The copper plate facilitates heat transfer and ensures uniform
temperature distribution on the hot side of the TEG. To minimize heat
losses, insulation is provided on the sides of the copper plate. Compre-
hensive energy and exergy analysis are presented, and influence of effi-
ciency temperature coefficient on the efficiencies are determined.
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2. Proposed Model

The proposed model as shown in Fig. 1 consists of a concentrator,
PV cell, TE module, insulation and air microchannel heat sink. In CPV-
TE systems, PV is the major source of electrical power and this power
strongly depends on the surface temperature of the PV (T )); the per-
formance of the PV increases as the temperature of the PV approaches
temperature of the reference test conditions which is usually 25 °C. On
the contrary, the performance reduces as the temperature of the PV in-

creases above the temperature of the reference test conditions.

§ 3 1
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Fig. 1. Simplified concentrated photovoltaic-thermoelectric system.

Energy and exergy efficiencies of the proposed model can be de-
rived using the first and second laws of thermodynamics. The energy
balance on the top surface of the PV is given as:

L .-’ll‘" Tg.-".-r=|:-:|.-.u-"'t-:r-1-.r+ .""P_L +0}, (1)

where the term on the left side is the energy into the CPV-TE system,
the first and second terms on the right are the convective and radiative
losses, the third and fourth terms are the power generated by the PV and
energy absorbed by the TE module via trapezoidal copper plate.

Electrical power generated by the PV given in terms of its energy
conversion efficiency is:

P, =0GA, t,n(l—8, (T, —T.]

(2)
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where C, G/ APU are the optical concentration ratio, the solar radi-
ation, and area of the PV cell, T, is the transmissivity of glass, € is the
emissivity of the PV cell, a  is the absorptivity of PV cell, o is the Stefan
Boltzmann constant, T is the temperatures of the PV cell, T, is tempera-
ture at standard test conditions, n, f, are the reference efficiency of PV
and the efficiency temperature coefficient of PV.

Now the heat energy on the hot side of the TEG can be obtained by
knowing the thermal resistance (R, ) between the surface of PV and hot
side of the thermoelements as:

) :Hﬂ ()

While the heat rejected on the cold side of the TEG can be deter-
mined if the energy efficiency of TEG is known at a particular tempera-
ture difference:

Q.=0Q,.[1-n,
(4)
The maximum energy conversion efficiency of a TE module given as
a function of figure of merit and temperatures of the hot and cold sides
is (K. Gaurav & S. K. Pandey, 2017):

T, 8y 1457 +1 (5)

where 1_is the Carnot efficiency, temperatures of hot (T}) and cold
(T) sides of thermoelements, ZT is the dimensionless figure of merit of
thermocouples given as (A. Yusuf & S. Ballikaya, 2020):

T.|5 =35,

T, e !
Jp Rk, (6)

where T, is the average temperature of hot and cold sides, S , is
the Seebeck coefficient, p  is the electrical resistivity, k , is the thermal

conductivity.

For an air-cooled microchannel heat sink, the rejected heat on the
cold side of the TEG can also be given in terms of thermal resistance (R,,,)

between the cold side of thermoelements and cooling air:
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Q=— ; =1m, v A0 L

where T, is temperature of the air at the exit of the microchannel heat

sink, T is the atmospheric temperature, 7, is the number of channels,

v,,= is the mean air speed in the channel, A, =, w,, Vilng, A, | is the

cross-sectional area of the flow, p,, is the density of air, C, is the heat ca-

pacity of air, is the volume flow rate of air, w, is the width of a channel,

h, is the height of channel/fin. Table 1 presents the parameters used in

this study.

Table 1. Parameters of the CPV-TE and cooling system.

Parameter Value
Absorptivity of PV - 0.9

Area of monocrystalline silicon PV cell A, 2.37 x 10?2 m?
Area of TE module A 1.6 x 10°% m?
Area of thermoelement A 2.36 x 10® m?
Atmospheric temperature T, 293 K
Density of air p 1.225 Kg m*

Efficiency temperature coefficient of PV cell

Heat capacity of air

Height of fin

Kinematic viscosity of air
Length of heat sink

Number of channels

PV cell efficiency

Stefan Boltzmann constant
Solar irradiance

Temperature of the sun
Thermal conductivity of copper
Thermal conductivity of ceramic
Thermal conductivity of PV cell
Thermal conductivity of tedlar

Thermal conductivity of air

2
2

=

©
<

O

=

=

g

~

>
a

Q
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=

3
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®
y

X XX, o a

T
<

=X

Ko

)

1x 103 -5x%x 103 K*
1007 J Kg K*
25x10°m

1.516 x 10° m? s
50x 10° m

Nf+1

10x 102 - 25 x 10
5.67x 108W m2 K*
1000 W m?

5777 K

401 W m?tK?

25 W m?tK?

148 W m1K?

0.2 WmtK*

26.3 x 10°W m?*K?
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Thermal conductivity of glass
Thermal conductivity of grease
Thickness of copper plate
Thickness of PV cell

Thickness of tedlar

Thickness of glass

Thickness of layer of thermal grease
Thickness of base of the heat sink
Thickness of copper electrode
Thickness of ceramic plate
Transmissivity of glass

Volume flow rate

Width of heat sink

Width of fin

Width of channel

Wind velocity

o x X
r% o Q Q ) 2 Q Q

~ ~ ~ ~ ~ ~ ™~ ™~

]
3

~
Q

=

s .=

h

Q

<

1.1WmtK?
8 W mtK?
3x10%m
1.35x10*m
7.5x10°m
3x10%m
5x10*m
10x103m
1x10*m
5x10%m
0.95

4.718 x 103 m?3s?
50x10°m
223 x10°m
482 x 10°m

1ms?

The thermal resistance of the microchannel heat sink is given as (R.

Chein & G. Huang, 2004):

RuRvR_+R,

®)

where R, Rmp, Rﬁn are the thermal resistance of the base of the heat
sink, capacitive resistance, and thermal resistance due heat conduction
by the fins and convection from the fins to the flowing air, respectively

defined as:

B =

oA T e —
fl i 1'I:|l '-1':"| |:-'|-:|-' L ]

The thermal resistance that is associated with the fluid flow and the
dimension of the channels/fins is the R and is given as [18]:

K= ] -

ol A=Al —n
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where A is the total surface area of all the fins and un-finned portion,
A, represent the surface area of all the fins, ), is the efficiency of a fin.
These parameters are respectively given as:

A=l -.ln-'__".'l_ T =—w

(12)
A=EN LR (13)
o ulltl I- :f"- ' (14)

where L, , w, are thelength and width of heat sink, w,is width of a fin,
N o={wlhs—w, I/ w +w, i isthe number of fins, m=+2h, /| K, w
, K, is the thermal conductivity of the material of the heat sink which in
this case is copper, while the forced air heat transfer coefficient (1) can
be obtained as:

p KN
- (15)

where K is the thermal conductivity of air, D , is the hydraulic di-
ameter of a channel and is given as:

0 2 |'1Il W,
o= | hr"'""“.-*. (16)

For a laminar flow, the Nusselt number (N, ) can be calculated as (T.
L. Bergman & F. P., 2011):

N.=-L0474936G, .,

where the function aspect ratio (G)) is given as

Wenl yp  (18)
h,
{.-|-¢= 7 5
[HH ;
) h.’
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The corresponding friction factor (f) in the channels and Reynolds
number (Re,,) are denoted as:

(1964 &5 +4.7|
[=4—g—— (9

Wy =i (20)

where p_ is the Kinematic viscosity of the fluid.

Since the system is a forced air-cooled, the power consumed by the
cooling fan should be taken into consideration. The higher the power
consumed by the fan, the higher the cooling it will provide. In this study,
the power consumed by the fan is considered as a constraint, therefore,
its performance is limited. However, the dimension of the microchannel
heat sink is optimized for optimal performance. Power consumed by the
fan is given as a product of volume flow rate and pressure drop across
the heat sink (T. Cui, Y. Xuan & Q. Li, 2016):

P =05fv, n,p.A

L,
gl ¢ F (21)
The net output power of the system which is the useful exergy out-

put is given as:

E K= F.-. L .i-"_L 1 (22)

The exergy into the CPV-TE is given as:

Ex =c_'|:.;,1___l = % {4 L|: ;L |J

(23)

where T_is the temperature of the sun, and the term in the square
bracket is the exergy of solar radiation given by Patela [21].

The energy and exergy efficiencies of the system are respectively

given as:
Ex

E-"'_...._n_l i -!Iﬂl'- TR
1= CGaA.. (24) G, (1-3 7307 | (25)
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3. Results and Discussion

Generally, efficiency temperature coefficient of PV cells is given by
manufacturers, and its typical value is in the range of 0.001 (K') - 0.005
(K1). To understand the influence of the efficiency temperature coeffi-
cient of the PV on the energy and exergy efficiencies of the CPV-TE sys-
tem, four different values of the efficiency temperature coefficients are
used to compute the efficiencies. The variation of temperature of the PV
with the optical concentration ratio is shown in Fig. 2. At optical con-
centration ratio, C = 1, one can see that irrespective of the value of the
efficiency temperature coefficient, the temperatures are almost the same.
The influence of the efficiency temperature coefficients increases with
increase in the value of the optical concentration ratio. At C = 8, the PV
with the lowest efficiency temperature coefficient has the lowest surface
temperature of the PV.
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Fig. 2. Temperature of PV against optical concentration ratio for different efficien-

cy temperature coefficients of the PV.

It will be recalled that the efficiencies of the PV are strongly depen-
dent on the surface temperature of the PV. As shown in Figs. 3 and 4, the
PV with the highest efficiency temperature coefficient () of PV has the
lowest energy and exergy efficiencies. This is due to the high surface tem-
perature of PV with j# = 0.004 (K") in comparison to when the efficiency
temperature coefficient is low. In both Figs. 3 and 4, the efficiencies are
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monotonically decreasing functions of the optical concentration ratio, and
the exergy efficiencies are higher than the corresponding energy efficien-
cies. It can be seen that, even at maximum optical concentration ratio, rea-
sonable efficiencies are obtained for the PV with = 0.001 (K™).
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Fig. 3. Energy efficiency of PV against optical concentration ratio for different

efficiency temperature coefficients of the PV.
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Fig. 4. Exergy efficiency of PV against optical concentration ratio for different
efficiency temperature coefficients of the PV.

The energy and exergy efficiencies of TE module have different be-
haviour from that of the PV. This is because the performance of the TE

module increases with temperature. The highest values of the energy
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and exergy efficiencies of the TE module are obtained for PV with I =
0.004 (K') as shown in Figs. 6 and 7, while the lowest values are obtained
for PV with -f-'pv = 0.001 (K*). Both efficiencies increase and then decrease
with increase in the optical concentration ratio. This is because the TE
module has maximum amount of energy it can convert into electrical en-
ergy. After the point of the maximum power energy is exceeded, further
increase in the heat input will not amount to any significant increase in
the amount of power generated by TE module.
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Fig. 5. Energy efficiency of PV against optical concentration ratio for different

efficiency temperature coefficients of the PV.
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efficiency temperature coefficients of the PV.
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Now the net energy and exergy efficiencies of the system are given
in Figs. 7 and 8. One can see that the efficiencies have the combined be-
haviours of the PV and the TE module. Since the PV is the major source
of the power in the CPV-TE system, the system with the lowest efficiency
temperature coefficient has the highest energy and exergy efficiencies.
Likewise, in all cases, the efficiencies reduce with increase in the optical
concentration ratio. It is found that a CPV-TE with efficiency tempera-
ture coefficient of f§ = 0.001 (K*), will have a reasonable energy and
exergy efficiencies even when operated at high concentration ratio.

e
= 1B
SR ""h-\. S
l-q: 1754 /_\_’L"-\-\.\_‘ oy -\M‘-\-\'\-\.‘
= f e = "M .
- 1 & e T l._\_h-\- "'\-\. -
g 185 —— D U H" H"“'\-\. '\-\,_\_
e LT R - "
E T80 _, iy = 0050 LG “-'-\. h“'\-\.\__
=T o e = 02T LD ™
— 1 ™
L e
150

o 1 2 ] 4 ] L] ¥ L] w
Cplical concantralion ratko

Fig. 7. Energy efficiency of PV against optical concentration ratio for different
efficiency temperature coefficients of the PV.
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4. Conclusion

Thermodynamic systems have both internal and external losses, and
these losses if not checked, will severely affect the performance of the
system. These losses can be reduced and the performance of the system
can be improved through energy and exergy analysis. Here, a concen-
trated photovoltaic-thermodynamic system is analysis based on energy
and exergy performance. The results have shown that the energy and
exergy efficiencies of the system diminish with rise in the value of the
optical concentration ratio, this indicates the presence of high losses at
high concentration ratio/temperature. These losses could be reduced by
making the performance of the PV less sensitive to high temperature.
In other words, both the energy and exergy efficiencies improve when
the efficiency temperature coefficient of the PV is low. Thus, the general
conclusion is that the efficiency temperature coefficient of PV should be
as small as possible for a better performance of a highly concentrated
photovoltaic-thermoelectric system.
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BIYODIZEL URETIMI ICIN YENILENEBILIR
KAYNAKLARDAN KATALIZORLERIN ELDE EDILMESI

Elnura Artykbaeva’

Ozet

Son zamanlarda, fosil kaynaklarinin yetersizligi ve sera gazi emis-
yonlar1 gibi ¢evrenin kaygilar1 nedeniyle alternatif bir yakit dikkat cek-
mektedir. Biyodizel son zamanlarda yenilenebilirligi, stirdtirtilebilirligi
ve petrol bazl dizel ile karsilastirildifinda asgari miktarda CO,, SO, ve
hidrokarbon emisyonu ile petrol dizel yakitinin timit verici bir alterna-
tifi haline gelmistir. Biyodizel, yag asitlerinin monoalkil esterlerinden
olusan petrol dizeli igin yenilenebilir bir alternatiftir ve petrol dizeli ile
benzer fiziksel 6zelliklere sahiptir, ancak yenilenebilir, biyolojik olarak
parcalanabilir, toksik olmayan ve diisiik emisyonlar da dahil olmak
tizere benzersiz avantajlar1 vardir. Biyodizel genellikle bitkisel yaglarin
veya hayvansal yaglarm katalizorlerin varliginda kisa zincirli alkollerle
(genellikle metanol) transesterifikasyonuyla tiretilir. Heterojen katalizor,
ayirma ve yeniden kullanilabilirlik avantajlar1 nedeniyle, transesterifi-

1 Yiiksek Lisans Ogrencisi, Kocaeli Universitesi Miihendislik Fakiiltesi, Kimya Miihendisligi
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kasyon reaksiyonunda ikili bir rol oynar. Son zamanlarda, yenilenebilir
kaynaklardan tiiretilen heterojen katalizorler daha fazla dikkat ¢cekmis-
tir. Agiklanan yenilenebilir kaynaklar arasinda kabuklar, kemikler, bitki
ya da agactan elde edilen kiiller, dogal kaynaklar, biiytik clgekli endiist-
riyel atiklar bulunur. Bu malzemelerden hazirlanan katalizorler biyodi-
zel trtintini daha stirdirilebilir, cevre dostu ve uygun maliyetli hale
getirebilir. Bu calismada, yenilenebilir kaynaklarin biyodizel tiretiminin
katalitik isleminde katalizor olarak kullanilmasi olasiligini arastirild.
Yenilenebilir kaynaklarin biyodizel iiretimi i¢in diisiik maliyetli katali-
z0r olarak yeniden kullanilmasz, kirletici maddelerin en aza indirilmesi,
biyodizelin tiretim maliyetlerinin azaltilmasi ve biyodizelin tamamen
ekolojik olarak {iiretilmesi stirecinin azaltilmasi agisindan incelenmistir.

Anahtar Kelimeler: Biodizel, Yenilenebilir Kaynaklar, Heterojen
Katalizor.
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1. Giris

Son zamanlarda, fosil kaynaklarinin yetersizligi ve sera gazi emis-
yonlari gibi cevre sorunlar1 nedeniyle alternatif bir yakit dikkat cekmek-
tedir (L. Wan, H. Liu & D. Skala, 2014; B. Ali et al., 2018). Biyodizel son
zamanlarda yenilenebilirligi, stirdurtlebilirligi ve petrol bazli dizel ile
karsilagtirildiginda asgari miktarda CO,, SO, ve hidrokarbon emisyonu
ile petrol dizel yakitinin timit verici bir alternatifi haline gelmistir (B. Ali
et al., 2018). Ek olarak, biyodizel, motor modifikasyonu olmadan dogru-
dan motora uygulanabilen fosil dizel ile benzer fizikokimyasal 6zellikle-
re sahiptir (S. Niu et al., 2018). Biyodizel endiistrisinde en ¢ok kullanilan
ticari teknoloji, temel kosullarda triasilgliserit (C,-C,) “yi C,-C, alkoller-
le transesterize etmektir (D. Y. C. Leung et al. 2010). Transesterifikasyon
reaksiyonu su sekilde temsil edilir:

El L]

1
Ll g=Clil Bty TR -CFE B -
| ¢ 9

B i tal van
f['u OLRs 4 ICHON ettt r|'|| O+ ReLOCH,
B 1
CHo-0-C-R, CH-OH Rpl-OhCH,

Trigliverisde Methanol Cilyeersl Merhyl eviers

Genel olarak, K (Na) hidroksit gibi ¢oziinebilir bazlar, hafif kosul-
lar altinda oldukga ytiksek katalitik aktivitelerinden dolay1 transesteri-
fikasyon reaksiyonu igin katalizor olarak kullanilir (F. Su and Y. Guo,
2014). Maalesef, bu homojen katalizorler reaktorlere oldugu kadar zor
geri dontistimlerine de asindiricidir. Sonug olarak, metal oksitler, karisik
oksitler, destekli alkali metaller, zeolitler, hidrotalsitler vb. gibi heterojen
katalizorler, daha az korozyon, kolay ayrilma ve dustik gevre kirliligi
nedeniyle homojen bazlarmn yerini almak tizere genis capta incelenmistir
(M. kumar and M. P. Sharma, 2016).

Son zamanlarda, kataliz alani, yiiksek katalizorlerin yiiksek tiretim
maliyeti ve metal kayiplar1 nedeniyle katalitik islemlerin genel stirdii-
riilebilirligini arttirmak igin ytiksek hacimli yenilenebilir kaynaklardan
turetilen heterojen katalizorlerin kullanilmasi ve gelistirilmesine biiytik
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onem vermektedir (J. A. Bennett, K. Wilson & A. F. Lee, 2016; S. H. Y.
S. Abdullah et al., 2017). Tepkime sirasindaki yiiksek aktiviteleri ve se-
¢imlerinin yani sira, yenilenebilir kaynaklar kaynakli katalizorler ucuz
bir sekilde sentezlenebilir, bu da biyodizel iiretiminin maliyetini daha
da azaltir. Ayrica, katalizorlerde 6zellikle kat1 atiklarda yenilenebilir
malzemelerin kullanilmasi, ¢evre sorununu da kismen ¢6zebilir ve ber-
tarafi ile iliskili maliyetleri azaltabilir, bu da bu yenilenebilir malzeme-
lere katma deger anlamina gelir (S. H. Y. S. Abdullah et al., 2017). Geg-
tigimiz birkag yilda, baz1 makalelerde cesitli yenilenebilir malzemeler
gozden gecirilmistir. Inceleme literatiirlerinin cogu, biyokiitle, yumur-
ta kabugu, nano gozenekli materyaller ve benzeri gibi yenilenebilir tek
malzemeler tizerine odaklanmistir ve vurgular1 da buiytik oranda atik
malzeme tizerine konurken, yenilenebilir malzemelerin smniflandirilmasi
cok acik degildir. Yenilenebilir kaynaklarin uygulanmasinda kritik
bir rol oynayan, arastirma ilerlemelerini, zorluklarini ve yenilenebilir
kaynaklardan tiiretilmis heterojen katalizorlerin gelecekteki firsatlarimni
kapsamli bir sekilde gozden gecirmektir. Bu makale biyodizel tiretimi
i¢in farkli yenilenebilir kaynaklar tarafindan smiflandirilan cesitli kata-
lizorlerin uygulamalar1 arastirilmistir. Kokenlerine gore, bahsettigimiz
yenilenebilir kaynaklar; kabuklar (yumurta kabugu ve yumusakca ka-
bugu), kemikler, bitki / agagtan kiiller vb. Ayrica, gelecekteki zorluk ve
katalizoriin yenilenebilir kaynaklardan gelecegi de goz ontinde bulun-
durulur.

2. Biyodizel Uretimi i¢in Kabuk Tiirevi Katalizorler
2.1 Kabuklar

Yumusakcalardan elde edilen biiytik miktarda kus yumurtasi ve et
ttiketimi nedeniyle, kat1 atik bertarafi sorununa neden olan biiyiik mik-
tarda atik kabuklari tiretilir. Bu kabuk esas olarak CaCQO, igerdiginden,
CaO 600-1000°C ytiksek sicaklikta elde edilebilir (B. L. Salvi & N. L.
Panwar, 2012). Bu nedenle, bu atik kabuklar: basitce kalsine edilebilir
ve biyodizel tiretimi icin katalizor olarak kullamilabilir Kus yumurta
kabuklarinin CaO’nun giivenilir kaynaklar1 oldugu kamitlanmistir (Y.
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H. Tan et al., 2015). En yaygin kus kabugu, tavuk yumurtasidir (M. Ba-
lakrishnan et al., 2011). Transesterifikasyon reaksiyonu icin ilk kalsine
edilmis tavuk kabugu katalizorti, Wei ve dig. calismalarinda yumurta
kabugundan elde edilen CaO katalizorti 1000°C’de 2 saat kalsine edil-
dikten sonra biyodizel icin ytiksek katalitik performans gostermistir
(%95 biyodizel verimi) (Z. Wei, C. Xu, and B. Li, 2009). Ayrica, kata-
lizortin katalitik aktivitesi ilk 13 dongtide kademeli olarak azaldi ve
17.dongiiden sonra kalsiyum hidroksitin goriiniimii nedeniyle tama-
men deaktive oldu. Yenilemeyen yaglarin transesterifikasyonu icin kal-
sine tavuk yumurta kabugu da kullanilmstir (S. B. Chavan et al., 2015).
Reaktiflerle temas eden CaO tiirevinden 6nce yenmeyen yaglarda ser-
best yag asidini ¢ikartmak icin asit katalizli bir esterlesme reaksiyonu
yapilmalidir (B. Ali et al., 2018). Ordek yumurta kabugu, tavuk yumur-
ta kabugu ile benzer bilesenleri sergiler. Yin ve dig. kalsine atik ¢rdek
kabugunun, biyodizel sentezinde umut vaat eden baska bir CaO kata-
lizorii oldugu sonucuna varmislardir (X. Yin et al., 2016). Kus yumurta
kabuklar1 arasinda, boyutu sadece yarim tavuk yumurtasina esdeger
olan bildircin yumurtas: en kiigiigiidiir Cho ve dig. hurma yag: tran-
sesterifikasyonu igin asitle muamele edilmis bildircin yumurta kabugu
katalizortint arastirmislar (Y. B. Cho & G. Seo, 2010). Yogun kiitikiil
tabakasini ¢itkarmak igin asitle muamele edilmis HCI ¢ozeltisi ile kul-
lanildiktan ve daha sonra 800°C’nin iizerinde kalsine edildikten sonra,
sentezlenen katalizor 5 tekrarli kullanim sirasinda stirekli olarak ytik-
sek dontisiim (% 98in tizerinde) tutabilir. Ustelik hazirlanan bildircin
yumurta kabugu CaO, CH,OK’tan daha yiiksek katalitik performans
sergilemis, ctinkii katalizor ytizeyindeki biiyiik gozenekler, yalnizca
biiylik miktarda giiclii bazik bolge saglamakla kalmayip ayrica yag
molekiillerinin gecisini kolaylastirmis. Bir devekusu yumurtasi, diin-
yadaki en biiyiik kus yumurtasidir ve her devekusu yumurta kabugu
yaklasik 15 cm uzunlugunda, 13 cm genisliginde ve 1.4-2.0 kg agirh-
gindadir. 1000°C’de kalsine edildikten sonra, elde edilen CaO, daha
kiictik partikul biiytikltigu nedeniyle kalsine tavuk yumurta kabuguna
(% 96 vs  %94) kiyasla daha yiiksek aktivite gostermistir (Y. H. Tan et
al., 2015). Ozetle, tiim bu atik yumurta kabugu CaCO,’ten olusur ve
CaO igin kaynak malzeme olarak basariyla kullanilabilir. Bu yumurta
kabuklar1 arasinda, icerdigi CaO miktar1 ve hazirlanan CaO’nun ytizey
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alani esas olarak katalitik aktivitesine neden olur. Yumurta kabugunun
dogrudan kullanimina ek olarak, mikrodalga ve ultrasonik yontemler
gibi reaksiyon hizin1 artirmak icin biyodizel sentezinde yardimei tran-
sesterifikasyon teknikleri induklenmistir (P. Adewale, M.-]. Dumont
& M. Ngadi, 2015; I. Choedkiatsakul, K. Ngaosuwan & S. Assabum-
rungrat, 2013). Mikrodalga, temel olarak elektromanyetik radyasyon-
dur (0.3 ve 300 GHz arasindaki frekanslar), dogrudan reaktiflere enerji
aktarabilir ve bdylece yogun lokalize 1sitmaya neden olur ve ¢n 1sitma
basamag elimine edilir ve reaksiyon daha kisa siirede tamamlanabi-
lir (P. Adewale, M.-]. Dumont & M. Ngadi, 2015). Khemthong ve ark.
mikrodalga kosulu altinda (900W mikrodalga giicii), yag asidi metil es-
ter (FAME) verimi, kalsine edilmis tavuk yumurta kabugu katalizorii
tizerinde 4 dakikada bile % 96.7’ye ulasabildigini bulmuslar (P. Khemt-
hong et al., 2012).

Tipik bir yumusakca kabugu olarak salyangoz kabugunun ana bi-
leseni kalsiyum karbonattir (N. A. Oladoja & Y. D. Aliu, 2009). Kalsi-
ne salyangoz kabugunun (900°C’de), atik kizartma yag1 transesterifi-
kasyonu ve biyodizel verimi sirasiyla %87,28 ve %99,58 doniistim ile
miikemmel aktivite gostermistir (A. Birla, B. Singh, S. N. Upadhyay &
Y. C. Sharma, 2012). istiridye kabugu 700°C'nin tizerindeki kalsinas-
yon yoluyla CaO’ya dontisttirtilebilir ve % 73.8 verim ile soya fasulyesi
yaginin transesterifikasyonu igin basariyla kullanmilmistir (N. Nakatani,
H. Takamori, K. Takeda & H. Sakugawa, 2009). Biyodizel tiretimi icin
atik yengec ve kirisik (Anadara granosa) kabuklarini CaO’nun 6nctille-
ri olarak basariyla kullanmistir. 900°C’ de kireclenmeden sonra, karsilik
gelen biyodizel saflig1 yenge¢ kabugu icin %96.5’e ulasabilirken, kiri-
sik kabugu i¢in %97.48 verim elde edilmis (P.-L. Boey, G. P. Maniam,
S. A. Hamid & D. M. H. Ali, 2011). Pers Korfezi kiyilarinda toplanan
atik midyeler, 950°C’den yiiksek kalsinasyon sicakliklarinda CaO’ya
dontistiiriilebilen bir bagska CaCO, kaynagidir. Biyodizel tiretimi igin
CaO katalizorleri elde etmek igin atik midyenin kabugu icin benzer bir
strateji kullanilmistir (R. Rezaei, M. Mohadesi & G. R. Moradi, 2013).
Sonuglar, 1000°C’de kalsine edildikten sonra elde edilen katalizor, tica-
ri CaO’ninkinden daha yiiksek aktivite sergilemis ve biyodizel verimi
% 86’ya kadar ulasabilir (S. Sirisomboonchai et al., 2015).
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2.2 Kemikler

Hayvan kemikleri, biyodizel sentezinde hammadde olarak kulla-
nilabilecek et tiretiminden elde edilen bir gesit yaygin atik trtintdiir
(Sekil 1'de).
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Sekil 1. Biyodizel sentezinde hayvan kemiklerinin kullanimu.

Biyodizel sentezi i¢cin besleme stogu olarak balik kemiginin kulla-
nimt ilk 6nce kalsine balik kemiginin ytiiksek katalitik performansimin
esas olarak yiiksek kalsinasyon sicakliginda p-tri-kalsiyum fosfat olu-
sumundan kaynaklandigini bulunmustur (R. Chakraborty, S. Bepari &
A. Banerjee, 2011). Bir baska calismalarda, atilan balik parcalar1 sadece
hammadde yag1 olarak degil ayni zamanda katalizor olarak da kul-
lanilmasi ve iki asamali bir islemle biyodizel sentezinde denenmistir
(D. Madhu, B. Singh & Y. C. Sharma, 2014). Esterlestirme reaksiyonu
gerceklestirilmis ve atik balik yaginin biyodizel’e ytiksek dontistimii
(% 96>nin tizerinde) elde edilmis. Evcil hayvan kemikleri, esas olarak
Ca,(P0,), ve CaC0, igerir, ayrica triasilgliseritten biyodizel tiretmek
i¢in de kullanilabilir. Ornegin, koyun kemigindeki Ca,(P0,),, 800°C’de
hidroksiapatite dontistuiriilebilir ve bu hazirlanan malzeme tizerinde
%96,78>lik bir yiiksek metil ester (ME) dontistimii elde edilebilir (A. Oba-
diah et al., 2012). Soya yag: transesterifikasyonu icin aktif katalizorler
elde etmek icin kalsine atik sigir kemiginden yararlanilmistir (S. M.
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Smith et al., 2013). Sentezlenen katalizoriin katalitik aktivitesinin esas
olarak CaO igerigine bagl oldugunu bulunmus. Baska bir ¢alismada,
atik kizartma yagindan elde edilen biyodizel tiretiminde atik hayvan
kemigi kullanilmistir. Katalizor olarak dogrudan kullanima ek olarak,
hayvan kemigi, gozenekli yapist ve adsorpsiyon kabiliyeti nedeniyle
iyi destek olarak kabul edildi. Biyodizel tiretiminde, destek olarak atik
hayvan kemiklerinden elde edilen dogal hidroksiapatit kullanan bir
dizi heterojen katalizor arastirilmistir. Ornegin, atik balik (Lates calca-
rifer) kemik destekli bakir katalizorii ve oleik asit esterifikasyonunun
katalizindeki uygulamasi bildirilmis. Baska bir ¢alismada, balik pulu
turevli hidroksiapatit, %59.90 Ni/Ca asit katalizoriin balik pulu ve %
98,40 biyodizel verimi elde edilmistir. Kalsine edilmis hayvan kemigi,
katalizorlerin sentezi igin potasyum tuzlarina (K,C0, ve KOH gibi) des-
tek olarak da kullanilabilir. Deneysel sonuclar, hazirlanan katalizor-
lerin, yiiksek toplam bazliklar1 nedeniyle yiiksek katalitik aktiviteye
(elde edilen verimin% 96’'nin tizerinde) sahip oldugunu ortaya ¢ikardi
(J. Nisar et al., 2017).

2.3 Bitki / Aga¢ Kaynaklarindan Elde Edilen Katalizor

Atik bitki / agac kaynaklarinin katalitik malzemelere uygulanma-
st son zamanlarda ¢ok dikkat ¢ekmistir (M. Balakrishnan, V. S. Batra,
J. S. J. Hargreaves & 1. D. Pulford, 2011). Bitki / agac kaynaklarindan
elde edilen kiil icinde bulunan ¢ok miktarda alkali veya alkali toprak
elementleri nedeniyle, biyodizel tiretimi icin cesitli kiil bazl1 katalizor-
ler arastirilmistir. Tropikal tilkelerde bol miktarda tarimsal kat1 atik olan
yag hurma kiilii (kazan kiilti), hurma yag fabrikasi tiiketimi icin buhar
ya da elektrik tiretmek {izere yag hurma elyafi, cekirdegi, kabuklar1 ve
bos meyve demetlerinin yakilmasindan sonra tiretilir. Kiiliin ana inorga-
nik elemani, temel olarak biyodizel sentezi i¢in ytiksek katalitik aktivite-
sine katkida bulunabilecek K’dir (Retrieved from: https:/ /pubs.acs.org/
doi/abs/10.1021/ef8007954). Lemna perpusilla Torrey, goletlerin su
ytizeyinde dogal olarak yetisen ¢ok kiictik bir su otudur. Rafine Jatrop-
ha curcas L."de kullanilan Lemna perpusilla Torrey kiilii, yag transeste-
rifikasyonu ortak yanmadan elde edilen kil 550°C’de kalsine edilmis.
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Maksimum yag dontisimii %89.43 olmustur. Lemna perpusilla Torrey
kiiltintin ytiksek performansi, esas olarak yiiksek potasyum igeriginden
(%11.3) kaynaklanmaktadir. Benzer sekilde, yiiksek potasyum iceren
kakao kabugu ile jatropha yag: transesterifikasyonu yiiksek katalitik ak-
tivite gostermistir (V. Vadery et al., 2014). Odun kiilu de yiiksek alkali
bir malzemedir. Jatropha yaginin transesterifikasyonunda esas olarak
Ca,Si0,0.05Ca,(PO,), Ca,(P0,), ve yiiksek ester doniistimiinden (% 97-
99) olusan odun kiiltintin elde edilebilecegini buldu (B. L. Salvi & N. L.
Panwar, 2012).

Baska bir calismada hus kabugundan elde edilen kiilii (bir tiir odun
kiilti) kullanmuslar ve elde edilen sonuglar hus kabugundan elde edilen
odun kiiliniin CaO’dan olustugunu ve bunun da iyi katalitik perfor-
mansa yol actigini gostermis (B. K. Uprety, at al, 2016). Kalsine edilmis
muz kabugu kiilii baska bir tiir yeni kiil bazli katalizor olarak deger-
lendirilmis (M. Gohain, at al, 2017). Sadece agik havada yanmis ve bir
Muffle firminda kalsine edilmis, elde edilen kiil, biyodizel tiretimi igin
oldukga etkili sonuglar vermis. K8 ve CaO varlig, yiiksek katalitik ak-
tivitesine baglanir. Kiiliin katalizor olarak dogrudan kullanilmasina ek
olarak, transesterifikasyon reaksiyonunda kiil bazh katalizériin aktivite-
sini arttirmak icin bir dizi modifiye yontem arastirilmistir (W. W. S. Ho,
atal.,, 2012; W. W. S. Ho, at al., 2014).

3. Sonug¢

Bu makalede biyodizel sentezinde heterojen katalizorlerin sentezi
i¢cin hammadde olarak kullanilacak yenilenebilir kaynaklar arastirildi.
Yukaridaki boltiimlerde anlatildig: gibi, yenilenebilir kaynaklardan he-
terojen katalizorlerin kullanilmasi biyodizelin sentezini daha stirdtiri-
lebilir hale getirebilir ve cevre sorunlarmna karsi koyabilir. Yukaridaki
arastirmada, yenilenebilir kaynaklardan tiiretilmis katalizoriin katali-
tik aktivitesini etkilemek igin {i¢ anahtar nokta oldugu diistintilmekte-
dir: (1) yenilenebilir kaynak malzemenin tiirti, (2) modifikasyon yon-
temleri ve (3) kalsinasyon sicaklig1. Yenilenebilir kaynak malzemenin
ttrt, biyodizel tiretimi icin uygulamasinda 6nemli bir rol oynamuistir.
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Bununla birlikte, bircok yenilenebilir malzeme kalsinasyondan sonra
bile hicbir katalitik aktiviteye sahip degildir. Katalizor olarak kullanil-
madan once degistirilmeleri gerekir. Degisiklik yontemleri iki gruba
ayrilabilir. Bir grup, yardimci yontemler olsa da (yardimei ¢oziicii, hid-
rasyon, mikrodalga, vb.) Yenilenebilir kaynak materyalden tiiretilmis
katalizortin katalitik etkinligini arttirmak igindir. Diger grup, biyodi-
zel sentezinde aktif hale getiren aktif fazlar1 (H,S0,, K, Ca tuzlar1 vb.)
Yiiklemek i¢in 6zel yapisini (genis ytizey alani gibi) kullanmaktir. Kal-
sinasyon sicaklig1 da katalitik aktivitede onemli bir rol oynar. Ciinkii
CaO katalizoriiniin yiizey alani kalsinasyon sicakligindan belirgin
sekilde etkilenebilir. Bu katalizorler transesterifikasyon reaksiyonunda
kabul edilebilir bir katalitik etkinlik sergilemelerine ragmen, bu yesil
katalizorler icin hala zorluklar vardur. Ilk olarak, CaO, K,O, Caveya K
destekli katalizor gibi cok sayida yenilenebilir kaynak katalizort ge-
nellikle reaksiyon ortaminda deaktivasyon, zehirlenme ve sizint1 prob-
lemleri vardir.

Ornegin, yenilenebilir kaynaklardan tiiretilen saf CaO katalizorii
icin devre dis1 birakma nedenleri asagidaki gibidir: (1) CO, ve H,0 ha-
vada mevcut ve katalizortin CaO ytizeyiyle reaksiyona giren reaktif;
(2) reaksiyon sirasinda katalizor ytizeyinde kalsiyum digliseroksit olu-
sumu ve (3) Ca?* iyonlarinin CaO ytizeyinden siiziilmesi. Bu problemi
¢6zmenin bir yolu CaO ile MgO, ZnO, SiO, gibi diger oksitler arasinda
kompozit oksitler olusturmaktir. Bu nedenle, gelecekteki ¢alismalari-
mizda transesterifikasyon reaksiyonu icin daha kararli ve yiiksek ve-
rimli kompozit oksitler katalizoérti bulmak ¢cok daha énemli bir yontem
olacaktir. Yenilenebilir kaynaklarin katalizorlerinin cevresel faydalari,
biiyiik miktarda ¢oziicti veya tehlikeli / toksik kimyasallar, enetji yo-
gun 1s1 veya basing sistemleri veya pahali ticari katki maddeleri kulla-
nilarak sentezlenmeleri durumunda ihmal edilebilir. Biyodizel tiretimi
i¢in katalizorler alanini daha fazla kesfetme ihtiyacina ragmen, yeni-
lenebilir kaynaklardan tiiretilen katalizorler tizerinde yogun ve cesitli
arastirmalar yapilmasi potansiyeli, endiistriyel seviyede biyodizel tire-
timi i¢in heterojen bir katalizor olarak potansiyelini gostermektedir.
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USING LANDSAT IMAGERIES AND
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Abstract

Marand plain is one of the most critical areas in northwestern Iran
regarding its groundwater status. Almost all of the residents” potable
and cultivation water need is catered by groundwater. In this study,
the Spatio-temporal variations of groundwater and its associations with
soil salinity were investigated. The hydrograph and kymograph analy-
sis were done to unearth the temporal variations of groundwater level
and salinity respectively. According to the hydrograph of the region, the
water table of the aquifer has experienced a descending trend with an
annual decline of 96 cm from 2003 to 2011. The kymography analysis
suggests that there is an ascending trend in the electrical conductivity
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(EC) of the groundwater with more than 17 microsiemence increase in
the same period. The salinity index extracted from Landsat TM process-
ing is an indicator of the soil salinity of the plain. The area-averaged time
series of the Soil Salinity Index (SSI) also shows an increasing trend at
the same period which is in almost complete agreement with the varia-
tions of groundwater EC (r = 0.92). The SSI also turned out to be highly
correlated with the water table fluctuations with a correlation of -0.75.
The spatial variability maps of the study area were generated using the
Kriging interpolation technique. According to the spatial maps, it’s also
found that the southern part of the region has suffered the most water
level fall while the central and western areas show water level rise. The
EC map also suggests that the salinity level has decreased in the west
and a small part of the east through the central plain shows a salinity
increase.

Keywords: Groundwater Degradation, Soil Salinity, Marand Plain,
GIS, Landsat.
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1. Introduction

Water resources stored in aquifers beneath the land have been play-
ing a vital role in supporting human beings’” water needs either in agri-
cultural or industrial sectors for many decades. These resources have a
critical stance in arid and semi-arid regions (Sahfiei, 2008) of the world
on account of the increased need for freshwater as a result of popula-
tion growth, on one hand, and the climate changes impacts on the other
hand so that the majority of the aquifers located in these regions now
are facing with grave challenges. About 99 percent of the world’s liquid
water is stored in underground strata which are used by one-third of
the total population (Jackson et al., 2001). In arid and semi-arid regions,
the dearth of precipitation and surface waters lead to the utmost reli-
ance of these areas to groundwater resources in supplying the required
water for human use in agriculture, household, and industry (Khorrami
and Gunduz, 2018) which in recent years has brought out the decline of
the groundwater table.

There is a bilateral interaction between groundwater and surface
water resources. The groundwater fluctuations can impact the quality
of water in terms of increased salinity which may be detrimental to hu-
man life as well as agricultural products. It may also change the quality
of soil by the interactions between groundwater and surface soil which
is deemed an unpleasant aspect of groundwater shrinkage especially
for agricultural and environmental applications (Elhag, 2016; Asfaw et
al., 2018). Soil salinization is considered a global problem, especially in
arid and semi-arid regions. The negative impacts associated with soil
salinity are manifested as the lowered quality of soil and water thus,
diminished quality and quantity of crops (Hashem et al., 2010; Abbas et
al., 2013; Didi et al., 2019) with an estimated yield loss of 30 and 80 % in
moderate and high saline farms respectively (Ibrakhimov et al., 2007).
The depth and salinity of groundwater are among the main causative
factors of soil salinization (Ibrakhimov et al., 2007). Assessment of the
temporal and spatial changes of GROUNDWATER and soil quality is
a necessary practice to guarantee sustainable development plans. The
association between groundwater fluctuations with water quality and
soil characteristics like soil moisture, soil salinity, and vegetation cover-
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age is widely studied worldwide (Ibrakhimov, 2005; Bristow et al., 2006;
Abbas et al., 2013; Yan et al., 2015; Korkmaz et al., 2015; Abliz et al,,
2016; Fontes Junior and Montenegro, 2017; Horriche and Benabdallah,
2020; Jarraya Horriche and Benabdallah, 2020).

Remote sensing materials and techniques accompanied by the ana-
lytical capabilities of Geographic Information Systems (GIS) have paved
the way for more convenient and costly-effective monitoring of ground-
water fluctuations and soil characteristics. The satellite imageries pro-
vide a useful means for detecting and mapping soil salinity based on the
reflective characteristics of the soil surface. The suitability and accuracy
of this approach for remote assessment of soil salinity have been ap-
proved through several studies in recent years (e.g. Lhissou et al., 2014;
Elhag, 2016; Azabdaftari and Sunarb, 2016; Elhag and Bahrawi,2017;
Nguyen et al., 2020; Ghazali et al., 2020). On account of the bare role
of groundwater and soil quality in sustaining economic and environ-
mental progress, it seems mandatory to surveil the water quantity and
quality in aquifers and the quality of soils in farmlands.

Locating on the arid belt of the world, Iran has been engaging with
groundwater crisis in the aftermath of changes in the global and region-
al climate and mismanagement of the resources in recent decades so that
most of the aquifers across the country are in a dicey situation regarding
groundwater quantity and quality as well (Nabavi, 2018). There are 609
aquifers in Iran, from which the number of aquifers categorized under
the ‘restricted” class has increased from 150 in 2000 (Larijani, 2005) to
402 in 2018 (MOE, 2019). The majority of water need in the Marand
plain is supplied from its aquifer mostly for drinking and cultivation
purposes. Farming is the main income source for the residents of the
region. The extraction of groundwater storage has increased sharply in
recent years due to a lack of precipitation and insufficient surface wa-
ter. Thus, groundwater is an important water supply for this area. The
current study aims mainly at monitoring the groundwater fluctuations
and their associated impacts on groundwater salinity as well as soil sa-
linity and green coverage over time using satellite imageries and in situ
observation.
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2. Methodology

2.1 Study Area

The Marand plain, in the center of the Marand aquifer, is located within
the geographic coordinates of 45-15 to 46-05 E and 38-18 to 38-46 N (Khorra-
mi et al., 2018) in the province of East Azerbaijan, NW Iran (Figure 1). More
than two-thirds of the Marand aquifer is mountainous with the maximum,
minimum, and elevation ranges of 3137 m, 1005 m, and 2132 m respective-
ly. With an average elevation of 1050m, the Marand plain is located in the
southern part of Marand county (Khorrami and Gunduz, 2019). The Ma-
rand plain is known as a part of the Caspian Sea basin in the north (Najib,
2002). The region has a semi-arid climate, with a mean annual precipitation
of 236 mm and a maximum temperature of 40.6°C in summer, and a mini-
mum temperature of -22.5°C in winter (Lashkaripour et al., 2005).

2.2. Materials and Methods

The required groundwater quantitative and qualitative database for
this study was obtained from the Regional Water Company. Checking
and organizing the data, 20 wells with a suitable temporal and spatial
overlap were selected for 9 years from 2003 to 2011. The location of the
sampling wells is shown in Figure 1.

Figure 1. The geographic location of the Marand plain with the sampling wells (a), the
location of the plain in NW Iran (b), and the Thiessen network of the groundwater wells (c).
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The Landsat TM (5) imageries with the scan characteristics of
pass:169 and row:33, were received from the USGS web portal (https://
earthexplorer.usgs.gov/). The selection of TM imageries was done ac-
cording to the image selection criteria such as the minimum cloud cover-
age and maximum temporal similarity.

2.2.1. Groundwater Hydrography

The water table in a given aquifer responds to any change in the stor-
age of the aquifer so that storage increase rises the water table and vice
versa. This response of an aquifer can be illustrated and studied through
groundwater hydrography assessment (Kumar, 2014). A hydrograph is a
kind of chart in which the correspondent temporal changes of the water
table are drawn to get an overview of groundwater level trends within a
specific time.

To fit the selected wells to the spatial extent of the area, the Thiessen
network was established in the ArcGIS environment. The Thiessen tech-
nique generates polygons as boundaries around each sampling point (tar-
get) which contains any point relating to that target (Huisman and De by,
2009). Table 1 has the characteristics of the applied wells in this study. Us-
ing the individual polygon areas and the water level of the correspondent
wells, the mean annual values of groundwater level for each well were
calculated and consequently, the plain’s hydrograph was drawn.

Table 1. The characteristics of the applied piezometric wells.

D Well Name caﬁonLI‘]’)' UTM (X) U%‘% Arg‘gfﬁf;;
1 Abarghan W, 579250 4257600 32.77
2 Asadagi W, 575050 4257700 42.95
3 Bahram W, 562400 4254600 29.13
4 Charchar W, 563650 4267000 29.27
5 Dolatabad W, 569500 4258750 48.60
6 Galeban W, 548012 4264039 46.05
7 Hosein Beig W, 554550 4257200 23.16
8 Kandlaj W, 564700 4249400 25.82
9 KoshkSaray W, 549050 4254650 31.32

10 Markid W 554500 4260400 22.66

5
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11 Qaﬁ;ﬁ W, 541550 4265450 42.82
12 Moha%ﬁ{g W, 548150 4261850 12.39
13 Moha?nﬁ{z W, 548150 4260750 26.73
14 Qirkhlar W, 534200 4262650 57.80
15 Gazafar W, 536500 4258800 38.08
16 Sari Tape W, 570550 4261450 20.23
17 Marand W, 560050 4256500 26.63
18 Qishlaq W, 540100 4257400 47.68
19 Yalguz Agaj W, 557850 4260050 19.83
20 Yamchi W 557700 4262700 37.91

IS}
S

2.2.2. Groundwater Kymography

Water salinity is defined as the number of dissolved ions and parti-
cles in water. The groundwater salinity in an aquifer is evaluated using
the Electrical Conductivity (EC) measurements and is a very important
quality index due to its impacts on human life. The EC records of the
selected wells in the study area were used to study the fluctuations of
the groundwater salinity. Kymography is a process like a hydrography
analysis, which represents the space-time water quality changes in an
aquifer using the chemical analysis results of water samples (Rostamza-
deh et al., 2016).

2.2.3. Spatial Variability

Geostatistics

GIS has got a great potentiality in geographic/environmental data
analysis especially in water resources studies thanks to its robust analyti-
cal capability. One of the most used analytical tools in GIS is geostatistics
by which the spatial structure of geo-related data is examined to be used
in data analysis (Rajaei and Pouraslan, 2015). In general, geostatistics is a
process with which the value of a sampled parameter is estimated for an
unknown location using the values measured in known locations (Khor-
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rami and Gunduz, 2019). There are different interpolation methods in
geostatistics to use regarding the characteristics and nature of the data.
Taking its high accuracy (Qahroodi, 2002) into account, the Kriging tech-
nique was applied to the groundwater wells to derive temporal maps of
the water level and salinity of the Marand plain. The Kriging interpola-
tion model is an estimation technique based on the ‘weighted moving
average’ which is described as the following expression:

=Y AZ,
2= mi @

Where Zsi is the measured value at the ith location, Ai is an unknown

Z

weight for the measured value, and SO is the prediction location and N is
the number of measurements (Qahroodi, 2002). Since the weights (Ai) in
this method depend on both the distance between the samples and their
spatial autocorrelation, Kriging goes through a two-step process: 1. Spa-
tial autocorrelation analysis of the sample points 2. Surface prediction
(Interpolation) (Meena, 2017). In this study, the step procedure followed
for databases to create the desired surface map layers.

Change Detection

Change detection is a detection process of changes/differences in
the quantity or quality of a feature in a period of time (Lu et al., 2004).
This technique is applied in a GIS environment comparing two raster
layers representing the same feature or quality with the same spatial lo-
cation during different times. The raster layers created for each param-
eter of the study were used to generate change detection maps so that
the spatial extent of the variations that occurred for each parameter was
revealed.

Soil Salinity Index

The traditional approach of measuring soil salinity is based on the
EC measurements from soil samples of a given area (Rhoades, 1990).
Though the field observations are accurate, the restriction associated
with this traditional approach makes it laborious and extravagant in
data analysis and studies. Image processing has become an impressive
method in gaining information about the Earth’s surface features with-

184



EVALUATION OF THE ASSOCIATIONS BETWEEN GROUNDWATER FLUCTUATIONS AND SOIL SALINITY

out direct contact (Aggarwal, 2004). Based on the spectral signature of
soil particles on satellite imageries, characteristics of the surface soil such
as moisture content, vegetation coverage, soil quality, etc. can be detect-
ed and studied through image processing. In the current study, the sa-
linity of the surface soil of the study area was evaluated based on the
salinity index derived from the Landsat 5 (TM) imageries. Soil Salinity
Index (SSI) is one of the widely used remotely sensed indicators (Dehni
and Lounis,2012; Abbas et al. 2013; Allbed et al. 2014) which is calculated
by the following formulas:

SSI = SR« NIR (2)

R and NIR stand for the ‘Red” and ‘Near Infrared” respectively which
correspond with Bands 3 and 4 of Landsat TM imageries.
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Figure 2. Graphical Illustration of the study workflow.
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3. Results and Discussion

3.1. Investigating the temporal fluctuations of the water table and
EC

To discover the temporal variations of the plain’s groundwater
quantity and quality, hydrograph and kymograph graphs were used re-
spectively to have an overview of their trends. The resulted hydrograph
depicts a descending trend in the water level of the aquifer with an ap-
proximate decline of 8.6 m from 2003 to 2011, which corresponds to an
annual drop of 96 cm. The aquifer’s kymograph shows a total amount of
65 microsiemens increase which equals about 7 microsiemens per year.

Figure 3, shows the temporal interactions between groundwater and
salinity. Based on this graph, there is a strong interactive association be-
tween the water table and EC fluctuations (R: -0.66). The graph reveals
that the more the groundwater level shrinks during the time, the more
the water salinity increases. This is in agreement with the findings of
Sarah (1997). Although, a number of influential parameters impact the
variations of the groundwater electrical conductivity, the increase of the
water salinity in the Marand plain can mainly be associated with the
groundwater depletion due to the excessive water withdrawal particu-
larly for agricultural purposes (Lashkaripour et al., 2005).
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Figure 3. Temporal Interactions between the water table and groundwater salinity
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3.2. Associations of SSI with the water table and EC

The temporal associations between the variations in groundwater
level and salinity with soil salinity were analyzed through simple sta-
tistical analysis of regression modeling. The association between the
groundwater EC and soil salinity index (SSI) (Figure 4) shows a very
high agreement with a correlation of 0.9 which suggests that the soil sa-
linity of the study area is controlled directly by the groundwater salinity
so that the variations of groundwater salinity can be modeled perfectly
based on remote sensing imageries of Landsat satellite.

The temporal interactions between the groundwater level and soil
salinity also indicate a high negative correlation (R: -0.72) which accen-
tuates that the soil quality of the plain is affected by the variations of
groundwater. The increase in the level of groundwater brings about a
decrease in soil salinity and vice versa. And this is mainly because of the
side-effects of the groundwater variations.

The linear regression graphs of EC-SSI, EC-water table, and water
table-SSI are given in Figures 5-a, b, and c respectively. The associations
of all the graph variables are statistically significant at 0.01 level. The
regression coefficient for EC and SSI is the highest (0.83) which again
indicates the best performance of the model in predicting each variable.
The regression model for water table-EC and water table-SSI seems also
good with regression coefficients of 0.44 and 0.52 respectively.
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Figure 5. The Statistical association between the study variables.

3.3. Spatial Variability of the SSI, EC, and the Water Table

The variability of groundwater level, EC, and SSI in the spatial do-
main was investigated by portraying the spatial dispersion of the vari-
ables using the Kriging Geostatistical method. Figure 6 shows the spatial
distribution of groundwater level, EC, and SSI. According to the maps,
the eastern and central southern parts of the plain are more problematic
concerning their water table status where the highest water level decline
has occurred. The western and central northern parts, on the other hand,
show a water level increase. Since the changes mimic the surface slope of
the plain with a dominant east-west pattern (Lashkaripour et al., 2005),
It can be inferred that the surface topography of the plain affects the
discovered spatial pattern of groundwater level changes. Furthermore,
the volume of the agricultural activities is high in the westerly flank of
the plain which yields in the over-exploitation of the aquifer storage and
as a results groundwater decline in the west. The EC maps also portray
almost the same pattern as water table maps. The water salinity map of
2011 indicates that the severity of water salinity level has shifted mainly
to the west which is ascribed to the groundwater decline in the west of
the plain. SSI maps for 2003 and 2011 depict almost the same pattern
with more concentration of the increased salinity in 2011.
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Figure 6. Spatial Illustration of the variations of the water table, groundwater,
and soil salinity during 2003 to 2011.

In order to unearth the transpired changes in the spatial context, the
changes detection technique was applied to the raster layers of corre-
sponding parameters. The change detection maps are illustrated in Fig-
ure 7. According to that, the highest decline in groundwater level was
revealed to be 8.2 m which has occurred in the central south of the plain.
The western and central parts show water level rise during the same
period. The salinity change map indicates that the salinity rate has de-
creased in the west and a small section of the east while the center shows
a salinity increase. Looking at figure 7, slight spatial relation is seen be-
tween groundwater level and salinity changes so that the decreasing wa-
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ter level associates with salinity increase in the west. On the contrary, the
zones of water salinity rise overlay the zones with water level rise in the
south. The change detection map of SSI shows increased salinity which
is chiefly vivid in the east of the plain. The decreased salinity index val-
ues are also more concentrated in the western parts. Although the visual
interpretation of the SSI variations is challenging due to the small-scale
changing zones apparent in the SSI change map, the overall variations
seem harmonious with that of the water table and EC.
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Figure 7. Spatial Illustration of the variations of the water table, groundwater,

and soil salinity over the study area from 2003 to 2011.

4. Conclusions

Groundwater plays a critical role in sustaining the water need of
different sectors in the Marand plain. The main recharging source for
the groundwater aquifer of the plain is precipitation whose dramatic
variations on account of the climate change impacts have caused severe

(1]
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challenges for the residents of the region. The variations of groundwater
quantity and quality impact the soil coverage. The main activity of the
residents of the region is agriculture therefore knowledge of the quantity
and quality of groundwater and soil of the region is of utmost impor-
tance for the continuation of the economic activities as well as normal
human life which necessitates monitoring of the groundwater variations
and its associations with soil quality. In this premise, assessment and
analysis of the fluctuations of groundwater level and quality were set as
the main goal for the current study to find the temporal and spatial vari-
ations of groundwater salinity and its possible interactions with ground-
water level fluctuations. The associations of the varying groundwater
level and salinity with soil salinity were also investigated. The results
from hydrography analysis indicate that during the study span (from
2003 to 2011), the Marand aquifer has suffered from an annual water
table drop of about 96 cm. The kymography analysis also resulted in the
17 microsiemence increase in the groundwater salinity over the same
time. The regression modeling resulted in a high association between
the groundwater level fluctuations and that of water EC and soil salin-
ity. To sum up, the findings of this study suggest that using remotely
sensed data integrated with GIS tools, is a suitable means to implement
groundwater and soil quality surveillance practices to provide useful in-
formation regarding the Spatio-temporal changes of these parameters
over time.
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RARE EARTH ELEMENTS IN INDONESIA

RARE EARTH ELEMENTS IN INDONESIA:
PRELIMINARY DISCUSSION ON REGULATION,
RESOURCES AND FUTURE POLICY PARADIGM

Syamsul Hidayat'

Abstract

This paper seeks to discuss Rare Earth Elements (REE) in Indone-
sia. This study elaborates required issues and puts regulations, resources
and policy paradigm in one frame of discussion and analysis. In the new
existing regulation, it is clearly stated that REE is grouped in metallic
mineral group. This emphasized is positive for REE business permits
and can avoid conflict of management in the field. Resources data from
various studies and potential resources that have not been researched in
detail indicate that amount of REE resources and reserves in Indonesia
can still continue to grow. Export restriction for REE and initiation of
Indonesia’s long-term REE based strategic projects can be considered as
part of policy paradigm. Considering unrenewable resource of REE and
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limit existing resources anticipation in the future, creative approach to
discover and extract new resources is another new reasonable paradigm.
Characteristics of Indonesian nature are unique factors that encourage
complexity of environmental protection and it will be significant chal-
lenge for the environmental protection action plan.

Keywords: REE, Regulation, Resources, Policy Paradigm.
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1. Introduction

The issue of Rare Earth Elements (REE) is one of the serious con-
cerns in Indonesia’s mining policy. Researches on REE that have been
continuously promoted in the last few years will also continue to be car-
ried out for the next years. Valuable information in the previous research
will become as additional input points and references for the Indonesian
government related to the management of REE in the future. In addition
to other resources, tailings and by-products of raw material processing
are among of REE resources in Indonesia. REE resources are also getting
special attention because of the strategic benefits of this commodity for
industries such as transportation, electronics, military and etc. Down-
stream processing of mineral policy approach and strategic issues of
REE at international level have encourage influence effects on mineral
policy, including policy on REE in Indonesia.

Studies related to REE in Indonesia are commonly conducted sepa-
rately according to the existing topics. There are studies related to tech-
nical issues of mineral content, issues related to technical enrichment,
analysis refer to different kind of resources and other various issues. Ros-
ita et. al., (2020), characterized three Indonesian coal fly ashes obtained
from coal-fired power plants in Indonesia, the characterization results
showed that the ashes had a critical REY (rare-earth elements and yttri-
um) content exceeding 38 % (Rosita, et al., 2020). Purwadi et. al., (2019)
conducted study on REE in tin mining tailings. Tailing samples were
collected from two tin mine tailings in Bangka Island. Results showed
that the tailing samples were identified as quartz and contained a high
amount of erbium between 111.6 and 3768.4 pg/ g (Purwadi, et al., 2019)
Maulana et. al., (2014) reported the geochemistry of rare earth elements
(REE) in the weathered crusts of granitic rocks at Mamasa and Palu Re-
gion, Sulawesi Island. The result shows that the total REE content of the
weathered crust are relatively elevated compared to the parent rocks
(Maulana, et al., 2014). Warmada et al. (2007) reported fluid inclusion,
Rare-Earth Element and stable isotope study of Carbonate Minerals from
the Pongkor Gold - Silver Deposit, West Java. The study shows that the
abundance of rare earth and yttrium (REY) in carbonate samples is very
low ()REY mostly < 2 ppm) (Warmada, 2007). Putra and Sobirin (2018)
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reported result of mapping Apatite-Ilmenite Rare Earth Element miner-
alized zone in Sijuk Distric, Belitung Island. Alteration, geological struc-
ture, and lithology data were used as variables. The study concluded
that utilization of this mineral in Sijuk district is still not very good even
though the statistical data shows the amount of potential abundance of
apatite-ilmenite mineral in that location (Putra, M. L. J., Sobirin, 2018).

Study on REE from multiple perspectives is urgently to be per-
formed. It is important because of interests of resource utilization and
scope policy related to REE in the future under the Indonesian new min-
ing law. Based on several important issues of mining such as implement-
ing of downstream processing of minerals, mining policy critical issues,
technical and general issues of studies on REE that have been carried
out, it is necessary to conduct study on REE in Indonesia which lays
down regulations, resources and projections of policy opportunities in
one frame of discussion and analysis.

2. Material and Methods

This paper contains study of REE and its related issues, by taking
case studies in Indonesia. Literature study based on published journals
and conferences and reports from various sources is the approach to
achieve the objectives. Data and information on regulation, resources
and policy approach related to REE were collected from previous sourc-
es to support discussion in the paper. Based on collected data and infor-
mation, substantial analysis and conclusion are submitted in the end.

3. Result
3.1. Policy and Regulation

Indonesia’s mining policy entered new phase when Law 4/2009 was
issued. This law was valid for 11 years until an amendment was made
with the enactment of Law 3/2020. The Omnibus Law 2020 also contains
articles related to mining policy. Many new issues are regulated in these
2 laws, one of the important issues is the obligation to process raw mate-
rial domestically. Classification of Mineral commodities into 5 groups of
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minerals, namely radioactive minerals, metallic minerals, non-metallic
minerals, rocks and coal provides details between groups and for differ-
entiating permits in the field. These two laws generally classify mineral
commodities in same manner but in their derived rules there are differ-
ences in details of each group. The difference lies in the details of which
minerals are classified in radioactive group and which minerals are clas-
sified in metallic group, this detail directly related to REE.

Rules related to REE can be referred to the Mining Law and its
derivative regulation. Mining business, according to article 34 of Law
4/2009, can be operated into five classified groups as mentioned above
consisting of radioactive minerals, metallic minerals, non-metallic min-
erals, rocks, and coal (Republik Indonesia, 2009). Law 4/2009 has been
amended through Law 3/2020 and the Omnibus Law 2020. The updated
derivative rules concerning the elaboration of these groups of mining
commodities are contained in the Government Regulation No. 96/2021
(Presiden Republik Indonesia, 2021; Republik Indonesia, 2020). Mineral
grouping that are indirectly related to REE in the old regulations is con-
tained in Government Regulation No. 23/2010 which has been revised
several times, fifth revised was issued as Government Regulation No.
8/2018 (Presiden Republik Indonesia, 2018; Presiden Republik Indone-
sia, 2010). Types of radioactive minerals and metallic minerals in that
old regulation are mentioned in article 2 paragraph 2a stated that radio-
active minerals include radium, thorium, uranium, monazite, and other
radioactive minerals. Under the old rules as can be seen in above article,
mineral such as monazite (which can contain REE) are still included in
the radioactive minerals group. According to new regulation types of
radioactive minerals and metallic minerals are mentioned in Govern-
ment Regulation No. 96/2021 article 2 (Presiden Republik Indonesia,
2021). In article 2 paragraph 1a stated that radioactive minerals Include
uranium, thorium, and other radioactive minerals. Article 2 Paragraph
1b states that metallic minerals include: aluminium, antimony, arsenic,
basnasite, bauxite, beryllium, iron ore, bismuth, cadrnium, cesium, gold,
galena, gallium, germanium, hafnium, indium, iridium, chrome, kcbai,
chromite, lithium, rare earth elements, magnesium, manganese, moiib-
denum, monazite, nickel, niobium, osmium, iron sands, palladium, sil-
ver, platinum, rhodium, ruthenium, selenium, zinc, senodm, cinnabar,
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strontium, tantalum, tellurium, copper, tin, titanium, vanadium, tung-
sten, and zirconium; (Presiden Republik Indonesia, 2021). Based on the
above list, metal minerals consist of 48 types, monazite minerals (that can
contain REE) which were previously included in the radioactive miner-
als group are now included in metallic minerals group. In addition, in
this new regulation it is emphasized that REE is included in the metallic
minerals group, this also did not exist in the old regulation.

In fact, until now there has been no Mining Business Per-
mit issued specifically for REE, but it issued for monazite minerals
e Lo, Pr 5, Tn ¥ P, ) end sensime |POL and xenotime | POL| (Pusat Sumber Daya
Mineral, 2019). In terms of mineralogy, REE content in monazite is more
than 90% while the radioactive element is less than 5%, based on this
percentage monazite can be included in metallic mineral commodities,
so that its exploitation is same as other metal commodities (Pusat Sumber
Daya Mineral, 2019). Minerals that containing REE (monazite, zircon and
xenotime) are secondary minerals from the main minerals such as tin,
gold, bauxite and nickel laterite. Therefor its business management can-
not be equated with management of common mineral commodities (Pu-
sat Sumber Daya Mineral, 2019). However, the obligation to process raw
materials domestically is still regulated in Law 3/2020 articles 102-104,
which is most likely to be related directly or indirectly to REE. Such asser-
tions would relate directly or indirectly to REEs in terms of for example
by-products or residues from the processing of copper metal minerals
and nickel tailings. Further rules related to By-product or residue from
metal mineral processing will be listed in other derivative rules such as
regulations at the level of ministerial regulations.

3.2 REE Resources in Indonesia

Locations of REE are distributed on the big islands of Indonesia such
as Sumatra, Kalimantan, Java, Sulawesi and Papua. Exact amounts of
resources in all locations have not been identified because field research
is still being performed. Resource values of several locations have been
identified. Based on the type, REE resource potential in Indonesia can be
divided into 2 (two) types, namely placer deposit and lateritic deposit
(Pusat Sumber Daya Mineral, 2019).
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3.2.1 Placer Deposit Type

As an associated mineral for tin, REE placer-type is often found in tin
resource locations, namely on the tin granite route that passes through the
Riau Islands, Bangka Belitung Islands and the southern part of West Kali-
mantan. The potential of placer REE is inseparable from the estimation of
tin potential because the two are very closely related, deposited together in
alluvial tin deposits, especially those found in Bangka Belitung and Riau
Islands, both on land (on shore) and in waters (off shore) (Pusat Sumber
Daya Mineral, 2019).

Referring to the 2014 tin exploration data, total potential resources of
placer tin ore deposits both from land and offshore in the areas Bangka,
Belitung and Kundur reached 7.010.075.409 m? with details 189.323 tons of
monazite, 21.876 tons of xenotim and 1.226.268 tons of zircon (Pusat Sum-
ber Daya Mineral, 2019). The Geological Resource Center-Geological Agen-
cy in 2014 conducted study to determine the potential of REE resources in
tailings deposits at Bangka Island using the remote sensing interpretation
method. The result of the study shows that the thickness of tailings deposit
is 4 - 6 m? the total area of tailings deposit is 500.000 ha, so the volume is
5.500.000.000 m®. Total REE content is 9,5 g/m?, the REE tonnage reached
52.387.500.000 g or 52.000 tons (Pusat Sumber Daya Mineral, 2019).

3.2.2 Residual/Lateric Deposit Type

This type is a type of deposit that has begun to be developed in sev-
eral REE producing countries. The potential for the lateritic type of REE in
Indonesia is quite large, if pointed out from geological and climatic point
of view the conditions of Indonesia allow the occurrence of lateritic de-
posits. Several investigation activities have been carried out by PSDMBP/
CCGMR (Pusat Sumber Daya Mineral Batubara dan Panas Bumi / Center
for Coal and Geothermal Mineral Resources) and BATAN/NNEA (Badan
Tenaga Nuklir Nasional / National Nuclear Energy Agency) related to
sediment (Pusat Sumber Daya Mineral, 2019). Table 1 contains recapitula-
tion results from various research sources related to the calculation of hy-
pothetical resources for REE deposits of residual/lateritic type, referenced
and modified from (Pusat Sumber Daya Mineral, 2019).
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Table 1. REE Resources Residual Type /Lateritic.

Inferred Resources
REE Data
REE
No. Location Province | Ore (Ton) Content
(Ton) Source
(ppm)
North
1. | Parmonangan 4426.115,4 - 19.917 | PSDMBP/ CCGMR
Sumatera
2. | Ketapang | WestKali-1 4 o35 640 - 219 | PSDMBP/ CCGMR
mantan
Sikadana dkk,
3. Taan \1ve5t. 7.319.193 | 859-1.416 .
Sulawesi 2018, BATAN/NNEA
4. Banggai Central 4 515 056 - 443 | PSDMBP/ CCGMR
Sulawesi

3.2.3 Ion Adsorption dan Inside Coal Deposit Type

The potential of ion adsorption type of REE resources, especially
those found in kaolin deposits in Belitung Island, cannot be calculated
because of the limited data obtained from hand drilling and test wells.
Although the result of chemical analysis has shown the presence of REE
content, this potential is still an indication of REE (Pusat Sumber Daya
Mineral, 2019). Currently, research on the potential of REE in Indonesian
coal is still very limited. However, based on geological conditions and
the amount of Indonesia’s coal potential, it is estimated that the potential
of REE in Indonesian coal is quite significant (Pusat Sumber Daya Min-
eral, 2019).

In summary, the potential of minerals containing REE in Indonesia
in general is as follows: first, Monazite minerals | REE, Tk Per,| and
Xenotim minerals (¥, are by-products of tin ore processing. Second,
Zirconium silicate minerals (Zr, Th, Y, Ce) { 5it}, | are by-products of tin
and gold ores processing and in zircon sands. Third, rare earth ferroti-
tanates minerals (REE, Ca, Na) (Ti, Fe) (] are residues from the pro-
cessing of Bauxite into alumina. Fourth, nickel laterite ores (52 ppm Sc,
18 ppm Nd, 60 ppm Pr, 8 ppm Dy), are by-product of nickel laterite ore
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processing through hydrometallurgical processes (HPAL-high pressure
acid leaching). Fifth, other potential minerals such as granite, coal ash/
FABA (monazite (Ce, La, Y, Th) phosphate) and others (Kementrian En-
ergi dan Sumber daya Mineral Republik Indonesia, 2020).

Amount of monazite and xenotime resources, amount of red mud
deposits containing REE, and amount of nickel limonite reserves that
REE can be obtained from its inside can be summarized from the avail-
able data. Indonesia already has monazite resources of 185.179 tons of
metal which can be further calculated as reserves (Kementrian Energi
dan Sumber daya Mineral Republik Indonesia, 2020). Indonesia already
has xenotime resources of 20.734 tons of metal which can be further cal-
culated as reserves (Kementrian Energi dan Sumber daya Mineral Re-
publik Indonesia, 2020). REE will also be obtained from Red Mud (resi-
due from processing of bauxite into alumina), in 2024 it is predicted that
18 million tons of red mud deposits will be available from the existing
process activities (Kementrian Energi dan Sumber daya Mineral Repub-
lik Indonesia, 2020). REE in Indonesia also has the potential to be ob-
tained from by-products of nickel laterite. Indonesia is recorded to have
proven reserves of nickel limonite ore of 359 million tons (Kementrian
Energi dan Sumber daya Mineral Republik Indonesia, 2020).

In addition to studies conducted by institutions as described above,
studies on REE are also conducted by researchers from others institu-
tions based on various different interest. Study on characteristics of REE
from various sources can provide an overview of the general content of
REE in each different location. In the study of Rosita et. al., (2020), three
Indonesian coal fly ashes (which obtained from Tuban, Indramayu, and
Paiton-1 coal-fired power plants in Indonesia) were characterized and
subjected to sequential physical separation processes. Three Indonesian
coal fly ashes were characterized as potential REY (rare-earth elements
and yttrium) sources. An REY enrichment process is required before
they can be recovered. Of the three samples, that originating from South
Sumatera coal combustion in the Indramayu coal-fired power plant had
a unique character because of its relatively high contents of Fe203 and
CaO. It was found that the REY content increased as the particle size of
the ash decreased (Rosita, W. et al., 2021). Handoko and Sanjaya; (2018)
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reported characteristics and genesis of Rare Earth Element (REE) in west-
ern Indonesia. The research shows that the potential REE mines can be
found in several different locations in Indonesia, such as Tin Island, Su-
matera, and Kalimantan. Most of them are composed of monazite, zircon,
and xenotime as rare earth minerals. Monazite is known for its elevated
number of radioactive elements, so study about radioactive content and
more environment friendly ore processing becomes compulsory. Rare
earth element found in several different deposit forms; secondary de-
posit and primary deposit. Secondary deposit that occurred in the given
area in ion-absorption clay and placer deposit form derived from weath-
ering of primary deposit. In addition, primary deposit is discovered in
the area in the form of pegmatite and granitic rocks (Handoko, A. D., &
Sanjaya, E., 2018).

Same issue as the above studies is regarding the characteristics of
minerals and their composition. Harjanto et. al., (2013), reported some
basic characteristics of mineralogy and chemical composition of the REE
minerals associated with tin ores. The main REE minerals in such ores in-
clude monazite and xenotime, which contain small amounts of radioac-
tive elements such as thorium (Th) and uranium (U). Potential methods
of REE mineral beneficiation and extraction are discussed. Processing
techniques of REE minerals associated with tin ore includes concentra-
tion and extraction process. Concentration of REE minerals associated
with tin ore may utilize the combination of magnetic and high tensions
separator process. Modification and optimization of the concentration
process in tin ore processing plant should be undertaken to produce
higher grade REE minerals products. Further evaluation to select the ex-
traction process of minerals concentrate to individual REE compounds
should be undertaken based on their mineralogy, physical and chemical
characteristics (Harjanto, S., Virdhian, S., & Afrilinda, E., 2013).

Studies on the technical processing of materials in order to obtain
REE elements in its inside can provide more reference and options so
that can be determined which are more optimally applied in the field.
Bahti et. al., (2011) reported extraction and chromatographic studies on
rare-earth elements (REEs) from their minerals, applied for REE in Indo-
nesia. Resulted from the study critical point and recommendation are as
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follows: 1. Development and improvements in digestion and separation
methods have been done and the resulted methods could be adopted
for further development into the technology for up-scaled production of
rare-earth elements. 2. Extraction and chromatographic methods have
been shown to be prospective for further development as the technology
for the preparation of pure rare-earth element products. 3. Rare-earth
mineral deposits, which are abundant and spread out of Indonesian ar-
chipelagos, must be exploited and processed for optimal economic bene-
fit (Bahti, H. H., Mulyasih, Y., & Anggraeni, A., 2011). Prameswara et. al.,
(2021) Studied leaching behavior and kinetic of light and heavy REE from
Zircon Tailings in Indonesia. The objective is to determine the effects of
several operating conditions in the leaching process. In this study, REMs
(Rare Earth Metals) were extracted from zircon tailings. The optimum
REM leaching conditions of the zircon tailing alkaline fusion products
occurred at an HCl concentration of 2 M, leaching temperature of 80° C,
and S/L (solid-liquid) ratio of 10 g/100 mL for 1 h (Prameswara, G. et
al., 2021).

3.3. Policy Paradigm

Indonesia’s mining policy for last 12 years has provided opportuni-
ties to perform downstream processing of minerals. It can be seen from
Law 4/2009 and Law 3/2020. The impacts of Indonesia’s mining policies
related to the downstream process of minerals are the obligatory for raw
material processing domestically and export ban. Hidayat (2021) empha-
sized that the production of certain mineral types has changed signifi-
cantly due to the export ban policy which also has contributed to the
mining sector’s contribution to Indonesian exports (Hidayat, S., 2021).
PWC (2019) reported that the production of nickel and bauxite has also
continued to increase after the relaxation of the ban on exports of nickel
ore and washed bauxite by the Indonesian Government at the beginning
of 2017. Another factor contributing to the increase is the production
from the new nickel smelters that have been coming on-line since 2017
together with higher global nickel prices driven by increased demand
for the electric vehicle industry (Price Water House Coopers, 2019).
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In the Law 3/2020, the obligation to process raw materials domesti-
cally is still regulated. The consequence of the policy based on this Law
is encourage multiplier effects to the mining activities in Indonesia. The
effects under consideration can be seen in export ban, process of build-
ing smelter facilities, the availability of local infrastructure to support the
smelter industry, fluctuations in export volume of metal commodities,
environmental protection process and etc. The policy also has impacts
on REE. REE Resources on tailings and by-products of metal processing
have also received special attention in Indonesia’s mining policy. Export
ban, utilization of REE for long-term domestic strategic industries, cre-
ative approach to discover and to extract new resources and environ-
mental protection strategies are challenges and opportunities for future
policy paradigm of REE in Indonesia.

Discover alternative resources and proper environmental protec-
tion management are interesting issues related to REE. Recycling as a
different approach to obtaining new REE resources has also been the
subject of scientific discussion. Electronic waste, for example, can be an
alternative source to obtain REE in addition to conventional methods of
extracting from earth, but it has not been as significant resource. Klinger
(2018) stated that annually less than 1% of rare earth elements consumed
are recycled, meaning that we are accumulating untapped stockpiles in
our electronic waste (Klinger, J. M., 2018). Charalampides et. al., (2016)
emphasized that the mining and processing of rare earth metals usually
result in significant environmental defects. Many deposits are associated
with high concentrations of radioactive elements such as uranium and
thorium, which requires separate treatment and disposal. The accumula-
tion of rare earth elements in soils has occurred due to pollution caused
by the exploitation of rare earth resources and the wide use of rare earths
as fertilizers in agriculture (Charalampides, G. et al., 2016).

4. Discussion

The existing derivative regulation of Law 3/2020 governing REE is
Government Regulation No. 96/2021. The difference between this reg-
ulation and the previous regulation is about the grouping of mineral
commodities. In this regulation it is clearly stated that REE is grouped
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in metallic minerals group. This grouping is positive for clarity of REE
management permits under metallic minerals and can avoid conflict of
management. But this problem should not only be end in the clear clas-
sification of REE in to metallic group. Positioning REE only as a metal
group without consider the strategic importance of these minerals in
international market demand and without consider their opportunities
for domestic strategic demand is same as to eliminate opportunity for
improvisation in policy. Indonesia should move to the next step regard-
ing management of REE. Derivative regulation regarding REE in Indo-
nesia have to pay close attention using comprehensive different points
of view. Management authority and another strategic action plan must
be positioned in same level of interest.

REE resources and reserves in Indonesia are increasingly being en-
couraged to be researched in recent years. Resources data both from var-
ious studies and potential resources that have not been researched in
detail indicate that amount of REE resources and reserves in Indonesia
can still continue to grow. Advance research under the initiation of of-
ficial government institutions and/or under the initiation of companies
that have potential deposits/resources will likely continue to be carried
out in the future. Under the existing policy, Indonesia will be able to
produce centralized data related to the source and amount of REE. Cen-
tralization of data will be useful for future management.

Export ban on raw materials is a crucial issue in Indonesia’s new
mining policy and it gives impacts on fluctuations of export volume of
Indonesian metal commodities. The application of export restriction for
REE can be considered as part of policy paradigm. It should not only
to stimulate domestic processing and refining activities and to restrict
export volumes, but also more than that, the paradigm can be more stra-
tegic. It can be accompanied by the pioneering of Indonesia’s long-term
REE based strategic projects. This paradigm will not only involve stake-
holders in the mining sector but also will involve cross-sectoral such as
Minister of Industry, Minister of Education, Minister of Research and
Education, Minister of Trade, market practitioners and others. This par-
adigm will be closely related to triple helix of innovation vision of the
country. Activities that only focus on discovering, extracting, process-
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ing of raw materials and selling should be considered as conventional
paradigm. The availability of REE resources and other material deposit
should be considered as basic capital to build technology and national
strategic industries in the future.

Transfer of processing technology can also be a new paradigm.
Transfer of technology for processing equipment, whether on small or
large scale, can become a part of Indonesia’s long-term strategy, not
only for REE sector but also for other materials sectors. Applied tech-
nology of processing equipment from other countries, especially from
the countries of mining investors, as much as possible is necessary to
encourage transfer of processing technology mechanism. This is antith-
esis of conventional paradigms that only focus on rent, import and use.
This approach will involve many activities such as agreements, human
resources and research capabilities building, policies, research budget
allocation, and will involve stakeholders from Indonesia, industry and
concerned country.

According to current studies, Indonesia still not apply creative ap-
proach to discovery and extract new REE resources. Availability of hu-
man resources and technology play important rule to discovery new re-
sources and to increase amount of resources list. Some existing mining
companies can directly operate enrichment of REE from their tailings
and by-product of metal processing. Joint activities to discovery amount
of REE from these two resources with existing companies or third party
also can be considered. Considering unrenewable resource of REE and
limit existing resources anticipation in the future, creative approach to
discovery and extract new resources is reasonable alternative approach
and another new paradigm. Creative approach to discovery beside
above mentioned conventional resources can be applied, for example
recycling of electronic waste. The technology has been not widely avail-
able in Indonesia, but it can be planed for middle or long period. Capac-
ity building related to human resources and technology must be applied
as soon as possible in this concern if Indonesia plane to become REE and
Industry based country in the future.

Environment always become important issue for sustainability of
mining industries activities. Characteristics of Indonesian nature posi-
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tioned in equator region that more rainfall, earthquake and vulnerable
land stability are unique factors that encourage complexity of environ-
mental protection action in the field. Soil and water pollution are critical
concern in this issue. Protection of environmental carrying capacity for
human life and other elements of ecosystem should take part in planning
agenda. All existing factors should be put in one frame which is equally
important in environmental protection planning.

5. Conclusion

Putting the Law and regulation, resources, and future policy para-
digm in one study framework for REE can help to understand, to pro-
vide solutions and some specific recommendations on this issue in a
more comprehensive perspective. The existing derivative regulation of
law 3/2020 governing REE is Government Regulation No. 96/2021. it is
clearly stated that REE is grouped in metallic mineral group. This em-
phasized is positive for REE business permits and can avoid conflict of
management in the field. REE resources and reserves in Indonesia have
been encouraged to be researched in recent years. Amount of REE re-
sources and reserves can still continue to grow. Export restriction for
REE and initiation of Indonesia’s long-term REE based strategic proj-
ects can be considered as part of policy paradigm. Generally, Indonesia
is still implementing conventional paradigm that focus on discovering,
extracting, processing of raw materials and selling, still not apply deep
concern to perform REE and other material resources as basic capital
to build technology and national strategic project. Creative approach to
discovery and extract new resources still not become serious concern.
Considering unrenewable resource of REE and limit existing resourc-
es anticipation in the future, creative approach to discovery and extract
new resources is reasonable alternative approach and another new par-
adigm for Indonesia, for example, in electronic waste, recycling. Char-
acteristics of Indonesian nature positioned in equator region that more
rainfall, earthquake and vulnerable land stability are unique factors that
encourage complexity of environmental protection action in the field.
That will be significant challenge for the environmental protection action
plan.
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KULTUR VE POLITIKANIN KUZEY KIBRIS TURK CUMHURIYETI KONUTLARININ UZERINDE ETKISI

KULTUR VE POLITIKANIN OSMANLI DONEMINDEN
GUNUMUZE KADAR KUZEY KIBRIS TURK
CUMHURIYETI KONUTLARININ UZERINDE ETKISI

Ziba Sami’

Ozet

Mimarlikta bir bina tiirii olarak konut baslangictan bu yana, caglar
boyunca farkli faktorlerelerken etkilenmistir. Bu faktorlerin 6nemlilerin-
den kiiltiir ve politikadan bahsetmek mumkiindiir. Bu ¢alisma kapsa-
minda, Kuzey Kibris Tiirk Cumhuriyeti'ndeki konutlar Osmanl impa-
ratorundan giiniimiize kadar kiltiir ve politika agisindan incelenmistir.
Osmanli imparatorlugu doneminde sahip oldugu alanlarda degisiklik
olmadigm biliyoruz peki mimari konusunda bu nasil devam ediyor ve
Kibris'ta yasayan insanlar kendi yaptiklar1 konutlar1 yapmay1 devam
ediyorlar m1 yoksa konut yaptiklarindan politikadan etkileniyorlar mi?
Arastirma kapsaminda Osmanli doneminin etkisi, daha sonra ingiliz ve
ardindan olan savaslarin etkisi; Iki toplumun uzun siire beraber yasadik-
tan sonra ayirmasi konutlarin tizerinde nasil bir iz biraktigini ve etkileri

1 PhD Student, Yildiz Teknik Universitesi, Mimarlik Fakiiltesi, Mimari Tasarim
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tizerinde yapilmistir. Genel bir bakis acisiyla, konutun tarihsel stirecteki
durumu, literatiir calismasi ve gesitli yaymlardan incelenmistir. Bundan
hareketle arastirma ii¢ ana boliimden olusmaktadir. Birincisi konut ta-
nimi ve tarih stirecinde gelisimi, ikinci boltimde kiltiir ve politikanin
faktorleri mimarlikta incelenmesi ve tigtincti boliimde ise degerlendirme
ve olgular konutlar {izerinde ele alinmistir.

Anahtar Kelimeler: Konut(lar), Kultiir, Politika, Kibris, Tarih.
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1. Giris

Konutlar, toplumun kilttirel ve politika degiskenlerinin ve deger-
lerinin maddi / fiziksel ifadesidir ve tasarim ve mekan kullanim1 kav-
ramu ile baglantili kisisel ve psikolojik islevleri temsil eder. Geleneksel
olarak, konut kavrami, bir toplumun sosyo-kiiltiirel, politik ve ekono-
mik 6zelliklerinin yansimalarini biittinlestirir ve gosterir, ¢ctinkt konut
yapilari, mevcut belirli cevresel kosullarla benzersiz bir sekilde iliskili
olan ozellikleri sergiler. Bu, genel olarak konut ve 6zelde toplu konut
ile ilgili her geleneksel ortamin kendi 6zel imajina ve kimligine sahip
oldugu anlamina gelir (Hoskara vd, 2009: 81).

Konutlar kiiltiir agidan toplumun alt ve iist sinif tabakalarinin aile
yasamlarini yansitan fiziksel kanitlardir. Konut, bir ailenin insancil
(beseri) yasamanin fonksiyonel ihtiyaclarini fiziksel olarak karsilayan
hacimleri igerir. Niifusun artisi, zorunlu ve istekli goclerin, kirsal alan-
lardan kentlere akis1 ve bunu tetikleyen sanayideki gelisim, konut agi-
gimin boyutlarmi giiniimiize tasimistir. Bu siirecteki tiim kiiltiirel ve
politika gelismeler konutlarin tizerinde 6nemli izler birakmustir. Kib-
r1s, Dogu Akdeniz bolgesinde oldukga kiigiik bir kara pargasi olmasina
ragmen, tarihsel akis icerisinde 3000 yildan daha uzun bir stire Afrika,
Orta Dogu, Anadolu ve Avrupa’dan gelen yerlesimcileri gekmistir. Bu-
nun nedeni, adanin dogal kaynaklari, uygun iklimi ve bolgedeki stra-
tejik 6nemidir. Ote yandan, ada yabancilarin yerlesmesine, ekonomik
glicliiklere ve toplumsal ¢ekismelere sahne olmustur. Bu yonden ko-
nut yapimi kendini yenileyerek giintimtize kadar degerini korumustur
(Quriesh, 2004: 1).

Ada son stirecte her ne kadar yonetim agisindan iki bolgeye ayril-
mis olmasina ragmen, tarihi siirecte tek ada ve onu olusturan toplum-
larin kirsal alan konutlardaki mimari anlayis1 aynidir. Ancak; Venedik,
Liizinya, Osmanl ve Ingiliz somiirge siirecinde kentsel mekanda bu
yonetimlerin kiulttirel ve politika durumu yansitir konutlar yapmis-
lardir. Kibris'in konutlar: tizerinde oldukga genis arastirma mevcuttur
ama konutlarin tarih boyunca kiiltiir ve politika agisindan etkilenmesi
hakkinda simdiye kadar bir arastirma yapilmamistir ve bu arastirma
yapilmasina neden olmustur.
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2. Konutun Tanimu

Konut, insanoglunun en temel ihtiyaclarindan biridir. Ctinkii insa-
noglu, kendini iklimin, doganin ve diger biitiin canlilarin olumsuz etki-
lerine kars1 koruyabilecegi bir ortama ihtiyac duymaktadir. Bu ihtiyaci-
n1, gegcmisten giiniimiize stirekli olarak modernlestirdigi bir yapilanma
ile gidermeye calismaktadir. Konuta duyulan ihtiya¢ zamanla bir arada
yasam olgusunu, sonrasinda ise kentlesme siirecini ortaya ¢ikarmistir.
Kentlesme tarihi siireg icerisinde kendine 6zgii bir yapilanmaya gitmis ve
kilttirden kiltiire degisiklikler gostermistir. Ancak, 20. ytizyila gelindi-
ginde bu farkl 6zellikler ve zenginlikler kiiresellesme olgusuyla birlikte
yavas yavas kaybolmaya baslamus, tilkeler aras1 farkliliklar stireci yerini
tilkeler arasi benzerlikler stirecine birakmustir (Kayserili vd, 2014: 253).

3. Konutun Tarihi Siirecteki Gelisimi

Insanligin bilinen en eski zamanlarindan bu yana insanoglunun
en Onemli temel ihtiyaclarindan biride barinma olmustur. Bu ihtiyaci
etkileyen unsurlarilk etapta yagmurdan, soguktan, yabani hayvanlardan
ve benzeri dis faktorlerden korunma, mahremiyetin saglanmasi,
depolama ve esyay1 saklama giidiisii seklinde siralanabilir. Ik zamanlar,
ilkel barmnaklarin yapildig: alanlar serbest mal iken, yani ticret 6demeyi
gerektirmeyen, parsellenip satilarak rant elde edilmeyen ve imar/
iskan vb. kavramlar ile izne baglanma ve tegkilatlanmalar1 stz konusu
olmadigr donemlerde yapilan konutlarda kullanim degeri nem arz
etmektedir. Kullanilan malzemelerin belli bir {iretim organizasyonuna
ihtiyac duymastile birlikte emek maliyeti 5nemli yer tutmaya baslamistir.
Agaclarin  islenmesi, taslarin yontulmas: vb. ihtiyaglar, mesleki
teskilatlanma ve is bolimiinii gerekli kilmistir. Konutlarin yapilmasimda
ekseriyetle kullanim degeri 6n planda olmakla birlikte déneme gore
degisim degeri de 6nem arz edebilmektedir. Kullanilan malzemelerde
ise doneme gore degiskenlikler goriilebilmektedir (Tagraf, 2019: 1).

4. Kibris Adasinin Tanimi

Kibris, Akdeniz’in tictincii buiyiik adasidir. Adanin kuzeyinde Tiir-
kiye, dogusunda Suriye, giineydogusunda Israil, Filistin ve Liibnan, gii-
neyinde Misir en yakin komsularidir (Sekil.1). Kibris Adasi, Akdeniz’in
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kuzeydogu bolgesinde 34° 33" ve 35° 41’ kuzey enlemleri ve 32° 17’ ve 34°
35" dogu boylamlari, baz1 kaynaklara gore ise Akdeniz’in kuzey dogu-
sunda 38° 34' ve 35° 41' kuzey enlemleriyle 32° 20' ve 34° 35' dogu boy-
lamlar1 arasinda yer almaktadir (Alasya, 1998; Hakeri, 1993).

Adanin toplam yuzslgtimii 9235 km? dir. KKTC yiizolgimii ise 3242
km? dir. Ulkenin niifusu 1996 niifus sayimima gore 205587 kisidir. Adada
yerlesme M.O 1500 yillarinda baglamis ve adaya cesitli devletler hakim
olmustur. Ada Osmanlilarin yonetimine 1572 yilinda girmistir. Osmanli-
larin adaya hakim olmasiyla sehirler daha da gelismistir. Ada, 1878 de In-
giliz yonetimine girmistir. Adanin ingiliz yonetimine girmesiyle baslayan
Tuirk - Rum kavgas: glintimtize kadar devam etmistir (Citgi, 2013: 225).

'

a1 )

Sekil 1. Kibris Konumu ve Konutlarin Degisimi (Kaynak: Yazar).

5. Osmanli Dénemi Konut Tarz1 (1571-1878)

“Kibris'in Anadolu ile olan yakin iliskisi tarihi boyunca kendini
gosteren 6nemli bir noktadir. Bunun en uzun ve. Etkili olani1 ise, adanin
Osmanlilar tarafindan fethedilmesiyle baslayan ve 307 yil stiren devri-
dir. (1571-1878) Bu donemde Osmanlilar adaya kendi yonetim, ekonomi
ve sosyal organizasyon sistemlerini getirmislerdir. Osmanli déneminde
adada ozellikle pasalarin, devlet gorevlilerinin ve yetkililerinin kentler-
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de oturacaklar1 yeni konutlar yapilmis, dini ve kiiltiirel binalar Insa
Edilmistir” (Yesilada ve Atun, 1990; Quriesh. 2004: 28).

Adada 1571 yilinda baslayan Osmanli donemi ile Kibris'in yeni-
den imar1 ve gelisimi i¢cin Anadolu’dan niifus getirilerek kent ve kirsal
kesimlere yerlestirilmistir. Bu déonemde, Tiirk mimarisi tarzinda bir-
¢ok cami, han, hamam, cesme, tekke ve konutlar insa edilmis; bunlar
arasinda da halen yasamlarin siirdiiren konutlar énemli yer almistir.
Bu evlerde, geleneksel Tiirk Evi'nin dis sofali plan tipi yaygin olarak
kullanilmistir. Evlerin sokakla olan temasi, cumbalar aracilig: ile sag-
lanmis; odalar, ¢ok amaglt olarak tasarlanmistir. Odalar, ortak mekan
olarak kullanilan sofaya (sundurmaya) acilmaktadir. Sofa sadece odala-
r1 birbirine baglayan dar bir dolasim alani degil, iklime de uygun olacak
sekilde ya odalarin 6niinde yer alan bir yar1 actk mekan, ya da odalar
arasinda yer alan bir i¢c Mekan konumundadir (Cogaloglu, 2016: 50).
Evlerde i¢ kisminin disardan goriinmesini engelleyen énlemler alinmus,
giivenligi saglayacak sekilde sokak cephelerinde yer alan goz hizasinin
tizerindeki kiictik pencereler, yiiksek bahce duvarlari, masif kapilarla
korunan giris mekanlari ile merdivenin gizli bir Yerde olmasina 6zen
gosterilmistir (Andiz, 1999; Bagiskan, 2005).

Kibris'in Osmanli Dénemi'nden (1571-1878) giintimiize gelen XIX.
Ytizyil Tiirk Evleri, adanin zengin kiiltiir miras: icinde 6nemli bir yer
teskil etmektedirler. Evlerde, yasam kiilttirti ile bicimlenen ve cephe
karakteristigi olusturan cumbalar, 6zellikle bagkentin tarihi kent do-
kusunda simgesel bir 6ge olarak goriilmektedirler. Kibris'in Osmanli
Donemi’'nden (1571-1878) giintimiize gelen XIX. Ytizyil Tiirk Evleri,
adanin zengin kiiltiir mirasi icinde 6nemli bir yer teskil etmektedirler.
Evlerde, yasam kiiltiirii ile bicimlenen ve cephe karakteristigi olusturan
cumbalar, 6zellikle bagkentin tarihi kent dokusunda simgesel bir 6ge
olarak gorulmektedirler (Turkan, 2018: 556).

6. Ingiliz Dénem Konut Tarz1 (1878- 1960)

1878 yilindan 1960 yilina kadar suren Ingiliz désnemi, Kibrish Tiirk-
ler i¢in zorluklarla dolu bir donem olmustur. Bu dénemde niifus Tiirk-
ler aleyhine bozulmustu. Bunun baslica sebebi ise saldirilar, ekonomik
ve siyasi baskilar sonucu ¢ok sayida Tiirk vatandasinin aday: terk et-
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mesi, yani go¢ etmek zorunda kalmasiydi (Kizilyurek, 1983). Ingiliz
Donemi’'n de Rumlar ve Tiirklerin degisik bolgelerde yasadiklar: go-
rilmektedir (Cogaloglu, 2016: 53). Kibris adas1 1878 - 1960 arasinda ge-
cen 82 y1l boyunca Ingiliz yonetiminde kalmustir. Bu siire i¢inde Sanayi
Inkilabi, Diinya savaglar1 (I ve II. Diinya savaslari) gibi onemli olaylar
meydana gelmistir. Bu olaylarin sonunda basta sanayi olmak tizere tek-
noloji, kiiltiir, egitim, saglik alanda 6nemli gelismeler olmustur. Ingiliz
sanayisindeki hizli gelismeler Kibris konut mimarisinde de kendisini
gostermistir. Daha once konutlarin yapr malzemesi olarak kullanilan
tas-toprak, kerpig, ahsap malzemenin yerini betonarme yapili binalar
almaya baglamistir. Ingilizler doneminde yap: malzemesinde meydana
gelen degisikligin yaninda ayn1 zamana i¢ dekorasyonunda da ¢nemli
degisiklikler olmustur. Osmanl donemindeki duvardaki dolaplarin ve
sedirlerin yerini hareketli mobilyalar almaya baslamustir. Yalin yer do-
semeleri yerine ingiliz doneminde, ahsap, mermer, karo-mozaik gibi
yer dosemeleri gibi degisiklikler yaninda konutlarin alt katina da pen-
cereler girmis ve bunlar daha buiytik tutulmustur (Mor ve Citgi, 2013:
235).

Ingiliz donemindeki ev planlar1 basittir. Adadaki evlere <balkon>
eklenmesi anlayisi, Ingilizler doneminde yerlesmistir. Ozellikle, 1880
yilindan itibaren giinimiizde de goriildugi gibi, pekgok balkonlu ev
insa edilmistir (Quriesh, 2004: 31). Geleneksel Tiirk Evi plan tiplerinden
i¢ sofal1 plan tipi yaygin olarak kullanilan konutlarin cepheleri Ingiliz
Koloni mimari tarzindadir (Dagli, 1990; Balkan, 1998). Yap1 teknoloji-
sindeki gelismelerin binalara yansimasi, bunlarin yani sira, basta In-
giltere olmak tizere gelismis batil1 tilkelerle yapilan ticaretin artmasi,
mimar-miithendis teknisyen gibi yap1 kalitesini artiran elemanlarin
¢ogalmaya ve hatta yetismeye baslamasi, yeni binalarin ve kuskusuz
ozellikle konutlarin planl bir bicimde yapilmasina etken olmustur (Qu-
riesh, 2004: 32).

7. Kibris Cumhuriyeti Donemi (1960-1975)

Genel olarak insaat sektorii ve 6zel olarak da konut sektorii 1960
oncesinde diizenleyici kurumlara sahip degildi. Konutla ilgili ilk kural
ve plan 1960 yilinda Kibris Cumhuriyeti'nin kurulmastyla birlikte geti-
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rildi (Yorticti ve Keles, 2007: 78). Bu donemde hiikiimet, insaat islerinin
¢ogu Ozel sektor tarafindan yapilmasina ragmen, birkag daire insa etti.
1963 ile 1968 yillar1 arasinda Kibrish Tiirk yetkililer insaat faaliyetlerini
azaltt. 1963'ten 1974’e kadar Kibrishi Tiirkler zorla gog ettirildi veya
Kibrishh Rumlarin goriistine gore homojen yerlesim bolgeleri olustur-
may1 “secti”; Kibrish Tiirkler topraklarmi, koylerini ve evlerini terk
ederek ya kiiciik gettolarda yasamak igin gog ettiler (S6zen, 1998: 13).

Adanin her yerine veya diger tilkelere dagilmis daha giivenli yerle-
sim bolgelerinde. 1965’te Kibris Tiirk yonetimi, en azindan bazi miilteci
ailelerinin yasam kosullarini iyilestirmek icin bir Milteci Konut pro-
jesi gelistirdi. 1963-1974 yillar1 arasinda kendi kodylerinden (103 koy)
daha giivenli bolgelere (gettolar) kagan kendi tilkelerinde evlerini kay-
beden ve miiltecileri terk eden Kibrisli Tiirklerin sayis1 25.000°dir (BM
Giivenlik Konseyi Raporu, 1964). Ortaya ¢ikan konut ihtiyaci, Lefkosa,
Gazimagusa, Girne, Limasol (Limasol) ve Baf’a (Baf) tasinan koylii gog-
menler i¢in insa edilen konutlarla tamamlandi. Buna ek olarak, bazilari
adadaki diger belirli yerlere yerlestirildi. “Alt1 y1l icinde 65 farkli kent-
sel ve kirsal yerlesimde 1513 konut birimi insa edilmis ve eve ihtiyact
olan ailelere tahsis edilmistir (1966’da 130 birim; 1967"de 206; 1968’ de
512;1969'da 424; 1970-71: 241). Bu birimlerden 247’sinde bir yatak odas1
varken geri kalaninda iki yatak odas1 vardi. Taban alani1 46 m? ile 70 m?
arasinda degismekte olup, 1513 tinitenin 503"t prefabrik, geri kalani ise
insaat malzemesi olarak tugla kullanilmistir. Su anda bu konut birim-
lerinin ¢ogu hala oturulabilir durumda ve diistik gelirli aileler tarafin-
danisgal ediliyor. Hiikiimet bunlari tahsis eder birimleri uygun ailelere
ulastirir ve kira tahsil etmez. “ (Gazioglu, 1994).

Giintimtiz konutlar1 olarak nitelendirilebilecek bu konutlarda ilk
goze carpan Ozellik konutlarin dikey olarak ytikselmesidir. Konutlarin
kat sayis1 3 veya 4 olmakla birlikte Maras’ta 1960 yilinda sonra yapi-
lan konutlar ise 10-15 katli olabilmektedir. Marag turistik amagh bir
yer oldugu icin konutlar daha ¢ok bahge iclerinde yapilmislardir. Hava
sirkiildsyonu saglamak amaciyla karsilikli pencere ve kapilar yaninda
yeterince 1siktan da faydalanmak amaciyla pencereler biiytik tutulmus-
tur. Ancak hizli kentlesme nedeniyle kisa bir stirede yapilan betonarme
yapili bu konutlar kent merkezlerinde genellikle 120 m, oturum alanina

216



KULTUR VE POLITIKANIN KUZEY KIBRIS TURK CUMHURIYETI KONUTLARININ UZERINDE ETKISI

sahiptirler. Ote yandan kentlerin dis alanlarinda yapilan villa tipi ko-
nutlar birbirine asla benzemedikleri gibi bir villanin farkli yerlerinde
degisik mimari tarzlar1 gormek miimkiindiir. Ozgiin mimarileri yanin-
da cat1 siislemelerinde ve dizaynina ayr1 bir 6nem verilmistir. Genel-
likle yuvarlak olarak insa edilen bu konutlara yumusak bir gértintim
verilmeye calisilmistir (Citgi, 2013: 18).

Yeni tip konutlar direk giinesten korunmak icin bir kemer igine
alinmis ve binanin cevresi siislii tas duvarlarla ¢evrilmislerdir. Yiik-
sek olmayan bu duvarlarin tistiinde yine yiikseltisi fazla olmayan de-
mir parmakliklar konulmustur. Yeni tip konutlarda catilar genellikle
ya terastir ya da az egimli kiremitle kaplidir. Isiy1 yansitmak amaciyla
konutlarin dis cephesindeki ana renk beyaz olmas1 sebebiyle kentler
uzaktan bakildi1g1 zaman beyaz evler olarak goriintirler (Citgi, 2013: 18).
Insanlarin ekonomik glicti ve kisisel tercihlerini kullanarak barmmala-
rin1 saglamak icin gerekli konut miktar ve kalitesi belirli bir anda var
olan miktar ve kalitesinden farkli ise aradaki bu fark konut ihtiyacini
dogurabilir (Keles, 1976: 99).

8. Kibris Tiirk Federe Devleti - Kuzey Kibris Tiirk Cumhuriyeti
Donemi

1970’lerin sonlarinda yeni bir konut talebinin ortaya ¢ikmasi ve bu
nedenle 1978’ de hiikiimet bir Sosyal Konut Kanunu ¢ikararak konut pi-
yasasimna miidahale etmek zorunda kaldi. Sosyal, ekonomik ve kiiltiirel
diizeylerde hissedilen degisen ihtiyaclara cevap verebilmek icin yeni
konut gelistirmeleri ancak 1980’lerden sonra kentsel gelisimin ana bi-
lesenlerinden biri haline geldi. Bu donemden itibaren konut ortamlari,
her ikisi de yasal gerceve iginde farkli 6zellikler ve sorunlar sunan toplu
konut ve bireysel konut olmak {izere iki farkli egilim gostermistir. Bir
sonraki boltimde, Kuzey Kibris'ta konutla ilgili yasal cerceve degerlen-
dirilecek ve 1980’lerden sonraki gesitli konut gelismeleri derinlemesine
tartisilacaktir (Hoskara vd., 2009: 86-87).

1974 yilinda Kibris'ta yasanan siyasi degisimlerle birlikte olusan
yeni toplu durum geregince yapilan niifus degisimi neticesinde Gii-
ney’deki Turkler Kuzey’e, Kuzey’deki Rumlar Giiney’e go¢ etmislerdi.
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Yapilan bu degisim neticesinde Rumlarin Kibris'in Kuzey bolgesinde
birakmis olduklar: konut sayisi, Giineyden Kuzeye gog¢ eden Tiirk nii-
fusuna yeterli derecede olmasindan dolay1 konut arayisina gidilmemis;
uzunca bir sure konut tiretimi durmustur. Adanin 1974 yilinda Ttirk mii-
dahalesinin ardindan siyasi olarak ikiye ayrilmasi, Tiirk ve Kibrisli Rum-
larin giineyden kuzeye veya kuzeyden giineye goctine yol actr. Niifus
hareketi, 2 Agustos 1975 tarihli Goniillii Niifus Yeniden Gruplandirilma-
s1 Anlasmasi’nin bir sonucu olarak ve Birlesik Kibrisl Ttirklerin gozeti-
minde adanin kuzeyine tasindi ve tahminen 180.000 Kibrisli Rum adanin
glineyine tasindi. Bu olay her iki tarafin da konut ihtiyacini degistirdi,
¢linkti gtineyden kuzeye Turk go¢men sayisinin kuzeyden giineye gog
eden Rumlara gore daha az olmasi nedeniyle kuzeydeki mevcut konut
stoku talebi ast1 ve boylelikle adanin kuzey kesiminde 1970’1lerin sonu ve
1980’lerin basinda ¢ok az yeni insaat yapildi (Gazioglu, 1996).

Bu donemde ekonomik yasantinin ¢okiintiiye ugramasi, hayat pa-
haliliginin artmas: sonucunda kotiilesen yasam kosullar igerisinde bi-
reylerin kendi konutlarini1 yapmalar1 zorlasti, hatta imkéansiz hale geldi.
Daha ¢ok isyeri ve resmi binalarin insa edildigi goriilmektedir (Balkan,
1998). Konut ihtiyac1 bu dénemde devletin aracilif ile insa edilen dar
gelire sahip ailelerin barinma ihtiyaglarini giderebilecek bicimde maliye-
ti dusuik, ktigtik ve standartlastirilmis plan tipine sahip sosyal konutlarla
giderilmistir. Bununla birlikte devlet disinda kooperatifler kurularak bi-
reylerin ihtiyaglar: dogrultusunda konutlar tiretilmeye galisilmistir. Bu
donemdeki konutlarin bir kismu1 devlet ve kooperatifler tarafindan insa
edilirken, bir kism1 da 6zel sektor tarafindan insa edilmistir (Cogaloglu,
2016: 61).

Modern konutlarin plansizca insa edilmesi sonucunda gorsel acidan
oldukga olumsuz bir goriintiiye biirtinmeye baslayan, binalarin yesil
alan, bahge ve otopark gibi olmasi1 gereken 6zellikleri, binalar1 insa eden
miiteahhitlerin ekonomik hirslarinin sonucunda tamamen g6z ardi edil-
mektedir. Bunun sonucunda gocuklarin oyun oynayacagi bir bahgesi ol-
mayan, otomobillerin park edebilmesi icin gerekli otoparklardan yoksun
ve yesil alanlarin olmadig diizensiz bir kentlesme ortaya ¢ikmaktadir.
Oysa gelismis tilkelerde konut kooperatifleri kurulur ve bu kooperatifler
kar amaci gtitmezler (Tiirkoglu, 2007: 259).
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9. Kibris Konutlar1 Etkileyen Faktorler

Mimari uygulamalar arasinda idari binalarin insasi, Kibris'ta yone-
timin farkli donemlerdeki degisim ve stirekliliginin onemli gostergesi
olmustur. Kibris’ta hiikiim stiren farkli yonetimlerin politik ve ideolo-
jik yansimalarinin en somut olanlarinin bugiine en yakin dénemlerde
daha iyi izlenebildigi sdylenebilir. Ornegin 1ngﬂiz Somiirge Mimarisi,
cogunlukla politik karar alicilar tarafindan sadece 6tekine kars: tistiin-
ligtin siradan tiretimini ve yeniden tiretimini baslatmak ve stirdtirmek
icin degil, yoneticiler tarafindan biitiin taraflar icin “imparatorlugu
goriiniir ve somut hale getirmek” amaciyla arag sallastirilmisti. Ingiliz
Koloni Idaresinin sonlanarak Kibris Cumhuriyeti'nin adanin idari ya-
pisin1 olusturdugu 1960-63 donemi ve Kibrish Tiirkler icin kisa dmiirlii
Kibris Cumhuriyeti'nden Kuzey Kibris Tiirk Cumhuriyeti'nin kurulu-
suna (1983) kadar olan siire 6zel bir donemi kapsamaktadir (Giirdallt
ve Koldas, 2017: 749).

10. Kiiltiir

Kibris sorunu, bir siyasal biitiinlesme sorunu olarak tanimlanabilir.
Etnik olusum ve farklilasmanin kiiltiirel alanda seyrettigi durumlarda,
siyasal biittinlesmenin iiniter devlet sistemiyle, kiiltiirel alan1 terk ettigi
durumlarda ise federal bir devlet yapisiyla saglanabilecegi soylenebilir
(Tamgelik, 2008: 306).

Konut planlamasi, kullanicinin sosyal ve kiiltiirel nitelikleri ve
cevre faktorlerinin etkileri ile bicim bulabilmekte; planlayicinin yalniz
kendi programlamasi ile ihtiyaclara cevap veren fiziki ve yasamsal ye-
terlilige ulasamamaktadir (Cogaloglu, 2016: 9).

Kiltiir, toplumlarin zaman icerisinde olusturdugu distince ve
inan¢ anlayisidir. Bir insan toplulugunu diger bir topluluktan ayiran
degerler, inanglar, normlar, varsayimlar ve davramis bigimini olustu-
ran kiltur; 6grenilir, tek bir bireye ait degil, toplumun tim bireyleri
ile paylasilir, kusaktan kusaga aktarilir, bir olgunun baska bir olgu ta-
rafindan simgelenir, birbirine bagli pek ¢ok unsurun olusturdugu bir
yapidir. Bu unsurlardan birinde veya bir kisminda olusan degisiklik
diger kisimlarimda degisikligine sebep olarak, uyarlanabilir, ait oldugu
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toplumu bir takim olgtiler igerisine sokarak simirlayabilir (Gtir, 2000).
Kiiltiir, degisken bir olgudur ve zamanla degisime ugrar. Buna bagl
olarak mimarlik olgusu da degisime ugramaktadir. Konutlar, kullanici-
nin gelenekleri, aliskanliklarini ve bununla birlikte begenilerinin bir ge-
nel toplami olan yasam kiiltiirleri ile uyum saglamalar1 gerekmektedir
(Turkan, 2006). Mimaride yasam kiiltiirtintin yeri toplumun gelenek ve
begenilerinin konutta yansimasiyla ortaya cikar. Yasam bicimi kiilttirel
faktorlere gore, konut planlamasindaki farkli fonksiyonlarin olusumu-
na dolaysiz olarak etki etmektedir. Bu etkilerle ortaya ¢ikan modeller
de toplumlarin kiiltiirel yansimalar1 olarak konut tiplerini olusturmak-
tadir (Cogaloglu, 2016; 12).

11. Politika

Hizli kentlesme, niifusun artis, ihtiyaglarin degismesi, goc gibi et-
kenlerden dolay1 konut ihtiyac: stireklilik gosterir. Konut ihtiyacinin
yeterli nitelik ve nicelikte konut ile karsilanamamasi konut sorununu
Hizli kentlesme, niifusun artisi, ihtiyaglarin degismesi, go¢ gibi etken-
lerden dolay1 konut ihtiyaci stireklilik gosterir. Konut ihtiyacinin yeterli
nitelik ve nicelikte konut ile karsilanamamasi konut sorununu (Onver,
2016: 7).

Kibris'taki tarihi goriisler, yasanan siyasi ihtiyaclar tarafindan ta-
yin edilmek ve pratik siyasete ¢oztimler tiretebilmek i¢in hizmet edebi-
lir. Aksi takdirde hayata yabanci olan bir tarih ilmi, sirf antikaci zihni-
yetiyle hareket eder ki bu da istenen bir sey degildir. Ancak asil siyasi
tarih, gercek mesuliyetine tam manasiyla mudriktir ve bundan dolay1
mazinin tozlarina yeniden hayat vermesini bilir. Iste bu suretle hayata
yabanci ve hayata yakin tarih ilmi birbirinden ayrilir. Kibris 6rneginde
de oldugu gibi gergek siyasi tarih ilmi, cevap verilmesine siddetle ihti-
yag duyulan sorulari sorar veya bunlari tartisilmasi i¢in ortaya atar. An-
cak bu sayede toplumlar kendi yasantilarin1 daha derin ve esasl1 olarak
anlayabilmeleri miimkiin olur (Tamgelik, 2010: 107).

KKTC devleti, iskén, topraklandirma ve esdeger mal politikalarinin
Kuzey Kibris’taki insaat sektoriintin durumunu ve gelisimini dogrudan
etkiledigi gortisti dogrultusunda, oncelikle bu politikalarin anlasilmasi
gerektigi diistinmektedir. Bu baglamda, 1974 sonrasinda Kibris Ttirk
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yonetiminin izledigi miilkiyetle ilgili konut politikalari, 6zetle asagida-
ki gibi gerceklesmistir:

* 1974 sonras1 olusan iki bolgeli yap1 sonucunda Kuzey’de terk
edilen konutlar, esdegerden, TMT, miicahitlik, TBK puanlarindan ve
tahsisten hak sahibi olanlara onceleri kullanim amagli dagitilmis, daha
sonralar1 tapular1 da verilmistir.

* Konut disindaki tasinmaz mallar da (arsalar, arsa nitelikli arazi-
ler, kuru ve sulu tarim arazileri vb.) 6nceleri kullanim amach dagitil-
mis, daha sonralari1 ise bunlarin da tapular1 esdeger, TMT, miicahitlik,
TBK puanlar1 karsilig1 ve tahsisten hak sahibi olanlara verilmistir.

* Tapular1 dagitilan bu araziler tizerine mevcut diizenlemelere uy-
gun olarak, tarim arazisi, arsa veya arsa nitelikli arazi ayrimi yapilmak-
sizin “yol ulasan her araziye”, insaatlar yapilabilmistir; bu uygulama
glintimiizde de devam etmektedir.

Daha iyi anlasilmasi agisindan konuyla ilgili baz1 ayrintilar notlar-
da ayrica sunulmaktadir. Yukarida kisaca 6zetlenen ve notlarda ayrin-
tilariyla aciklanmaya calisilan tiim bu mal ve miilk dagitimi durum-
larina bakildiginda, halen Kuzey Kibris'ta mevcut mal / miilk tipleri
asagidaki gibi siiflandirilabilir:

e Turk mallar1 (orijinal - 1960’dan beri Tiirkler tarafindan miilk
edinilmis Tiirk mallar1 - 1960 Kibris Cumhuriyeti kayitlarina gore tapu
sahibi)

* Rum mallar1 (orijinal - 1960’dan beri Rumlar tarafindan miilk
edinilmis mallar - 1960 kayitlarina gore genelde Rumlara olmak iizere
baska sahislara ait olan ve 1974 sonrasi terkedilerek Kuzey’de bos kalan
ve cesitli uygulamalarla Ada’nin Kuzeyinde yasayan Tiirklere dagitilan
ve daha sonra KKTC tapusu verilen mallar)

A. 1974 sonras1 Giiney’den Kuzey’e go¢ etmis olan Kibrish Ttiirklere
“esdeger” karsiliginda (Giineydeki mallar: karsiliginda) dagitilan, ter-
kedilmis - genelde - Rum mallari;

B. 1974 sonrasinda genelde Tiirkiye’den go¢ edenlere “tahsisten”
dagitilan (karsiligl olmayan) terkedilen Rum mallar: (karsiliksiz satilan
puanlar karsilig1 dagitilan tapular);

C. TMT, miicahitlik ve TBK puanlar1 karsiliginda dagitilan (aslinda
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hizmet disinda maddi bir karsilig1 olmayan) terkedilmis Rum mallar1
(Hoskara, 2007).

Konut politikalar1 ise ekonomik, toplumsal, kiiltiirel ve siyasal
alanlar ile yakindan iligkilidir. 21. ytizyilda konut politikas: kapitalist
sistemin 6ziinde var olan adaletsiz gelir dagilimin1 dengelemede sos-
yal politikanin bir araci olarak kullanilabilme 6zelliginden daha bas-
kin olarak, ekonominin canlanmasi i¢in insaat sektoriiniin lokomotif
olarak kullanilmasi, finans piyasalarinin hareketlenmesini saglanmasi
i¢in kullanilmaktadir. Devletlerin konut politikalarinin dogusunda ve
gelismesinde birincil etmen barinma ihtiyacinin karsilanmasinda karsi-
lasilan sorunlar ve bu sorunlarin toplumsal, ekonomik ve siyasal etkile-
rinin azaltilmasi, miimkiinse yok edilmesidir (Onver, 2016: 6).

12. Degerlendirme
Donemi karakteristik 6zelliklerini soyle soyleyebiliriz:

Osmanli mimarisi (1571-1878) ile yapilan Konaklar ve bulunduk-
lar1 caddeler otantik dokunun yansitildig: etkileyici manzaralar sunar.
Cumbalarin tamamina yakini, oda genisligince, bir yonde (sokaga) ta-
san, diiz ¢ikma seklindedir Ahsap eli bogriindelerle de ahsap konsol-
lara destek saglanmistir. On koselerde yer alan kare kesitli ahsap dik-
melerle, taban kirislerinden en 6ndeki, alg1 stva kapli Cumba cephesine
cerceve teskil etmektedir. (Turkan, 2018).

1878 ile 1925 tarihleri arasi, Kibris'ta Ingiliz Donemi olmakla bir-
likte 6nceki donem olan Osmanli Dénemi (1571-1878) nin planlama et-
kilerinin konutlarda halen devam ettigi goriilmektedir. Bu zaman dili-
minde kent yasamini siirdiiren bireylerin ihtiyaclarini karsilamak tizere
inga edilen konutlar, Kibris'in Osmanli Dénemi’nin ig sofali Geleneksel
Turk Evi plan tipine sahiptirler. Sofanin iki yaninda siralanan odalar
sofaya acilmaktadir.

Bu yillara ait konutlar, cumbalari, kemerleri ve yigma yapim siste-
mi ile Osmanli Dénemi konut mimarisinin genel 6zelliklerini tasimak-
tadirlar. 1900-1925 tarihleri arasindaki konutlar genellikle iki kattan
olusup, zemin ile tist kat ayni plan tipine sahiptir. Zemin katta sofa
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(sundurma) ve sofanin sag ve sol tarafinda yer alan yasama, yemek
yeme ve servis mekanlari, tist katta ise yatma mekanlar1 bulunmak-
tadir. Yap1 malzemesi; biiyiik oranda yerel ve bolgesel kaynaklardan
saglanmis olan Saritas (kumtasi) ve kolay elde edilmesinin yani sira 1s1
iletkenligi diisiik, enerji tasarrufu yiiksek, dogaya uyumlu kerpig kul-
lanmilmistir. Cat1 malzemesi, ahsap kirisleme, hasir, kamis, toprak ve
oluklu kiremit olan konutlarin doseme malzemeleri ise toprak, yerel
mermer ve tastir. Stva malzemesi de alcidan ibarettir. Bu doneme ait
konutlarda, cumbalarla birlikte balkonlar da goriilmektedir. Cikma ve
balkonlar1 tastyan C-S kivrimlara sahip genellikle tas malzemeden ya-
pilmis konsollar, degisik stislemelere sahip olup konutlarin énemli bir
cephe elemanin tegkil etmistir. Cepheler, 6nceki donemin yalinligina
karsin, Ingiliz Koloni Mimarisi etkileri ile detaylarla hareketlendiril-
mistir (Cogaloglu, 2016: 133).

1926-1950 tarihleri arasindaki konutlarda, plan diizenlemesinin,
bir onceki donemin I¢ Sofali plan tipinin temelinde devam ettigi go-
riilmektedir. Sofanin iki yaninda sofa boyunca uzanan ve sofaya acilan
odalar yani sira sofaya hol veya koridor aracilig ile baglanan odalarin
olusturdugu plan semast, I¢ Sofali planin degisimi ile déneme tipoloji
olusturmustur. Onceki donemde goriilen cumbalar da bu dénemde de-
gisime ugrayarak balkona dontismiistiir. Boylece ist katlarin sokak ve
yakin cevre ile iliskisi, acik mekanlarla saglanmistir. Genellikle tek katl
olarak ve ayrik nizamda tasarlanan konutlar, kendi ihtiyaglar: dogrul-
tusunda iklim 6zellikleri, yoresel malzemeyle ve tarihi doku zarara ug-
ratilmadan insa edilmislerdir.

Detay, bicim, malzeme ve estetige 6zen gosterilerek yapilan konut-
larin yap1 malzemelerinin biiytik bir kismi yerel kaynaklardan ¢ikarilan
sar1 tas olmustur. Bu ¢eyrek zaman diliminin son yillarinda, betonarme
karkas sistemin kullanilmaya baslanmasi ile birlikte, plan semalarinda
farkli form anlayislar1 ortaya ¢ikmistir. Genellikle yalin plan tiplerine
sahip konutlarda, cokgen bigimli mekanlar dikkat cekmektedir. Tek
katli olarak insa edilen konutlar, ytiksek tavana, etrafinda bahgeye ve
tizeri kapali teraslara sahiptirler. Konutlarda dogal havalandirmay:
saglayan dikdortgen formlu pencereler ve diiz atkili veya kemerli ka-
pilar bulunmaktadir. Catilarinda, oluklu kiremit yerine Marsilya tipi
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kiremit kullanilmaya baslanan konutlarda, doseme malzemesi olarak
da ahsap ve renkli desenli karo mozaikler goriilmektedir (Cogaloglu,
2016: 180).

Yaptigimiz arastirmalara gore bu donemdeki konutlarin planlari,
onceki donemlerdeki yasam kiiltiirtine uygun geleneksel semalarin ak-
sine kullanicilarin ihtiyag ve sosyal durumlarina gore kullaniciya 6zel
tasarlanmis, modern mimari ornekleri olarak gortilmektedir. 1950'1i
yillarin baslarindan itibaren Kibris'la mimarlarin adaya gelip mimari
proje hizmeti vermeye baslamalari, plan semalarinda geleneksellikten
moderne degisimi etkileyen 6nemli bir faktor olmustur.

Betonarme karkas yapim sisteminin kullanilmas: da plan semalari-
na esneklik getirmis ve daha organik bicimlerdeki semalara olanak sag-
lamistir. Plan1 olusturan mekéanlarda ise isleve 6zel tasarim niteligi de
bu donemin 6zelligidir. Plan semalarindaki organik sekiller ve esnek-
lik cephelere de hareket saglamistir. Bu donemde egimli catilarin yani
sira betonarme karkas sisteminin olanaklariyla diiz catilarda gozlem-
lenmektedir. Bu donemde, duvar malzemesi olarak tugla, kap1 pencere
dogramasi ve teras-balkon korkulugu olarak demir profil, aliminyum,
hazir dis cephe sivalar1 gibi cagdas yapr malzemeleri kullanilmus; gele-
neksel malzemelerden tas ve ahsap ise estetik cephe elemani olarak yer
almistir (Cogaloglu, 2016: 240).

Donemin ilk yillar: bir 6nceki donemin etkisini tasimaktadir (1976-
2000). Daha sonraki yillarda ise topragin deger kazanmasi ve ekonomik
tiretimin standartlasmay1 6ne ¢ikarmasi ile bircok kisiyi barindiran ¢ok
katli konut yapilar1 yani sira standart plan semalarina sahip konut site-
lerinin insaat1 baglamistir. Yasam gereksinimlerine gore 6zel tasarimla
olusturulan plan semalari, bu periyodda oldukca azalma gostermistir.

Cok katli yapilardaki konutlarda hol veya koridorla baglanan giin-
diiz ve gece boliimlerindeki mekanlarin dizisi seklinde semalindan
plan ve az katli yar1 veya tam miistakil konutlarda alt katta giindiiz
bolumiine ait mekanlar ile tist kattaki iki veya ti¢ adet yatak odasindan
ibaret gece bolimii mekéanlarinin olusturdugu tip plan, donemin stan-
dart plan tipolojilerini teskil etmektedir.

Donemin son yillarinda, az sayida da olsa kullanic1 gereksinimleri-
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ne gore tasarlanarak, daha islevsel ve fiziksel ¢evre kosullarina uygun,
kullaniciya 6zel planlar goriilmektedir 1976-2000 dénemindeki konut-
larda, cagdas yapi malzemeleri kullanimi yayginlasmis, geleneksel
malzemeler yalnizca dekoratif amagli olarak az miktarda kullanilmistir.
Donemin ¢ok katli yapilari, betonarme diiz dam ile bitirilmis, az katl
konutlarda ise genellikle besik tipi olmak tizere kiremit kapl1 egimli cat1
ortiist kullanilmistir. Plan semalarindaki yalin gizgiler cephelere yansi-
mis, hareketten yoksun cephe karakterleri ortaya ¢ikmustir (Cogaloglu,
2016: 300). Tablo 1'de konutlarin Osmanli déneminden gonimiize ka-
dar politika ve kultiir acisindan degisimleri incelenmistir:

Tablo 1. KKTC Osmanli doneminden goniimtize kadar degerlen-
dirme (Kaynak: Yazar).

Kiiltiir ve Politi-

Yil | Cephe Plan ka Ozelikleri

= Konutlar  Os-
manl mima-
risinden  etki-
lenmis ve bu
konutlar  Tiirk
kiiltiirine yakin
bir sekilde ku-
rulmustur.

g . * Politika agisin-
dan ada Osman-
- It devletinden
etkilenmistir ve
adada gdcmen-
ler sayisi artigi
icin ¢ok sayida
konut yapilmis-

ok TV Vgl
v we |
FHEd
& TR,

1571-1878

Barbarlik Mizesi, Kiitliphane Sokak No:8, Surlar ici, Lefkosa
(Sacakl Ev) (Cogaloglu, 2016: 88) .
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1878-1925

= Kiiltiir

Lefkosa (Cogaloglu, 2016: 88)

ool Tiles

EEM@‘

| il
a

ol

i
v

"
i

e T

Sedir Nedim Sokak, No:24, Girne (Cogaloglu, 2016: 90)

acisin-
dan konutlar bu
donemde Ingi-
liz kiiltiirinden
etkilenmistir ve
konutlar  basit
bir sekilde yap-
maya baslamig-
tir. Konutlarin i¢
tasarimlar1 Ingi-
liz kiltlirinden
etkilenerek de-
gismeye basla-
mistir ve duvar-
lardaki dolaplar
mobilyaya do-
nligsmiistiir.

Politika agisin-
dan konutlarin
kullandiklar:
malzeme ve yap1
teknoloji degis-
meye baslamis-
tir. Malzeme
Osmanli  done-
minde ahsap ve
tas kullanirken,
bu dénemde be-
tonarme kullan-
maya baglamis-
lardir.
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o - = Kiltiir  agisin-
dan bu donem-
o ) de cumbalar da
degisime ugra-
yarak  balkona
£ dontigmistiir.
. Sokak ve yakin
e— I i =N cevre ile iligkisi,

7 : agik  mekanlar-
la saglanmigtir,
| - yoresel malze-
meyle ve tarihi
doku zarara ug-
ratilmadan inga

Selim Caddesi, No:42, Késklii ciftlik, Lefkosa (Cogaloglu, 2016: edilmislerdir.
135)

.

— = Politika agisin-
dan bu dénemde
¢ok az sayida
yeni  konutlar
inga  edilmigtir
ve konutlar sa-
delesmistir.

1926-1950

ﬁgﬁﬁ
g

Abdullah Pasa Sokak No:3, Surlar i¢i, Magusa (Cogaloglu, 2016:
158)
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ot \ = Kiiltiir agisindan
s KKTC yasayan
insanlar  kendi
kiiltiirlerini  ko-
nutlarinda  de-
vam ediyorlar.

Ty = Politika agisin-
by dan ise ingat
i Iy L F | sektorlerin geli-
¥ d:r.. similer birlikte
— E T 5 ¢ok konut ya-
== R i 1 pilmistir  ama
bu konutlar
savagtan sonra
Server Somuncuoglu, Sokak No:4, Kosklu giftlik, Lefkosa yapildiklart igin
(Cogaloglu, 2016: 183) sade bir sekilde
yapilmigtir.

Ekonomik iireti-
min standartlag-
may1 One cikar-
masi ile birgok
kisiyi barindiran
¢ok katli konut
yapilari yani sira
standart plan se-
malarma  sahip
konut sitelerinin
ingaat1 baslamig-
tir.

1951- 1975

L Rl

Mehmet Akif Caddesi, No:36, Kosklu ciftlik, Lefkosa (Cogaloglu,
2016: 96)
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i " = Adada yasayan
- insanlarn  kiil-
. ] 5 tiir ve yasamlari
- Bl =T degismesiyle
_:q-""'L' birlikte  konut-
o larda degisme-
ye baslamis ve
daha detaili ve
genis  konutlar
yapilmaya bag-
lamugtir.

-

I

Konya Sokak No:2-4-6, Lefkosa (Cogaloglu, 2016: 242)

= Politika agisin-
' dan iilkede gii-

e B I g venlik hakim ol-
=i in dugu i¢in binalar
| jlq Bpe daha biyiik ve
d L=l genis  yapilmis
et B1 il ve gecmis do-

=y BT nemlere gore
I detail  binalara
eklenmis ve mi-
marlik agisindan
: konutlar zengin-
L - . <1 1 i lesmeye basla-
mistir.

1976- 2000

. | [T
nEEEED ) Sales N
i =1

Kuru Dere Sokak No:9, Lefkosa (Cogaloglu, 2016: 290)
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Sakarya Caddesi, Golden konutlari ve Terrace Park’in komsu,
Magusa (https://dovecconstruction.com).

2000-2020

EN NN NEFNTT,

Merkez Sakarya, Magusa, Golden konutlari (dovecconstruction.
com)

= Politika agisin-

dan iilkenin ta-
nimlanmasiyla
birlikte ve iil-
kenin giivenligi
ve  ekonomik
acisindan iyi du-
rumda olmasty-
la birlikte ingat
sektorli  artmig
ve komsu iilke-
lerden gdcmen-
ler bu aday1 ya-
sam igin tercih
etmislerdi. Bu
yiizden 2-3 kathi
konutlar apart-
manlara doniis-
mislerdi. Hata
2012 yilinda
politika agisin-
dan Ankara’da
destek almistir (
Tamgelik, 2012:
2)

13. Sonug

KKTC diinyada en 6nemli adaylarindandir ve tarih siirecinde farkl
uyruklara misafirlik yapmustir bu ytizden zengin bir gecmise sahiptir.
Osmanli doneminde ada tamamen Tiirklerin egemenligindeymis. Bu
donemde kiiltiir ve politika agisindan iyi durumda oldugundan dolay:
adada yasayan insanlara konut, cami vs. binalar yapilmistir. Bu dénem-
de konutlar Osmanl kulttirtinii tasir ve benzer bir sekilde yapilmustir.
Osmanli doneminde Kibris'ta kendi yontemlerle degisimler yapmuislar
ama bu degisimler pozitif yondedir. Ingilizlerin politikalar1 ve kiiltiirle-
ri konutlarda yansimustir. Ingilizler Kibris'a geldikleri donem malzeme
acisindan, i¢ tasarim ve mobilya agisindan degisime ugramistir. Binalar-

240




KULTUR VE POLITIKANIN KUZEY KIBRIS TURK CUMHURIYETI KONUTLARININ UZERINDE ETKISI

da betonarme kullanimi ve i¢ tasarimda ise duvardaki dolaplar mobil-
yaya dontismiistiir. Savas doneminde ise konutlar ¢cok az sayida yapil-
mis ve yapilan konutlar sade bir sekilde yapilmistir. Savas doneminden
sonra ada iki boliime ayrildiktan dolayi, adada yasayan Tiirkler kuzeye
toplanirlardir. Bu yiizden kendi kiilttirlerini tekrar konutlarinda devam
etmislerdir. Ancak ilk senelerde go¢men insanlar adaya dondiikleri icin
¢ok sayida konuta ihtiya¢ doyulmustur boylece konutlar bu dénemde
asir1 bir sekilde yapilmis ve bu konutlar sade bir sekilde ve katlar art-
mistir. Ada iki boliime ayirmasina ragmen Giiney Kibris'ta hala Turk
kilttirti ve Osmanli doneminden gelen konutlarin kiiltiirleri devam
ediyor. Son dénemlerde ise politika iyi bir durumda oldugundan dolay:
diger iilkelerden de go¢ etmeye baslamislardi ve boylece asir1 bir sekilde
konut insaat1 artmustir.
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Abstract

Blockchain is an emerging and innovative technology that brought
many benefits to many sectors. Education is one of the most important
sectors that have a great effect on economic growth. Integrating block-
chain technology in the education field will have a significant impact on
its improvement especially nowadays during the coronavirus pandem-
ic when most schools and universities moved to online systems. Many
solutions have been proposed to address education challenges. In this
paper, we introduce the blockchain features that play a significant role
in improving the education industry. We present blockchain-based ap-
plications in education and we discuss and analyze a variety of existing
enabling technologies that were developed to be used in education sys-
tems and compare them in terms of blockchain key features. We also
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introduce the advantages of integrating blockchain technology in the
education system. Finally, we list the challenges of using blockchain in
education systems and provide some directions for improving the edu-
cation system.

Keywords: Blockchain, Education, Security, Smart Contracts.
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1. Introduction

Blockchain was first launched in 2008 and used as a peer-to-peer elec-
tronic cash system for Bitcoin cryptocurrency (Nakamoto, 2008). Block-
chain is a public distributed ledger in which the data is distributed among
users in a way that makes it difficult to tamper with. Recently, due to
its extensive features, blockchain has gained a significant attention, and
it is not only used in finance industry but also in many other sectors such
as education, healthcare, insurance, real estate, and commerce industry.
Education is one of the most important fields and the main key aspect
for the growth of other industries as well. Currently online learning has
become a recognized means of teaching. Increasing numbers of students
from different backgrounds and places are taking the opportunity to
study online especially after the coronavirus pandemic most universi-
ties chose to educate online nowadays. However, due to the lack of trust
and certification, online education is currently facing major challenges
that may have undesirable consequences. Therefore, the use of blockchain
in the education system is becoming a necessary condition to increase the
potential of educational institutions. To improve the education system,
many implementations have been developed; however, its success is still
incomplete. It is desirable to make full use of the potential of blockchain
technology in education. The proven characteristics and advantages of
blockchain technology can solve most of the problems currently faced
by the higher education system. In this paper we attempt to investigate
blockchain based applications in education and introduce its benefits and
drawbacks. The remainder of this paper is organized as follows: Section
2 provides an overview of the characteristics of the blockchain. In section
3, different blockchain based applications in education system are intro-
duced. In section 4, the existing blockchain based projects in education
are presented. In section 5, we list the advantages and obstacles of block-
chain technology in the education and provide some future directions.
Finally, we conclude in section 6.

2. Characteristics of The Blockchain

Before we discuss Blockchain applications in education it is necessary
to mention the characteristics or the key features of the blockchain that
education will benefit from. Blockchain’s features are as follows: decen-
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tralization, traceability, immutability, currency properties, consensus and
smart contract.

Decentralization is the process of distributing data among nodes
in different places in a peer to peer network so no single entity retains
the control. Data transmission, verification, confirmation, storage, main-
tenance and similar operations will be based on a distributed structure
framework. Data is grouped into blocks that are linked to each other form-
ing a chain, and each node in the network has the same exact copy of data.
In this structure, no trusted authority is needed (Nakamoto, 2008; Yumna
etal., 2019).

Traceability is that all transactions on blockchain are bundled into
blocks. Each block is connected to the previous and the next block through
a cryptographic hash. Every block contains the hash of the previous block.
Therefore, every data is trackable (Chen et al., 2018; Lin el al, 2017).

Immutability is the ability of blockchain to keep data untampered.
Due to its linked structure, each block contains the hash of the previous
one making it impossible to change data that is already included in the
blockchain. Because any change in the data will lead a change of the block
hash which is considered as the unique ID of the block, and it will be im-
mediately detected since all blocks are linked through block hashes (Aste
etal., 2017).

Currency properties, bitcoin was the first cryptocurrency issued. In
blockchain technology, cryptocurrency is a digital currency that is created
using different mining algorithms. While validating blocks the miner who
solves the block will get rewarded a cryptocurrency (Nofer et al., 2017).

Consensus mechanism is a fault tolerant process that is used in block-
chain technologies to achieve the agreement on data among nodes in a
distributed network. There are many consensus algorithms such as proof
of work (PoW) proof of state (PoS) and practical byzantine fault tolerance
(PBFT) (Bach et al., 2018).

Smart contract is a self-executing program stored on the blockchain
and run when some predefined conditions are met and according to the
terms of the agreement between the entities of the contract without in-
volving any intermediary. It is secure, fast, efficient and accurate (Buterin,
2014).
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Figmrel: Blodichan features.

Figurel: Blockchain features.

3. Blockchain Applications in Education

The education sector is facing the same problems that have plagued
it for years. For example, lack of transparency, inadequate student and
teacher accountability, lack of true desire for students to study, ineffec-
tive paper-based record-keeping methods and fake academic certificates.
The blockchain has the potential to improve education and address these
issues. There are various areas of blockchain applications in education.

Transparent Record Keeping

Using the blockchain, the data is stored in a database that is spread
across multiple locations. The blockchain records blocks into a sequen-
tial order as well as timestamps. Thus, when data is entered cannot be
altered.
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Authenticated Certificates

Besides maintaining records, blockchain is used to monitor and
facilitate schools and university accreditation and prevent certificates
falsification. Even if the certificates are lost, they can be easily verified.
Educational records stored on the blockchain can be accessed and trans-
mitted swiftly to other schools and organizations, including potential
employers. To provide others access to a student’s profile, all they have
to do is share a link or his digital address. Because the full history of
changes with signatures is maintained on the blockchain, this approach
provides complete legitimacy of credentials and student data.

Student Data Privacy and Consent

Most educational institutions require students” guardians to sign many
types of forms to allow schools to use student data, but they may not be able
to distinguish between the forms they signed for consent, nor do they know
where or when these forms will be used. To address this, Gilda, Shlok, and
Mehrotra, Maanav proposed a methodology for implementing blockchain
innovation using hyperldeger fabric and composer. This framework is used
to create a digital agreement that may be completed without the usage of a
third-party legally binding document (Gilda & Mehrotra, 2018).

Student Accountability

Teachers can utilize blockchain smart contracts to enter into digital
agreements with learners over the fulfillment of their assignments. The
agreement spells out all of the assignment criteria, such as the directions,
requirements, and deadlines. When students finish the work and meet
all of the criteria of the agreement, they may be granted automatic entry
to the next section of the course or get credit and a certificate of comple-
tion. Basically, smart contracts can help provide independent learning in
a typical classroom setting, as well as provide the incentive factor that is
sometimes lacking in traditional educational systems.

Automated evaluation is used. For instance, the course learning
outcomes accomplishment values, the course name and weight can be
included in the block. The transformation of student achievement as-
sessment results to post-job competence evaluation results may also be
done, and student competency evaluation results will be given to the
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curriculum, ensuring the program’s continual quality development. In
the block, diplomas of graduated students as well as information that
has been used to create an index capacity of graduate requirements
during the learning process are included. Therefore, in contrast to the
previous crude approval based solely on the diploma, there is the ability
to approve the structure of the learning process, verify the gold content
of the diploma, and categorize different students who receive the diplo-
ma. Learning outcomes may originate from a variety of sources, includ-
ing educational institutions, professional experience, online studies, and
other learning methods. Because of the outcomes-oriented educational
concept, learners can receive a diploma if they meet the institution’s
graduate requirements index points (Duan et al., 2017).

Motivating Students and Teachers

To inspire students and urge professors to participate to the educa-
tional process by generating new learning materials and contributing in
research, cryptocurrency and tokenized credits can be utilized to create
effective incentive systems. Smart contracts can be created to reward ful-
filled activities with cryptocurrency. Teachers will be able to further mo-
tivate students by awarding extra credit to best performers. Tokenized
credits can be used to pay for tuition, buy school supplies and other in-
structional resources, and cover other educational costs. Rewarding stu-
dents for finishing a particular major and getting a university credential
could drastically reduce the percentage of students who drop out before
completing their education (N. Szabo, 1997).
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Figure2: Blockchain based education application.
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4. Blockchain Based Projects in Education

Although there are various blockchain based applications to be used
in the education field only few institutes and universities have applied
the blockchain technology in their education systems. In the following
we discuss the available blockchain based projects.

Edgecoin: Is the first blockchain educational project that aims to
solve payment problems by providing a decentralized payment system
open for educational institutions to make transactions such as paying
for educational services. This includes paying enrollment fees, books,
accommodation, rental of transport and other educational items needed.
Edgecoin is run on stellar blockchain using PoS consensus. It is secure,
fast and efficient (Chen et al., 2018).

Tutellus: Is a blockchain platform that seeks to minimize education
cost for students and bring motivation for both students and teachers
since it pays students for learning and remunerates teachers for the value
they provide. It is based on Ethereum blockchain and it aims to reduce
the poverty through education. In addition, Tutellus project attempts to
lower the gap between education and employment thus solving the lack
of opportunities of jobs (Guustaaf et al., 2021).

Sony Global Education (SGE): Is a blockchain-based system that se-
curely stores and shares student data. It allows educational and training
organizations to contribute data to the system and makes it verifiable.
It grants organizations required rights to analyze the data to identify
trends in education and training in the population and evaluate the ef-
fectiveness of various education and training programs. The key features
of this project are: extremely reliable data storage, flexible access control,
tamper-proof learning history records, and data sharing with different
organizations. SGE is based on Hyperledger Fabric blockchain (Tur-
kanovié, 2018; Sharples, 2016; Ocheja, 2018).

TeachMePlease (TMP): Is a project that runs on DISCIPLINA block-
chain. It provides a platform that allows effective cooperation between
students, teachers and educational institutions. It also allows students
to choose classes according to their needs, communicate with each oth-
er and manage their process. Meantime, it provides educational institu-
tions the ability to access to course creation tools, assignments, academic
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history of students, and pricing. TMP keeps a unified database based on
the performance of each user. This helps to create rating of users of the
platform (Kuvshinov, 2018).

Blockcerts: Is an open source project that was developed by MIT
and Learning Machine. Using blockchain, it allows official records to be
issued, viewed and verified in a secure manner. It provides e-certificates
and diplomas that can be verified instantly and free of cost anywhere
in the world. It is based on Bitcoin blockchain technology. It gives to
the users the ability to hold and share their own digital records that are
cryptographically signed (Hameed, 2019).

GradeBase: Is a project based on Bitcoin blockchain technology that
provides a system that enables the verification of educational records
and qualifications in a quick and easy way. It includes a QR code in stu-
dents CVs, LinkdIn and online profiles. When it is scanned the record or
qualification will be verified instantly with the same standards all over
the world. Thus, preventing all types of frauds (Hameed, 2019).

Echolink: Is a system built on EKO blockchain which is a public
blockchain that uses proof of professional stake consensus (PoPS) proto-
col. It provides verified information about education, skills and work ex-
perience. EchoLink system enables storing professional and other relat-
ed data in an immutable format on blockchains. Multiple public, shared
and private blockchains are supported and accessible through Echolink
system (Williams & Dolan, 2020).

Origin-Stamp: Is a web based, trustworthy timestamping service
that stores anonymous, tamper-proof time stamps for any digital infor-
mation using the decentralized Bitcoin blockchain. Users can use Ori-
gin-Stamp to hash files, emails, or plain text, then save the hashes in the
Bitcoin blockchain, as well as retrieve and validate time stamps that have
been committed to the blockchain. Origin-Stamp is free and simple to
use, allowing anyone, such as students, researchers, authors, journalists,
or artists, to demonstrate that they were the original source of certain
material at a specific point in time (Hepp et al., 2018).

APPII: Employers and recruiters must verify educational and job
experience, which is a costly and time-consuming process. To verify an
individual’s claims regarding their education and work, the recruiting
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industry uses various verifications across organizations and intermediar-
ies. APPII intended to change the cross-referencing process by giving the
candidate control over the process, allowing for faster and less expensive
checks. APPII guarantees that verifying a candidate’s experience is a one-
time event, with the record of the verification securely and completely ac-
cessible to anybody or any organization (Retrieved from: https:/ /appii.io)

ODEM: Is a platform that connects students, professors, and oth-
er stakeholders in order to provide appropriate services and courses.
Furthermore, ODEM offers potential in the obstacles that students ex-
perience in acquiring a solid education. Because employing a block-
chain-based infrastructure can boost educational development while
also being low-cost and simple to manage (Alam & Benaida, 2020).

Parchment: Is a platform to evaluate academic qualifications, pro-
cess programs, and generate certificates. Students can simply commu-
nicate their academic performance with potential employers (Alam &
Benaida, 2020). This is the most extensively used electronic credential
service, which enables students, academic institutions, and businesses
to effortlessly apply, verify, and exchange their credentials in a secure
environment. Its platform has facilitated the transfer of more than thirty
million transcripts and other certifications between millions of people
and thousands of colleges and universities around the world (Alam &
Benaida, 2020).

TrueRec: Is a project developed by the SAP Innovation Center Net-
work that permits academic accomplishments to be recorded on the
Ethereum public blockchain and allows users to store professional and
academic credentials, which are granted by academic institutions, in the
TrueRec app on their device. When a new credential or document is is-
sued by TrueRec, the user receives it as a TRU file, with the credential’s
digital fingerprint (hash) stored on the blockchain. Because the creden-
tial itself isn’t stored on the blockchain, the individual’s privacy is safe-
guarded. At the same time, because the blockchain is the one source of
truth, anyone may quickly check the credential’s validity after obtaining
it from the user (Dias, 2018).

BitDegree: BitDegree offers software and technology-related online
courses. With tokenized bursaries, students are incentivized to learn.
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The platform offers a gamified atmosphere where learners are given a
character and must complete quests to explore the virtual world. When
they achieve substantial learning and course completion goals, they are
rewarded and recognized by future employers who are also registered
on the platform. The blockchain stores all academic certifications, which
are aggregated in the student’s profile. Companies wishing to hire new
computer specialists with fresh insights can keep an eye on the students’

progress and select the best candidate (Steiu, 2020; Schnorr, 1991).

Tablel: Comparison of educational projects.
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5. Benefits of Blockchain on The Education System and Challenges

5.1. Advantages

Degree fraud, education verification, and the difficulty of translating
and comparing the same degrees across different learning institutions
are all issues that universities, individuals, and companies confront to-
day (Elendner et al., 2016). In addition, the expenses of printing, vali-
dating, and archiving degrees and certifications are very costly. While
e-learning is becoming increasingly popular, there is currently no stan-
dard guidelines that are acknowledged by all enterprises, countries, or
institutions for the verification of certification and validation of compe-
tences. The incapacity to validate skills contributes to the wide gap in
the employment. The education industry requires solutions that make
validation, verification, and aggregation of person’s educational re-
cord much easier as well as enable the user to look for jobs and employ
competent candidates. Therefore, since blockchain is a secure, fast, and
cost-effective mechanism to organize records and data such as degrees,
e-learning certificates, blockchain-based educational projects solved all of
the concerns. The education system will be disrupted by blockchain-en-
abled products and services. We classify the advantages of blockchain
on education as follows:

Building trust between parties: The blockchain strategy would
make a connection between multiple smart devices due to its advanced
features. Only confirmed devices could interact with the system, and
miners would have to confirm every block first (Turkanovic et al., 2018).

Minimize cost: Since the blockchain does not rely on any third par-
ties, the costs are reduced. Authors in demonstrated how blockchain
helps to reduce the costs of storage, transactions and educational records
management and maintenance. By using private or public networks, the
fees of the traditional way of storing data in cloud can be minimized.
Basically, the blockchain reduces all costs that are associated with certif-
icates verification and processing (Holbl et al., 2018).

Reduce time: It saves a significant amount of time. The transaction
time is reduced from weeks to seconds using the blockchain. For exam-
ple, in the traditional system, when a student wants to enroll in a univer-
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sity, he spends a significant amount of time filling out forms and waiting
for a response from the university administration.

Security: Due to its infrastructure, the blockchain provides security
to users, data, and other agents.

Educational Institution duties: In educational institutions, block-
chains have the potential to change certain functions. The blockchain
would be an excellent format for granting qualifications and experience,
as it would eliminate the role of the institution administrator as the de-
livery site. This would also reduce a stream of profits for the institution,
possibly lowering costs or allowing those services to be distributed ev-
erywhere. Higher education institutions around the world are currently
introducing blockchain courses to their students, recognizing the bene-
fits of technology advancements. Many countries with blockchain edu-
cational institutions include the United States, Canada, and Denmark.
Cornell University in the United States was one of the first universities
to include blockchain courses in its program.

Transparency and accountability: The blockchain helps to improve
both transparency and accountability since all records are stored in one
place and accessible easily from any location (Arenas & Fernandez, 2018).

5.2. Challenges and Future Directions

Even though blockchain has many advantages for improving the
education industry, there are many concerns that must be considered.
The main challenge is related to the scalability of blockchain to handle
large amount of data. There are many solutions proposed to solve this
issue but still the blockchain suffers from scalability bottlenecks. Anoth-
er problem is relevant to blockchain’s privacy and security. Malicious
threats and data leakage are two examples of security and privacy risks
that could arise when using blockchain technology. The cost of using
blockchain in education is the third main challenge, which includes the
cost of processing power, the cost of changing existing infrastructure,
and the cost of handling large amounts of data. The fourth problem is
associated with trust. Institutions of higher learning are still hesitant to
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share their data on a blockchain network. Furthermore, the immutability
of blockchain, which is a key attribute of the technology, may represent
a barrier to its acceptance in the field of education. It may be difficult
for educational institutions to implement new information storage laws
or correct invalid information due to immutability. Another issue with
blockchain technology is that it is still in its infancy. Some immaturi-
ty issues, such as poor usability and confusing configuration, still affect
blockchain. In addition, educational institutions are of centralized nature
including decentralized blockchain into their systems will affect their
process.

Blockchain is one of the most significant innovative technologies re-
cently. It will most likely take a long time for the technology to gain
widespread acceptance. This is because there are a number of issues that
must be addressed before the technology can be used in the education
field.

A significant area where blockchain might be of a considerable ad-
vantage is collaboration and partnership among educational institutions.
As previously mentioned, some educational institutions are experiment-
ing blockchain as a secure and reliable ledger to track their students’
academic accomplishments. This includes not only keeping track of stu-
dents’ certificates, but also their various learning results and competenc-
es. A future research project in this area would look into how blockchain
could be used to help educational institutions collaborate and partner
more effectively. Smart contracts can be used to record and share stu-
dents’” information. Furthermore, a current issue with blockchain tech-
nology is the lack of usefulness of its products, Also, there is a lack of ter-
minology clarity of the technology. Moreover, many complex settings,
such as the primary keys and public keys may be required to be stored
by the user for security reasons. For users in the education field, block-
chain has entirely new terminology that can be difficult to grasp. The
usability of blockchain products must be improved by creating simple
interfaces so that people with no technical knowledge can understand
and use the system.

To solve the scalability issues multiple solutions were proposed.
Therefore, integrating such solutions into the blockchain based educa-
tional applications, will help improving them at large extent.
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6. Conclusion

Applying blockchain technology into the education sector is still in
its early phases. In this paper, we introduced the key feature of block-
chain that the education sector can benefit from and we also presented
existing blockchain based educational applications. Finally, the benefits
and challenges that face integrating blockchain into educational systems
are discussed. Meantime we gave some few directions for future proj-
ects in this sector. Although there are plenty of solutions proposed there
is every time new challenges that appear. This paper can serve as an
overview of the application of blockchain in the education in general, its
advantages and drawbacks and provide a clear insight into the different
projects available that educational institutions could use.
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CLIMATE DATA ANALYSIS: A REVIEW OF Al
METHODS IN DROUGHT PREDICTION AND
EVAPOTRANSPIRATION ESTIMATION

Yasser Zouzou!

Abstract

Humans have been systematically recording climate data since the
mid-nineteenth century. Moreover, the use of satellites to collect climate
data has significantly increased the available data in this field. Data anal-
ysis tools aimed for climate data analysis are in constant development
to keep up with the exponential increase in collected climate data. The
need for robust data analysis methods for climate data is in greater de-
mand with the increasing interest in climate change. This paper reviews
the recent developments and applications of data science tools for cli-
mate data analysis and prediction. The paper focuses on studies in two
fields: drought forecasting and evapotranspiration estimation. Several
research regarding drought forecasting using various drought indices
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and machine learning (ML) models are examined. Evapotranspiration
estimation using ML models trained on limited climatic variables in-
stead of empirical methods that require numerous measurements is also
reviewed. The studies emphasize the potential of machine learning in
the field of climate data analysis due to the ability of ML to deal with
large datasets and non-linearities.

Keywords: Climate Analysis, Climate Databases, Drought Forecast,
Evapotranspiration Estimation, Artificial Intelligence, Machine Learn-

ing.
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1. Introduction

Climate data analysis and prediction have been practised way be-
fore the emergence of the term data science. Records of temperature
covering most of the earth date back to 1880. Early data was collected
using sensors in dedicated measurement towers. With the invention of
satellites, special weather satellites were introduced to monitor the cli-
mate of the earth. This allowed for a larger flow of climate data, conse-
quently increasing the demand on data analysis tools oriented for cli-
mate datasets. More recently, data retrieved through numerical climate
simulations started to compose the largest portion of available climate
data. Fig. 1 shows the size and source of climate data currently available
and the prospected size in the future. Due to the importance of climate
data, more specifically climate predictions, great efforts have been put
to utilize the available data to provide clear descriptions of the current
climatic state of the earth and obtain accurate predictions for the future
states. This has led to the exploitation of Al tools in climate data analysis

and prediction.
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Fig. 1. Sizes and sources of climate data (Overpick et al., 2011).

This paper will review recent applications of data science tools in
particularly two climate science areas of study: early drought warning
and evapotranspiration prediction.
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2. Drought Prediction

Droughts have immense humanitarian and economic impacts on
countries. The estimated global losses caused by droughts in the 20
years between 1998-2017 are $1.5 billion (Huntingford et al., 2019)'kely
requiring considerable adaptation to cope with future altered weather patterns. Machine learning (ML. Moreover,
in the 2010-2012 Somalia famine, which was mainly caused by drought,
258,000 people lost their lives (Checchi & Robinson, 2013). These num-
bers emphasize the criticality of drought and the necessity of early
drought prediction. Having the ability to predict a drought allows for
precautional measures to be taken earlier, consequently minimizing ca-
sualties and losses. Climate scientists have used various indices to cate-
gorize droughts according to their severity. Precipitation, temperature,
and evaporation are the main variables used in most indices to describe
drought conditions. Drought prediction has been a researched subject
for decades. Earlier attempts to predict droughts used statistical models
applied on historical data to retrieve relationships between different cli-
matic variables and drought indices. However, due to the various vari-
ables that drought depends on, along with the complex and nonlinear
nature of drought relationship with those variables, statistical models
were not sufficient in defining these correlations. In recent years, ma-
chine learning models were utilized to forecast droughts. The advantage
of ML models is their ability to find patterns and correlations between
numerous variables even in cases of nonlinearity. This, however, re-
quires large climate datasets to train models, which is widely available
thanks to satellite data. In this section, a number of studies in this area
will be examined.

Belayneh et al. predicted droughts in the Awash river basin based
on the Standard Precipitation Index (SPI) using machine learning mod-
els (Belayneh, Adamowski, and Khalil 2016). The Awash River basin
(Fig. 2) is located in Ethiopia. The basin was divided into upper, mid-
dle, and lower basins for modelling purposes. The SPI index used in this
study classifies water availability conditions depending on precipitation
measurements only. SPI value ranges between -2 for extremely dry to 2
for extremely wet. Drought occurs when SPI values stay negative for a
prolonged period of time.
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Fig. 2. The Awash River basin in Ethiopia (Belayneh et al., 2016).

Belayneh et al. used Support Vector Regression (SVR), Autoregres-
sive Integrated Moving Average (ARIMA), and Artificial Neural Net-
works (ANN) to model SPI time series for drought prediction. WA-SVR
and WA-ANN models were also used in this study, where the WA in-
dicates that inputs have been transformed using denoising wavelet
transforms. Results show that SVR and ANN models were superior to
ARIMA models in 1- and 3-months lead forecasts. Moreover, applying
wavelet transforms on the input time series improved the performance
of both SVR and ANN models. Fig 3. Shows a comparison between ob-
served SPI values and values predicted by the best WA-SVR model for
a 1-month lead forecast. Finally, the authors concluded that for this case
study, ANN models are most suitable for drought prediction using SPL
SVR models have the potential of giving better results if a comprehen-
sive parameter selection scheme is available as a more robust alternative
to trial and error.
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Fig. 3. 1 month lead SPI forecast results for the best WA-SVR model (Belayneh
etal., 2016).

Agana et al. investigated the use of deep belief networks (DBN) for
drought forecasting using the standardized streamflow index (SSI) (Aga-
na & Homaifar, 2018). SSI classifies drought conditions based on river
streamflow measurements. SSI is standardized using the same method
to standardize SPI, therefore a drought is assumed to happen when the
index remains negative for some time and ends when it retains positive
values. This study was applied on a dataset of monthly streamflow mea-
surements for the years between 1906-2014 in the Colorado River basin
in the USA. In order to reduce noise in data, empirical mode decompo-
sition (EMD) was used to decompose the time series data into signals of
different frequencies (intrinsic mode functions (IMF)). Then, using de-
trended fluctuation analysis (DFA), the main frequencies (IMFs) were
used to reconstruct the time series. This procedure allows for irrelevant
variations in the time series (noise) to be excluded, ensuring better per-
formance of the machine learning models. Deep belief networks are neu-
ral network-based models constructed of several restricted Boltzmann
machines (RBM). DBNs are trained in two phases. First, unsupervised
learning allows for the initialization network parameters with reason-
able values to decrease convergence time in subsequent optimization.
Then, available data is used to train the model (supervised learning). Re-
sults were compared to SVR and multi-layer perceptron (MLP) models.
It was shown that data denoising using EMD-DFA scheme decreased
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prediction errors significantly for all models. For 1-month lead predic-
tions, EMD-DBN and EMD-SVR models showed similar results. How-
ever, for 2-month lead forecasts EMD-DBN models were superior. This
shows the importance of pretraining neural networks for parameter ini-
tialization. Fig. 4 shows 1-month and 2-month lead-time predictions of
the EMD-DBN model compared to observations in one of the stations on
the Colorado river.
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Fig. 4. Observations and predictions of an EMD-DBN model in one of the sta-
tions (Agana & Homaifar, 2018).

P. Maca and P. Pech investigated drought prediction in Leaf River
and Santa Ysabel Creek basins in the USA using two types of neural
networks: feed forward multilayer perceptron (sANN) and integrat-
ed neural network model (hANN) (Maca and Pech 2016). Unlike the
two previous research, this study used two drought predicting indices:
standardized precipitation index (SPI) and standardized precipitation
evaporation index (SPEI). SPEI takes into consideration both precipita-
tion and potential evapotranspiration to assess drought severity. Input
data was normalized using max-min normalization, which transforms
the data to a 0-1 range. The sANN model is a normal feedforward MLP
with one hidden layer in this case. The hANN model, however, consists
of five MLP models stacked together, where the output of every model
serves as the input for the next model. Results show that there is high
correlation between SPEI and SPI indices, therefore drought forecasts
using the two indices were almost identical. Regarding the machine
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learning models, the integrated neural network model was found to be
superior to the normal MLP model in all test cases. Fig. 5 shows the SPI
predictions and model predictions of one of the hANN models for both

basins.

Fig. 5. Observations and predictions of an hANN model: The green line rep-

resents model predictions and the blue line represents observations of SPI (Maca and

Pech, 2016).

A. Alsumaiei and M. Alrashidi forecasted droughts in Kuwait, which

is located in a hyper-arid area, using non-linear autoregressive neural
networks (NAR) (Alsumaiei and Alrashidi 2020). The precipitation in-
dex (PI) was used to predict droughts in this study. Similar to the SPI,
negative values of PI indicate droughts, with -1 indicating the most
extreme drought. NAR models are recurrent neural networks, meaning
that some outputs are sent back as inputs, that integrate auto regres-
sive models to predict time series data (Fig. 6). 12-month and 24-month
scale PI values were used for next-time-step PI prediction. It was shown
that NAR models produced acceptable accuracies, with models using

24-month scale PI values being more accurate (Fig. 7).
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Fig. 6. Conceptual illustration of nonlinear autoregressive neural networks

(NAR) (Alsumaiei & Alrashidi, 2020)
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Fig. 7. Scatter plot of PI observations and NAR forecasts (Alsumaiei &
Alrashidi, 2020)

3. Evapotranspiration Estimation

Evapotranspiration is the loss of moisture from earth by evaporation
of free water and transpiration from plants. Evapotranspiration measure-
ments are necessary to determine the water loss from crops and soil to
subsequently plan irrigation schemes according to demands (Droogers
& Allen, 2002).
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Measuring evapotranspiration is hard due to the variety of factors
influencing this process. These factors include solar radiation, tempera-
ture, soil properties, plant properties, humidity, etc. In order to normal-
ize evapotranspiration measurements, Food and Agriculture Organiza-
tion of the UN (FAO) recommends the use of the FAO-56 PM equation
to calculate reference evapotranspiration (ET0). ETO is the evapotrans-
piration that occurs from a surface with certain properties and specific
crops. Then, the evapotranspiration relevant to a certain area can be
derived by knowing the correlations between soil and crop types and
evapotranspiration. The FAO-56 PM equation, however, requires many
climatic measurements and physical properties, which are not always
available. This complexity of evapotranspiration measurement has in-
duced research in estimating its values from easily obtainable climatic
measurements, such as temperature and wind speed, using different
machine learning models.

V. Nourani et al. thoroughly reviewed the use of artificial intelli-
gence tools for reference evapotranspiration estimation, focusing on
studies that apply a Wavelet transform on input variables (Nourani et al.
2014). M. Chia et al. provide a more recent review of ET0 estimation us-
ing Al methods (Chia et al., 2020). M. Chia et al. focused in their review
on hybridization methods. Hybridization is the use of data from differ-
ent resources or a combination of different machine learning models to
predict target variables with better consistency and less errors. In this
section, a number of recent research on the previously mentioned subject
will be examined.

H. Citakoglu et al. estimated monthly mean reference transpiration
in Turkey from several combinations of input variables using adaptive
network based fuzzy inference system (ANFIS) and artificial neural net-
work (ANN) models (Citakoglu et al., 2014)air temperature, relative hu-
midity, and solar radiation, recorded at stations in Turkey, are used as
inputs to the ANFIS and ANN models so as to calculate ET 0 given by
the FAO-56 PM (Penman-Monteith. Measurements spanning between
20-45 years were collected from 275 stations in Turkey. Monthly mean
ETO0 was calculated in these stations using the recommended FAO-56
PM equation. Then, ANFIS and ANN models were applied to predict
monthly mean ETO values from different combinations of climatic vari-
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ables and results were compared to empirical estimation methods. H.
Citakoglu et al. concluded that solar radiation, air temperature, wind
speed, and relative humidity are the most effective input features for
estimating ET0. Moreover, ANFIS models were found to be marginal-
ly better than ANN models in this respect. Fig. 8 shows a comparison
of ANFIS model predictions and the calibrated Hargreaves empirical
method.
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Fig. 8. Monthly mean ETO predictions and measurements (Citakoglu et al.,
2014)air temperature, relative humidity, and solar radiation, recorded at stations in
Turkey, are used as inputs to the ANFIS and ANN models so as to calculate ET 0
given by the FAO-56 PM (Penman-Monteith.

Left: calibrated Hargreaves equation. Right: ANFIS model.

X. Wen et al. set a measuring station in a specific site in Ejina basin
in China to measure meteorological data required for daily ETO estima-
tion using the FAO-56 PM equation (Wen et al. 2015)particularly in ex-
tremely arid regions. The objective of this research was to evaluate the
use of a support vector machine (SVM. Then, support vector regression
(SVR) models were used to estimate daily ET0 values. The measuring pe-
riod was 146 days, whereby the first 102 days were used as training data
and the remaining 44 values as a training set. The results show that even
though the dataset was significantly small, SVR models were able to es-
timate ETO with acceptable accuracies. Results show that models that
took in maximum and minimum daily temperatures and solar radiation
as inputs gave the most accurate results. It is worth mentioning that all
used methods tended to underestimate ETO values in comparison with
FAO-56-PM. This study shows that Al techniques can be efficient even
when only small datasets are available.
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Z. Yin et al. used support vector regression and extreme learning
machines (ELM) to predict future variations in ETO (Yin et al., 2017).
Evapotranspiration is dependent on various meteorological variables,
and these variables are in continuous variation because of climate change
and global warming. Predicting future variations in ETO allows for plan-
ning and preparations to be made to cope with these variations. This
study was conducted on the headwater region of the Heihe river in Chi-
na. Combined data from local weather stations and the simulated global
climate model (GCM) for the years 1961-2005 were used in this study.
Projected climatic variables, such as temperature, humidity, wind speed
etc., for the years 2010-2099 were obtained from GCM too. Data between
1961-1990 was used to train the model, and data for years 1991-2005 was
used to test the models. Results from the testing phase showed that there
is high correlation between FAO-56-PM ET0 values and GCM-based val-
ues, which renders future GCM projections suitable for ET0 prediction.
Z. Yin et al. concluded that both models showed similar accuracies in
ETO prediction. Fig. 9 shows boxplots of future predictions divided to
short-term, mid-term, and long-term.
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Fig. 9. ETO projections based on two different GCM scenarios (Yin et al., 2017).

C. Carter and S. Liang compared ten machine learning models to
predict ET values using data collected from satellite sensors (GLASS,
MODIS) and data from measuring towers obtained from Fluxnet and
Ameriflux (Carter & Liang, 2019). The dataset used for this study con-
tained instances from different locations around the world. The study
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focused on the training times of the different methods and their resulting
accuracies. Data was split twice, firstly to a small training set and larger
validation and test sets, to test training times, and secondly into a large
training set and smaller validation and test sets, for calculation of final
accuracy and errors. Models with training time of 10 min or more per
iteration in the first data split were excluded. This study emphasized the
potential of satellite data inclusion in ML models for ETO estimation.

Haijiao Yu et al. investigated the uncertainty of artificial intelli-
gence methods in estimating daily reference evapotranspiration (Yu et
al. 2020). Whereas other papers were concerned about the potential of
different AI models for ETO estimation and their accuracies, this paper
attacked the problem from a more scientific way. Authors investigated
the influence of different variables on Al models and the variation of ET0
estimations, taking a step towards proving the practical and scientifical
Al solutions for reference evapotranspiration estimation. The study was
conducted on a dataset belonging to Altay Prefecture province in China.
Probability distributions were fitted to the variables in order to generate
large amounts of random input data. Then, various variables and mod-
els were combined to study the effect of every variable on models. It
was shown that wind speed, solar radiation, and max/min temperatures
were the most contributing variables to the variation of ETO estimates
(Fig. 10). These results were scientifically verified through the explana-
tion of energy transformation and evapotranspiration demands.
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Fig. 10. ETO variations related to different variables (Yu et al., 2020).
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M. Sattari et al. included kernel-based machine learning methods
in their comparison of different ML models for monthly evapotranspi-
ration estimation (Sattari et al., 2021). The study was conducted on data
collected from weather stations in the province of Corum, Turkey. Data
constituted of measurements from 312 months, spanning between 1993-
2018, of which 200 were used as training data and 112 as test data. The
study concluded that kernel-based ML models, like gaussian processes,
returned good results, however, Broyden-Fletcher-Goldfarb-Shanno ar-
tificial neural network (BFGS-ANN) showed the lowest errors between
all models (Fig.11).

Fig. 11. ETO time series prediction vs observation for two variable combination

scenarios (Sattari et al., 2021).

4. Conclusion

Artificial intelligence has taken a large portion of research in climate
science. The nonlinearity of meteorological variables and their depen-
dency on many other properties and variables render machine learning
models beneficial and efficient in this field. Moreover, climatical data is
available in large datasets, which is necessary for ML applications. The
previously reviewed papers showed that drought forecasts can be done
with acceptable accuracies using various data transform schemes and
machine learning models. Furthermore, reference evapotranspiration
can also be estimated with high accuracy using easily measurable vari-

ables, allowing for ET0 estimation in undeveloped areas.
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Future studies should first be more data focused than model fo-
cused. Most studies focus on model types and parameters, ignoring the
scientific bases influencing predictions. Secondly, integrating the avail-
able prediction methods with AI driven methods should be studied to
take a step towards practical application. These steps will allow for the
creation of robust models that integrate empirical and data-driven meth-
ods to produce reliable results for real-world application.



6. ULUSLARARASI OGRENCI BILIMLER KONGRESI BILDIRILER KiTABI - 2

REFERENCES

Agana, N. A. & Homaifar, A. (2018,). EMD-Based Predictive Deep Belief
Network for Time Series Prediction: An Application to Drought Forecasting.
Hydrology, 5(1). doi: 10.3390/ hydrology5010018.

Alsumaiei, A. A., & Alrashidi, M. S. (2020). Hydrometeorological Drought
Forecasting in Hyper-Arid Climates Using Nonlinear Autoregressive Neural
Networks. Water (Switzerland), 12(9). doi: 10.3390/ W12092611.

Belayneh, A., ]. A. & Khalil, B. (2016). Short-Term SPI Drought Forecast-
ing in the Awash River Basin in Ethiopia Using Wavelet Transforms and Ma-
chine Learning Methods. Sustainable Water Resources Management, 2(1), 87-101.
doi: 10.1007 /s40899-015-0040-5.

Carter, C. & Liang, S. (2019). Evaluation of Ten Machine Learning Meth-
ods for Estimating Terrestrial Evapotranspiration from Remote Sensing. Inter-
national Journal of Applied Earth Observation and Geoinformation, 78, 86-92. doi:
10.1016/j.jag.2019.01.020.

Checchi, F. & Robinson, W. C. (2013). Mortality among Populations of
Southern and Central Somalia Affected by Severe Food Insecurity and Famine during
2010-2012.

Chia, M. Y., Huang, Y. F.,, Koo, C. H. & Fung, K. F. (2020). Recent Advanc-
es in Evapotranspiration Estimation Using Artificial Intelligence Approaches
with a Focus on Hybridization Techniques — A Review.

Citakoglu, H., Cobaner, M., Haktanir, T. & Kisi, O. (2014). Estimation of
Monthly Mean Reference Evapotranspiration in Turkey. Water Resources Man-
agement, 28(1), 99-113. doi: 10.1007/s11269-013-0474-1.

Droogers, P. & Allen, R. G. (2002). Estimating Reference Evapotranspi-
ration under Inaccurate Data Conditions. Irrigation and Drainage Systems, 16,
33-45.

Huntingford, C., Jeffers, E. S., Bonsall, M. B., Christensen, H. M., Lees,
T. & Yang, H. (2019). Machine Learning and Artificial Intelligence to Aid
Climate Change Research and Preparedness. Environmental Research Letters,
14(12). doi: 10.1088/1748-9326/ ab4e55.

Maca, P. & Pech, P. (2016). Forecasting SPEI and SPI Drought Indices Us-
ing the Integrated Artificial Neural Networks. Computational Intelligence and
Neuroscience 2016. doi: 10.1155/2016/3868519.

280



CLIMATE DATA ANALYSIS

Nourani, V., Baghanam, A. H., Adamowski, J. & Kisi, O. (2014). Appli-
cations of Hybrid Wavelet-Artificial Intelligence Models in Hydrology: A Re-
view. Journal of Hydrology, 514, 358-77. doi: 10.1016/j.jhydrol.2014.03.057.

Overpick, J. T., Easterling, D. R., Meehl, G. A. & Bony, S. (2011). Climate
Data Challenges in the 21st Century. Science, 331, 700-702.

Sattari, M. T., Apaydin, H., Band, S. S., Mosavi, A. & Prasad, R. (2021).
Comparative Analysis of Kernel-Based versus ANN and Deep Learning
Methods in Monthly Reference Evapotranspiration Estimation. Hydrology and
Earth System Sciences, 25(2), 603-18. doi: 10.5194/ hess-25-603-2021.

Wen, X, Si, J., He, Z., Wu, J., Shao, H. & Yu, H. (2015). Support-Vec-
tor-Machine-Based Models for Modeling Daily Reference Evapotranspiration
With Limited Climatic Data in Extreme Arid Regions. Water Resources Man-
agement, 29(9),3195-3209. doi: 10.1007/s11269-015-0990-2.

Yin, Z., Feng, Q., Yang, L., Deo, R. C., Wen, X,, Si, ]. & Xiao, S. (2017).
Future Projection with an Extreme-Learning Machine and Support Vector
Regression of Reference Evapotranspiration in a Mountainous Inland Water-
shed in North-West China. Water (Switzerland), 9(11). doi: 10.3390/w9110880.

Yu, H.,, Wen, X,, Li, B, Yang, Z., Wu, M. & Ma, Y. (2020). Uncertainty
Analysis of Artificial Intelligence Modeling Daily Reference Evapotrans-
piration in the Northwest End of China. 176(August). doi: 10.1016/j.com-
pag.2020.105653.






DEEP LEARNING MODEL FOR AUTOMATED DIAGNOSIS OF SEIZURE USING EEG SIGNALS

DEEP LEARNING MODEL FOR AUTOMATED
DIAGNOSIS OF SEIZURE USING EEG SIGNALS

Huda M. S. Algharib’

Abstract

A seizure (or epileptic seizure) is a brain disorder includes serious
symptoms such as involuntary movements and consciousness disorders.
Electroencephalogram (EEG) is prominently used to measure and mon-
itor the electrical activity of the brain. The interpretation of EEG signals
helps to understand the pathophysiology of the brain, hence assisting
in the diagnosis brain abnormalities and disorders. However, the EEG
signals are extremely difficult to interpret due to their nonlinear and
non-stationary nature. Diagnosis and monitoring of the disease using
the conventional machine learning techniques require a lot of domain
expertise and sound knowledge of data mining to learn a robust mod-
el. More recently, deep learning methodologies have shown promising
improvement in the recognition accuracy of EEG signals. In this study,
a new deep learning model is developed for Computer-Aided Diagno-
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sis (CAD) of seizures based on EEG signals. The proposed 1DCNN-Bi-
GRU model combines one-dimensional convolutional neural network
(IDCNN) with Bidirectional Gated Recurrent Unit (BiGRU) to extract
the spatial and temporal features from EEG signals, and then utilizes a
dense layer with softmax activation function to classify the features. The
proposed model is validated and tested using Bonn University database,
achieving high classification accuracies.

Keywords: Seizure Detection, EEG, Deep Learning, CNN, GRU, Bi-
GRU.
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1. Introduction

The brain is a vital organ that represents the center of the human
body and controls important tasks such as movement, emotions, com-
munication, language, thinking and memory, in addition to, its respons-
es to the environmental demands and changes. All these tasks can be
achieved via the chemical and electrical signals of the brain. However,
many of the brain disorders are mainly linked to the abnormal changes
in electrical brain activity such as epileptic seizures. Several screening
techniques have been developed to diagnose epileptic seizures, includ-
ing MRI, EEG, Magnetoencephalography (MEG) and Positron Emission
Tomography (PET) (Kulaseharan et al., 2019; Zazzaro et al., 2019; Klink et
al,, 2019). The EEG is more preferred than the other techniques because
it can monitor the neural or the electrical brain activity over a period of
time and exhibit clear rhythms in the frequency domain in addition, it
is economical and portable (Subasi et al., 2019). Figure 1 shows how an
EEG device records the electrical activity of the brain. It contains metal
electrodes that can detect brain activity when placed on a subject’s scalp.
The electrodes transform the electrical activity into patterns, commonly
called brain wave, and then the EEG device sends the data to a computer
or cloud server.

]'.|-::I.'-:td-.':-_ _

EkLi Readimg

Figure 1: EEG Machine records the brain waves.

Figure 2 illustrates a graphical representation of the electrical activ-
ity of the brain and its corresponding EEG signal for healthy persons
and seizure patients. Normally, neurons (also called brain cells or nerve
cells) communicate via electrical signals which are normally regulated

i3
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during the normal activity of the brain (see Figure 2 (A)). However, the
uncontrolled electrical discharges in a group of brain cells cause seizures
(Harvard Health Publications, 2014; American Epilepsy Society). This
abnormal activity may happen in one group of cells on one side of the
brain (Focal-onset seizures) or groups of cells on both/all sides of the
brain at the same time (Generalized- onset Seizures). A seizure can be a
single event due to an acute cause, such as medication. When a person
has recurring seizures, this is known as epilepsy. Focal and generalized
onset seizures usually have different causes, and it is important for the
neurologist to get an accurate seizure diagnosis in order to determine
the most appropriate type of treatment for the patients and identify the
cause of the seizures. The traditional method for seizure detection is
conducting the direct visual inspection of EEG signals by neurologists.
However, this technique is laborious and time-consuming, in addition
to; it is limited in identifying abnormalities since the EEG signals are
highly complex and difficult to be visually interpreted. Hence, the devel-
opment of machine learning techniques is very essential to automatically
classify these EEG signals correctly with very less time. The traditional
machine learning techniques, need a lot of domain expertise and sound
knowledge of data mining to learn a robust model, they also only per-
form well for a limited data. Nowadays, with the increase in the avail-
ability of data, the traditional machine learning techniques may not per-
form very well. For this reason, many researchers have resorted to deep
learning techniques to analyze and interpret the EEG signals. A further
advantage of using deep learning models is that these models are devel-
oped using extensive open-source toolboxes and libraries that written in
Python. This advantage has facilitated for the researchers to recreate the
previously obtained results and contribute to other works._

Since 2016, researchers have embarked on the area of diagnosing
epileptic seizure using deep learning models, such as Convolutional
Neural Networks (CNN) and Recurrent Neural Networks (RNN). These
deep learning models have shown promising improvement in the accu-
racy of EEG signals identification and classification as reviewed in the
next section.
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A B
Figure 2: An illustration of the brain activity of healthy subject compared to seizure

patient.

2. Literature Review

This section introduces an overview of the different architectures of
deep neural networks in the field of epileptic seizure detection and diag-
nosis. In literature, the IDCNNs have been employed by many research-
ers for the purpose of seizure detection and classification. The authors in
have been used 1IDCNN for the feature extraction procedure and they
reported classification accuracy of 83.86% (Thomas et al., 2018). In an-
other research the IDCNN to classify the seizure events in multi-channel
EEG signals (Boonyakitanont et al., 2019). To increase the accuracy, the
signals from each channel are segmented into 4-second intervals first,
and then each 3-second are overlapped with the previous segment. The
classification accuracy of this method on CHB-MIT database was 99.07%.
In the Empirical Mode Decomposition (EMD) technique was used for
feature extraction, and 1IDCNN was employed to achieve a high accu-
racy in the multi-class classification task. Another study on seizure de-
tection and diagnosis using a 13-layer one-dimensional deep convolu-
tional neural network (IDCNN) and 300 signals of five persons from
the University of Bonn dataset, a classification accuracy of 88.67% was
achieved (Daoud et al., 2018; Acharya et al., 2018). The authors in devel-
oped an ensemble of Pyramidal One-Dimensional Convolutional Neural
Network (P-1DCNN) models for epilepsy Detection with an accuracy of
99.10% (Ullah et al., 2018).
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With the goal of improved classification of EEG signals, the 2DCNN
was employed by many researchers. In one study a new 2DCNN model
was proposed to extract the spectral and temporal features of EEG sig-
nals and used them to learn the general structure of seizures (Hossain
et al., 2019). In the EEG signals with 32 channels were divided into win-
dows, each with a 2-second width, and then converted them into spatial
representation (Bouaziz et al., 2019). The resulting images were used as
input to the 2DCNN network. The researchers in used pre-trained Con-
volutional Neural Networks named (LeNet, AlexNet, and GoogLeNet/
Inception-V1) for focal and non-focal epilepsy seizure classification (Taqi
et al., 2017). The three models were applied on Bern-Barcelona dataset
and each model achieved 100% classification accuracy. Ahmedt-Aris-
tizabal et al. proposed automatic diagnosing of epilepsy from the facial
images by extracting the semiological patterns of facial states and clas-
sify them (Ahmedt-Aristizabal et al., 2018). A 16 layers 2DCNN model
called Visual Geometry Group (VGG-16) was employed in their study.
The model was trained primarily by well-known datasets, followed by
1DCNN and LSTM networks in the final few layers, and achieved 95.19%
classification accuracy.

In another researches, deep learning techniques that have a different
structure from CNNs such as Recurrent Neural Networks (RNNs) were
employed for epileptic seizure detection. This class of networks includes
long short-term memory (LSTM) approaches and gated recurrent units
(GRUs). The authors in have employed the both types of RNNs with
sigmoid classification for epileptic Seizure detection, and they achieved
a classification accuracy of 96.82% and 96.67% using LSTM and GRU,
respectively (Chen et al., 2018).

Hussein et al. developed a deep (LSTM) network to learn the
high-level representations of the EEG signals. These repres entations
were fed as inputs to one FC time-distributed Dense layer to extract most
robust EEG features relevant to epileptic seizures (Hussein et al., 2018).
The proposed method using Bonn dataset achieved 100% accuracy of
the two-class, three-class, and five-class EEG classification problems.
The authors in designed a deep LSTM network to learn and model dis-
criminative temporal patterns from EEG raw data (Ahmedt-Aristizabal
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etal., 2018). Using 10-fold cross-validation scheme on Bonn dataset, they
achieved 95.54% validation accuracy and 91.25% test accuracy. In anoth-
er study, the authors in developed a new approach that integrates the
Independently RNN (IndRNN) with a dense structure and an attention
mechanism for the seizure/non-seizure classification (Yao et al., 2019).
They conducted ten cross-validation experiments on the noisy CHB-MIT
data set, and the accuracy arrived at 88.70%. Talathi used the spectral
features from 51 EEG sub-segments as input to a 4-layer GRU network
with a softmax FC layer. The length of each sub-segment was 80 samples
and they achieved 98% accuracy (Talathi, 2017).

In this study, a deep learning-based computer-aided diagnosis
(CAD) system is proposed for the automated detection and diagnosis
of epileptic seizure. An eight-layer IDCNN-BiGRU model, including
dense layer with softmax activation function is presented for features
extraction and classification of EEG signals.

3. Materials and Methods

In this section, we describe the used dataset and the proposed deep
learning model for the classification of epileptic seizure EEG signals.

3.1. EEG Dataset Description

The EEG dataset used in this research was recorded at Bonn Univer-
sity (Andrzejak et al., 2001). The complete database includes five sets (de-
noted A-E); each having 100 single-channel EEG records with duration
of 23.6 seconds. Each record in the dataset consists of 4097 samples (see
Figure 3). The EEG segments were cut out from continuous multichannel
EEG recordings after removing the artifacts due to eye movements or
muscle activity via visual inspection. Sets A and B were obtained from
five healthy subjects with eyes open and closed, respectively. Sets C and
D were obtained from patients during seizure-free intervals (i.e., preictal)
from the hippocampal half sphere and epileptogenic zone, respectively.
Set E was obtained from the same patients during the seizure activity.
The detail is given in Table 1.
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Table 1: The details of University of Bonn epilepsy dataset.

Set Name A B C D E
Participant’s Health Health ilepti ilepti ilepti
condition ealthy ealthy Epileptic Epileptic Epileptic
Target class Normal Normal Preictal Preictal Seizure
Numberof | 144 100 100 100 100
records
Duration of = | 53 &g 23.65 23.65 23.65 23.65
each record
Number of
samples in 4097 4097 4097 4097 4097
each record
sziionrdf:e Recorded
& during the Recorded
Eyes opened | Eyes closed Pre-seizure Pre-seizure | during the
Description from the .
recording recording hippocam- from the sélzure
al half epileptic activity
P area
sphere
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Figure 3: The sample EEG signals from Bonn University database.
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3.2. Deep Learning

3.2.1. One Dimensional Convolutional Neural Networks
(IDCNNs)

These networks have a straightforward structure which makes them
suitable for processing the EEG signals for detection of epileptic seizures.
In 1D architecture, EEG signals in the form of one dimensional are used
as input to the 1D-CNNs. Figure 4 shows a general form of a 1D-CNN
used for epileptic seizure detection. In 1D convolutional operation, the
output size ¥ of the feature map along the dimension is given by

O=I—F+Pi5 1)

Where ! the length of the input vector, I is the length of the filter, ¥
is the amount of zero padding and & is the stride.
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Figure 4: Typical 1D-CNN model for epileptic seizure detection.
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3.2.2 Bi-directional Gated Recurrent Unit Neural Network (Bi-
GRU)

The BiGRU is improved GRU model that has the ability to learn
information from previous and subsequent data to use them to influ-
ence the current inputs (Liu et al., 2021). In particular, the bi-GRU model
combines two unidirectional GRUs in opposite directions, one GRU that
moves forward starting from the beginning of the data sequence, the
other GRU that moves backward starting from the ending of the data
sequence. This process allows learning information from both future and
past data when dealing with the current data. Figure 5 illustrates the
inner structure of GRU cell.

.
T

hyy

E hyperbolie tangpent fumetion o | sagEoeeid Fumoten {_'z:j subsract From ome

@ proimitwise acldition @ pointwize multipication (55 vecior concatenation

Figure 5: The inner structure of GRU cell.

The calculation process in the GRU cell is defined as follows (Cho
etal., 2014):

r=a| W.'.'r__, ALY
u=o|W, :h,_, X by
n,=tanh | 'I-#",-_.", . -*""-."'EJ‘.-:' @)

n=|1—u j=xh_, +u*en
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Where x, is input signal feature for time t, y_is the weight matrix
in the corresponding gate, b is the bias in the corresponding gate, r
denotes the reset factor which controls the influence level of fi-; on 7
, Y denotes the update factor which controls the update of the memory
state.

The BiGRU cell can be defined as follows (Liu et al., 2021):
h=GRU,_[x, *_

h=GRU,  (x..h.] (3)

=h = h

Where I and / are the states of the forward GRU and the backward
GRU, respectively, # indicates the operation of concatenating two vec-
tors.

3.2.3. Proposed IDCNN-BiGRU Model

The developed deep 1IDCNN-BiGRU model consists of eight-layers
as illustrated in Figure 6. The proposed deep model extracts the spatio-
temporal features from the raw EEG signals using two 1D-CNN layers,
and each convolution layer is followed by a Max-pooling layer to ex-
tract only the most significant features and control the overfitting. To
capture the temporal information from the feature maps, a BiIGRU layer
is applied. The stride size is assigned to 1 and 2 for the Convolution
and Max-pooling processes, respectively. The input layer (denoted layer
0) contains the raw EEG signals. The next layer is the convolution lay-
er which performs the convolution operation on the input signal with
32 filters of size 5, resulting in feature maps of size 4094x32. Then, a
Max-pooling layer with a kernel of size 2, is applied to these feature
maps, reducing the size of the feature map by half (i.e., from 4094x32 to
2047x32). After that, the reduced feature maps are convolved in the third
layer with 64 filters of size 3. Inlayer 4, a Max-pooling of size 2 is applied
to the output feature maps from layer 3, reducing the size of the feature
map from 2045%64 to 1022x64. After that, the extracted features are fed
as inputs to the GRU layer. In layer 6 (Max-pooling layer), the size of
the feature maps is reduced and the output of this layer is processed in

m
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the Dense layer (Layer 7). The softmax activation function in the output
layer (Layer 7) performs the classification task, where the EEG data are
classified in ternary (Normal vs Preictal vs Seizure) or binary (Seizure
vs non-seizure and Normal vs. Epileptic) depending on the classifica-
tion problem. The details of the proposed deep architecture are given in
Table 2. The parameters of each layer were determined using the brute
force technique.

! ~—
l " | i ] __I-I"Hl
R L '_-'__-_ ';-.._ .:-':l‘
- B T
= = L] Deer Loy Dt LR
Settrary

Figure 6: The architecture of the proposed 1D-CNN-BiGRU model.

4. Experimental Results and Discussion

In this section, the execution details of the proposed CNN-BiGRU
model and the specification of the experiment hardware are given. Then
the obtained results of our CAD system are presented and discussed.

Table 2: The parameter values of each layer of the proposed CNN-BiGRU model.

No | Layer type Kernel Size Parameters Output Shape

0 Input -|- 4098x1
stride=1

1 ConvlD 32x5 4094x32
activation = ReLU

2 MaxPooling1D 2 stride=2 2047%32
stride=1

3 ConvlD 64x3 2045x%64
activation = RelLU

4 MaxPooling1D 2 stride=2 1022x64
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5 Bi-GRU 32 - 1022x32
6 MaxPoolinglD 2 stride=2 | 511x32
7 Dense - - 50

8 Dense - activation=Softmax (2,3)

4.1. Experimental Setup

The EEG signals of Bonn database are evaluated by using the 10-
fold cross validation technique in this study. 90% of the data are used
for training of the proposed CNN model, and remaining 10% as testing.
The model is trained using only 20 epochs where each epoch defines
one-iteration through the entire training dataset. In order to avoid over-
titting, the training data after each epoch are split into two parts: 90%
to train the model, and the remaining 20% to validate the CNN-BiGRU
model. Our model was developed using open-source software library
called Keras. The library provides numerous components such as layers,
activation functions, and optimizers necessary to design and evaluate
a deep architecture model. The whole experiment was carried out on a
computer with Intel(R) Core(TM) i7-4712MQ 2.30 GHz CPU, 8 GB RAM
and NVIDIA GeForce 920M 2 GB graphics card.

4.2. Results

To show the effectiveness of the CNN-BiGRU model, we considered
three experiment cases: (i) Normal vs Preictal vs Seizure (AB vs CD vs
E, Avs D vs E, B vs D vs E), (ii) Normal vs Epileptic (AB vs CDE), (iii)
Seizure vs non-seizure (A vs E, Bvs E, ABvs E, CvsE, D vs E, CD vs E).
In addition, we compare the obtained results using a Bonn dataset with
the results of the state-of-the- art methods.

4.2.1. Experiment 1: Normal vs Preictal vs Seizure Classification

In this experiment, the EEG signals are classified into three classes
(i.e. a ternary classification problem). We select different combinations
for this classification which are ((i) normal (AB) vs Preictal (CD) vs sei-

%
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zure (E), (ii) normal (A) vs Preictal (D) vs seizure (E), (iii) normal (B) vs
Preictal (D) vs seizure (E)). From the results in Table 3, it can be observed
that the classification using normal signals that recording during closed
eye (B dataset) is better than the normal signals that recording during
open eye (A dataset).

Table 3: Classification results of the proposed model for Normal vs Preictal vs

Seizure.
Predicted Accuracy Precision Recall Fl-
Score
AB cD E (%) (%) (%) (%)
AB | 200 0 0
AB-CD-E Original CD 0 200 0 100 100 100 100
E 0 0 100
Predicted
A D E
100 0 0
A-D-E Original D 2 98 0 99.00 100 98.50 98.52
E 1 0 99
Predicted
B D E
100 0 0
B-D-E Original D 0 100 0 100 100 100 100
E 0 0 100

4.2.2. Experiment 2: Normal vs Seizure Epileptic Classification

In this experiment, the EEG signals are classified into two classes
which are (normal (AB) vs Epileptic (CDE)). The obtained results using
10-fold cross-validation are shown in Table 4. As show, the proposed
model achieves high classification accuracy with mean of 100%.

Table 4: Classification results of the proposed model for Normal vs epileptic.

Predicted Accuracy Precision Recall F1-Score
AB CDE (%) (%) (%) (%)
AB (200 O
AB-CDE Original 100 100 100 100
CDE | 0 | 300
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4.2.3. Experiment 3: Seizure vs Non-Seizure

This experiment involves six combinations for the binary classifi-
cation of EEG signals ((i) normal (A) vs seizure (E), (ii) normal (B) vs
seizure (E), (iii) normal (AB) vs seizure (E), (iv) Preictal (C) vs seizure
(E), (v) Preictal (D) vs seizure (E), (vi) Preictal (CD) vs seizure (E)). The
results in Table 5 confirm the robustness of the proposed model with
mean accuracies of 99.50% and 100%.

Table 5: Classification results of the proposed model for Seizure vs non-seizure.

Predicted Accuracy  Precision Recall  F1-Score
A E (%) (%) (%) (%)
A 100 0
A-E Original 100 100 100 100
E 0 100
Predicted
B E
B 100 0
B-E Original 100 100 100 100
E 0 100
Predicted
AB E
. AB 200 0
AB-E Original 100 100 100 100
E 0 100
Predicted
C E
C 100 0
C-E Original 99.50 99.00 100 99.50
E 1 99
Predicted
D E
D 100 0
D-E Original 99.50 99.00 100 99.50
E 1 99
Predicted
CD E
Ccbh 200 0
CD-E Original 100 100 100 100
E 0 100

4.2.4. Comparison with State-of-The-Art Methods

Many methods have been proposed for the Automated classification
of EEG signals. According to our knowledge, a very little work has been
proposed to extract both spatial and temporal features from EEG sig-
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nals. The spatiotemporal features are very important for accurate classi-
fication of Seizure patients as investigated in this work. The comparison
with state-of-the-art methods in Table 6 shows that our model has better
performance in terms of accuracy.

Table 6: Results obtained using State-of-the-art Methods on Bonn EEG dataset.

Study | Preprocessing | DL Network Number K-fold | Classifier | Datasets | Accuracy
of Layers
[11] Normalization 1DCNN 13 10 Softmax | B-D-E 88.67
A-E 100
[12] DA P-1DCNN 14 10 Softmax | AB-CDE 99.50
AB-CD-E | 99.10
[21] | Autocorrelation GRU 4 NA LR AB-CD-E | 98.00
A-E 99.50
B-E 99.50
[23] CWT 2DCNN 5 10 Softmax C-E 98.50
D-E 98.50
A-D-E 99.00
DWT+ 1DCNN 4 97.27
[17] | segmentation+ LST™M 3 5 Sigmoid | CD-E 96.82
Normalization GRU 3 96.67
A-E 97.00
B-E 92.50
[19] LSTM 2 10 | Sigmoid
_ C-E 92.00
D-E 91.00
[24] Normalization 1DCNN 15 10 Softmax | B-D-E 98.67
A-E 100
B-E 100
C-E 99.50
D-E 99.50
_ . AB-E 100
1DCNN-Bi- Soft-
Ours 8 10 CD-E 100
GRU max
AB-CDE 100
A-D-E | 99.00
B-D-E 100
AB-
100
CD-E
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4.3. Merits and Drawbacks of the New Model
The main advantages of this work include:

1) An eight-layered deep model has been developed to accurately
classify Seizure patients.

2) The proposed deep model effectively extracts both discrimina-
tive spatial and temporal patterns from the raw EEG data without any
pre-processing step.

3) The model is validated using 10-fold cross validation technique.

4) High classification accuracy compared with State-of-the-art tech-
niques is an attestation to the robustness of the developed model.

Despite its advantages, this work does exhibit some limitations
which include:

1) The proposed model was trained and tested using a relatively
small database, and this work lacks of huge EEG datasets.

2) The proposed CNN-BiGRU model combines CNN with BiGRU
cells, which they are costly to compute.

5. Conclusion

Detection the brain abnormalities and disorders using EEG signals
is very important challenge. The accurate detection of epileptic seizures
can help to provide suitable treatment to the patients, and hence enhanc-
es the quality of their life. In addition to that, the early stage of seizure
detection helps the patient to take medication immediately and prevent
seizure. In this study, we developed a new deep IDCNN-BiGRU that re-
lies on 1D CNN and BiGRU layers for the automated detection of seizure.
Two convolutional layers, each containing a set of filters, are applied to
the input EEG data to capture the hierarchical or spatial features. The
output of the convolutional layers is then fed into a BiGRU layer which
contains multiple memory cells to discover the temporal dependencies
in the extracted features. We demonstrated that our model outperforms
the state-of-the-art methods in the task of seizure detection and diagno-
sis using EEG signals.
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Abstract

In natural environments, camouflaged targets are difficult to detect
since they look so similar to the surroundings. Detecting these camou-
flaged objects is, therefore, a difficult task and more challenging than
traditional object detection/segmentation. It is conceivable that effective
camouflaged object detection algorithm could be applied as a pest con-
trol tool in agriculture, or as a way to detect infection or tumor in medi-
cal images. Despite that camouflaged object detection have a wide range
of useful applications, but the problem of detecting them has been less
studied. Our paper presents a novel deep network that alleviates this
problem using a multilevel attention network. First, we extract features
based on a modified ResNet network, then an inception module is de-
signed to enhance features from multiscale receptive fields for a better
feature representation. Our proposed multi-attention module generates

1 PhD Student, Karadeniz Technical University, Faculty of Engineering, Computer
Engineering



6. ULUSLARARASI OGRENCI BILIMLER KONGRESI BILDIRILER KiTABI - 2

better discriminative feature representations and combines semantic
and spatial information from different levels to find and distinguish the
camouflaged object far better from its surroundings. Our experiments
carried out on a camouflaged object dataset demonstrate that our ap-
proach outperforms the state-of-the-art methods.

Keywords: Camouflage Patterns, Object Segmentation, Deep Learn-
ing.
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1. Introduction

A very rapid and successful expansion has taken place in comput-
er vision research in the last few years. This has been accomplished in
a variety of areas, including object detection. Different object detection
algorithms have been developed in the literature to tackle diverse visual
object detection problems with differing properties and characteristics.
Objects can camouflage themselves and hide their signatures in their
surroundings. Due to camouflage, object detection becomes more chal-
lenging. The camouflage effect refers to a way to integrate the target’s
signature into the background, as illustrated in Figure 1. Camouflage is
a way prey hides from predators by changing their patterns, textures,
and colorations to match the surroundings. Human vision systems can’t
adequately discern a camouflaged object. Detecting hidden foreground
objects from background images is achieved using camouflage detec-
tion methods. Biologically, some animals are camouflaged in the envi-
ronment by having unique characteristics. Objects that are camouflaged
look almost identical to their surroundings. Objects camouflaged in this
manner are the same color as their surroundings, and their texture is
destroyed so that it blends into the surroundings. As a result, such cam-
ouflaged objects are difficult to detect. Because of the complexity of the
problem, fewer works have been conducted using computer vision tech-

niques.

Figure 1. A visual illustration of camouflaged images: (a) The image shows the
coloration and texture of the scorpion with surrounding, (b) In the image one hunter
is disguised in the background.

Two types of camouflage images exist, natural and artificial. Here
are the explanations;
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Natural camouflage: Animals, insects, and humans use natural cam-
ouflage to hide and avoid being detected by predators. A camouflaged
organism stands a better chance of surviving predators, which allows
it to reproduce and carry on its species. As shown in Figure 2, various
animals have evolved camouflage as a way to blend in with their envi-

ronment, a natural adaptation.

Figure 2. Examples of types of camouflage: First row for natural camouflage and
second row for artificial camouflage.

Artificial camouflage: It is the use of cloth or covers colors to sim-
ulate camouflaged textures to blend in with their surrounding environ-
ment as shown in Figure 2. For example, this involves hiding soldiers
and weapons with textured patterns on the battlefield.

Camouflaged objects are rarely studied. This problem was attempt-
ed to be solved using low-level features such as texture and color, which
led to unsatisfactory performance results from researchers in this field.
Oftentimes, hand-crafted features are successful in simple cases but are
prone to failure in more difficult ones. Meanwhile, the state-of-the-art
methods were tested using images of too low resolution, which are not
sufficient to provide high accuracy. The lack of a standard dataset makes
it difficult to compare different results fairly, which is another issue that
plays an important role. Additionally, none of the approaches provide
an evaluation criterion to determine the efficiency of the experiments.

It is crucial to conduct more in-depth studies to detect camouflaged
objects more accurately. Since the advent of deep learning in the last
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decade, algorithms using convolutional neural networks or CNNs have
been producing results close to human levels in many computers vi-
sion approaches. Instead of low-level features, deep networks extract
high-level semantic features. Hence, high-level image information and
context for detecting camouflaged objects must be integrated into a new
network.

Based on our analysis and to address the limitations mentioned
above, this study proposes a deep neural network for detecting camou-
flaged objects from images by utilizing multiple attention networks. The
inception module is designed to improve the representation of features.
An attention module that generates finer details and detects ambiguous
camouflaged objects is also proposed. In particular, the transformation
attention module is beneficial for detecting small-scale camouflaged ob-
jects. Multiscale rich semantic features are extracted by the channel at-
tention module. The spatial attention module extracts shallow features
that are beneficial. In experiments conducted on camouflaged object
datasets (CAMO), we demonstrate that our proposed method acquires
the best results when compared with the state-of-the-art approach.

The rest of this paper is organized as follows. In section 2, we discuss
existing detection methods for camouflaged objects. Section 3 explains
the proposed method. In Section 4, the experiment results are described.
In section 5, we discuss some potential applications. Lastly, we conclude.

2. Related Works

Earlier works (Tankus & Yeshurun, 2001) introduced the Darg op-
erators to enhance areas whose shading corresponds to convex (3D) ob-
jects to distinguish them from flat backgrounds that appeared to have
similar features (like color and texture). Darg is applied directly to the
image’s grey-level function. This function is independent of any particu-
lar light source or reflectance function and reacts to smooth three-dimen-
sional convex or concave patches on an object. Threshold values greatly
influence the results obtained using the Darg operator. The choice of a
suitable threshold is crucial. In addition, this method is not suitable for
environments containing dark colors and concave backgrounds.

81/
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In the following years, most of the researchers studied the problems
of finding camouflaged objects using texture features. (Galun et al., 2003)
developed a technique for detecting camouflaged objects that captures
their structural differences along with their responses to filters. It iden-
tifies texture elements based on their shape and then classes them ac-
cording to their size, aspect ratio, orientation, brightness, etc. Different
statistical measures of these properties then allow us to distinguish be-
tween different textures. As a consequence, if the object and background
have the same texture, this technique may not work correctly. (Bhajantri
& Nagabhushan, 2006) presented a technique for detecting camouflaged
defects. Within a small region of the image, co-occurrence matrix-based
texture features are computed. By clustering and segmenting water-
sheds, the defective portion is identified. This method’s accuracy is de-
pendent on the characteristics of its texture. It may not be effective for se-
quences with similar kinds of texture between objects and background.
(Sengottuvelan et al., 2008) developed a method to detect objects that
have camouflage and extract these objects from the surroundings in an
image. Taking the given image and dividing it into smaller blocks makes
using this technique time-consuming. Neither method works for images
with shading effects and objects or backgrounds with similar textures.
(Song & Geng, 2010) designed and evaluated camouflage textures based
on the weighted structural similarity (WSSIM) method. A camouflage
image is created hereby comparing structural similarity and original im-
age features. Camouflage can be broken with it. Lately, (Rao et al., 2020)
proposed a texture statistical characterization method combining linear
equations and statistical features to detect camouflaged objects.

Because of strong similarities between the foreground and the back-
ground, low-level features are typically designed for maximum discrim-
ination, but only work for a few simple and non-uniform backgrounds;
as a result, their performance is not satisfactory in detecting camouflaged
objects. Additionally, these techniques can only be applied to images
with a uniform background when they are of relatively low resolution.

(Le et al., 2019) recently proposed a new approach to camouflaged
object segmentation that takes advantage of deep features. A combina-
tion of segmentation and classification is used in this method. In addition
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to the main branch for segmentation, the network has a second branch
for classification that can predict whether or not there are camouflaged
objects in an image, which is then fused into the main branch for classifi-
cation so that segmentation accuracy can be improved.

3. Proposed Method

In Figure 3, we propose a Multi Attention Network (MA-Net) for

Figure 3. Our proposed MA-Net model architecture.

segmenting camouflaged objects. Using the ResNet (He et al., 2016) back-
bone network, we first extract features from the input images. Following
that, an inception module with multi-scale receptive fields is then added
to enhance the features. In addition, we fuse top-down generated feature
maps with multilevel semantic information. Our final step utilizes the
Multi Attention Module (MAM) at each level and then we combine the
results from all layers into one outcome.

3.1. CNN Feature Extraction and Enhancement

Our method of extracting features from multiple levels relies on Res-
Net (He et al., 2016) due to its speed of convergence when compared to
VGG (Simonyan & Zisserman, 2015). ResNet 101 consists of 101 convo-
lutional layers, followed by an average pooling layer and a fully connect-
ed layer. We modified it to meet our needs for identifying camouflaged
targets. In the first step, we remove the completely connected layers
that are specifically designed for classification tasks. This also leads to
a considerable reduction in parameters. The second reason is that the
result of directly upsampling the original ResNet feature map will be
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too coarse since its size is 32 times smaller than the input. We overcome
this by utilizing dilated convolution in levels 4 and 5 (Chen et al., 2016)
which holds the same receptive field without reducing the features map
resolution or introducing any additional parameters. Consequently, the
resultant feature map is 8 times smaller than the input.

H Doy

e L LLTER

g,

#l"m" |
i

Figure 4. Our inception module.

The extracted features from diverse levels are then fed into an incep-
tion module to enhance feature representation by capturing multi-scale
receptive field features. In Figure 4, the designed module consists of 4
branches with a1 x 1 convolution at the beginning to reduce the number
of channels. The outputted features from three branches undergoal x y
dilated convolution, followed by a y x 1 dilated convolution at a rate of 3.
Here, y=3, 5, and 7. At the end of each branch, a deformable convolution
(Dai et al., 2017) layer is added to localize small and irregular objects.
We will concatenate all features from all branches and then proceed tol
x 1 convolution, with the residual connection to the input features for a
faster optimization process.

In a top-down way, we densely connect the features to add more
contextual information to low levels by reusing high-level feature maps
multiple times.
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3.2. Feature Attention and Prediction

Animals use camouflage to avoid drawing attention to themselves,
thus making it difficult to find them. The resulting multi-feature atten-
tion network was used to better detect the disguised target and to create
finer features that would help to draw attention to the hidden target. Our
multi-feature attention module focuses on the important features of an
image while disregarding the less important ones.

& = g
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Figure 5. Multi Attention Module.

As seen in Figure 5, a Pyramid Pooling Module (PPM) (Zhao et al.,
2017) is initially applied to the input feature, and the output feature is
used as an input feature for the multi-attention module. It comprises
three attention blocks: Transformation, Channel, and Spatial. Using de-
formable convolution, the first block attempts to represent feature trans-
formations (Dai et al., 2017). This can improve the network’s attention
to foreground areas. The feature map is processed by a 3 x 3 deform-
able convolutional layer, followed by a normalization layer, ReLu, and
a second 3 x 3 deformed convolutional layer. By highlighting the cam-
ouflaged target, the channel attention block reduces the inaccuracies
caused by duplicated channel features. Feature maps are re-allocated us-
ing two 1 x 1 convolutions and global pooling. This global attention map
specifically makes the positions of the hidden objects known on feature
maps. The spatial attention block investigates were to focus on a feature
map. To make a final attention map, the refined features of all the blocks
are combined.
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Following the refinement of the camouflaged map, the connected
components are determined to identify each object in the image. After-
ward, each connected component’s bounding box is calculated. The final
results of object detection are illustrated in Figure 6.
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Figure 6. Some examples of camouflaged object detection results of our pro-

posed approach.

4. Experiments

In the following section, we introduce the dataset. We then explain
the evaluation metrics. Lastly, we present experimental results showing
the effectiveness of the proposed model is compared to existing methods.

4.1. Dataset

The Camouflaged Object (CAMO) dataset (Le et al., 2019) contains
1250 images of varying sizes. Figure 7 illustrates a few examples along
with their associated ground truth label annotations. This dataset corre-
sponds to animals and humans in the real world, respectively. Various
kinds of animals hide in various environments, including amphibians,
birds, insects, mammals, reptiles, and underwater animals; these include
animals that live on land, underwater, in deserts, forests, mountains, and
on snow. Human body paint and camouflaged soldiers on the battlefields.

In this dataset, 80% of images are selected randomly for training and
20% for testing. Data augmentation is applied to selected training imag-
es. Mirror reflections and rotations were used. Using GPU Nvidia GTX
1080, we implemented our model based on the Caffe framework (Jia et
al., 2014). The stochastic gradient descent optimization (SGD) algorithm
was used for training.
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Figure 7. Some examples of the dataset for Camouflaged Objects (CAMO) (Le
etal., 2019).

4.2. Evaluation Metrics

The following metrics are used to evaluate our experiments: Mean
Absolute Error (MAE) (Perazzi et al., 2012), F-Measure (Achanta et al.,
2009), E-measure (Fan et al., 2018), and Structure Measure (S-Measure)
(Fan et al., 2017) as explained below.

MAE: A metric that calculates the average absolute error between
prediction maps and ground-truth maps. Following is the formula:

Ll

: | n
MAE = E E |Six, ¥i=Glx, ¥
H =W 5 =i 1)

where and are the width and height of the input image. A lower
MAE generally indicates a better result.

F-measure: As such, this criterion is defined as the weighted har-
monic average of recall and precision metrics and its non-negative
weight . F-measure can be described as follows:

14+ | Precision = Recall

F ;
! I Precision+ Recall (2

where we set [* to a fixed value of 0.3 as suggested in (Achanta et
al., 2009), to emphasize the precision over recall. Note that unlike MAE,
a higher *'s indicates a better performance.
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E-measure: is a perceptual-inspired criterion and is defined as:

S.=|1-a)5,+as,
)
in which ®= an enhanced alignment matrix. The greater the E
Score, the better is the performance.
S-measure: It is a measure of how similar predicted maps are to the
ground truth maps.
a = l—als,+abd, (4)
in which “r indicates the region-aware structural similarity and 3
denotes the object-aware structural similarity. As suggested in (Fan et
al., 2017), we set* = (1.5 . An increased S-measure score indicates a better
performing model.

4.3 Comparison

We compared our model with other state-of-the-art camouflaged
object detection approaches (Le et al., 2019), including ANet- (DHS, DSS,
SRM, and WSS).

Table 1. Quantitative results on CAMO dataset.

Model Evaluation Metrics

MaxF MAE | Ed T Sa ™
ANet-DHS 0.549 0.130 0.730 0.663
ANet-DSS 0.459 0.132 0.648 0.623
ANet-SRM 0.566 0.126 0.722 0.682
ANet-WSS 0.608 0.138 0.773 0.686
Ours 0.683 0.098 0.798 0.711

Table 1 summarizes the quantitative results. Despite differences in
evaluation metrics, our model outperforms competing approaches by
far, demonstrating its superiority. By comparison with state-of-the-art
methods, our method increases F-measure by 7.5%, E-measure by 2.5%,
and S-measure by 2.5%, respectively. Furthermore, our model signifi-
cantly lowers MAE scores by 2.8%. In other words, our mask maps are
more accurate because our model is more convinced of the predicted
target regions. In all cases, our proposed method is among the top con-
tenders as illustrated in Figure 8.
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Figure 8. Comparison of evaluation metrics scores across CAMO dataset.
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Figure 9. Qualitative visual comparison of segmentation masks of our proposed

model with the state-of-art methods.

The prediction results of our network with state-of-the-art methods

in different scenarios are visualized to better illustrate the advantages of

the proposed method. Based on Figure 9, we can observe that the pro-

posed method has a greater degree of precision than other methods and

highlights the hidden target completer. Our model excels at handling

multiple challenging scenarios, object appearance (row 1, row 2, row 3,
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and row 4), background clutter (row 5), shape complexity (row 6), and
distraction (row 7). Compared to other methods, our proposed model
produces more accurate and sharper segmentation maps. Consistent
outperformance of our model is shown over the state-of-the-art meth-
ods. This may also illustrate how effective the proposed approach is.

5. Discussion

Even though there is a wide range of potential applications for the
detection of camouflaged objects, the problem of detecting them has not
been well studied. Because these applications have a common character-
istic where the target objects and background have similar appearances,
we uncover some uses for these applications. Accordingly, the studied
problem should be considered important in the following areas:

Ecosystem and biodiversity applications: such as wildlife preserva-
tion and new species discovery. It is important to discover new species
because this contributes to their protection. In addition, a new species
may produce compounds that can lead to new medicines. The applica-
tion of camouflaged object detection algorithms can assist in the detec-
tion of many different camouflaged species found in nature.

Figure 10. Examples of some new species discovered in 2020 (California Acade-

my of Science, 2020).

Defense and military applications: allowing soldiers to be identi-
fied on the battlefields when they are camouflaged. It may be possible to
develop a system that recognizes targets based on artificial intelligence.
In complex environments, it can increase the accuracy of target detec-
tion and assist in making these systems more capable of locating camou-
flaged targets.

Other applications: It can also be used in surveillance systems and
even in search-and rescue missions in the event of natural disasters, such
as earthquakes, floods, or hurricanes.
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Figure 11. Search and rescue system operations (Bejiga et al., 2016).

6. Conclusion

We present a new approach to detect camouflaged objects using
multiple attention networks. By first modifying ResNet with dilated
convolution, we can extract more features from images while retaining
the spatial size of the feature map. Inception is then used to enhance the
feature representation. Furthermore, a dense feature pyramid provides
an effective way of fusing multilevel information, leading to an effective
feature map with rich semantic information. For better-camouflaged tar-
get detection in small and ambiguous areas, a multi-attention module
was proposed. We tested our method on the camouflaged object data-
set (CAMO) and compared it extensively with state-of-the-art methods.
Based on the experiment, it is clearly evident that our method performs
better both visually and quantitatively than all the others. In the future,
we plan to incorporate real-time detection and feature representation

improvements for better model performance.
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EVALUATION OF ADVERSE DRUG REACTIONS IN PEDIATRIC PATIENTS

EVALUATION OF ADVERSE DRUG REACTIONS
IN PEDIATRIC PATIENTS AT A TERTIARY CARE
HOSPITAL IN TURKEY: A RETROSPECTIVE
APPROACH
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Abstract

Background: Drug safety in pediatrics is a serious public health
concern around the world. The pediatric population is more prone to
adverse drug reactions (ADRs) than adults. Moreover, there is a scarci-
ty of information about ADRs in pediatric. Objectives: This study was
conducted to determine the frequency, causality, severity, preventability
of pediatrics ADRs reported in a tertiary care hospital in Adana, Turkey.
Methods: A retrospective study was conducted on all spontaneously re-
ported ADRs between January 01, 2020, to July 30, 2021, in pediatrics.
The ADRs reports were evaluated in terms of gender, age, ADR char-
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acteristics, suspected drugs and reporting source. All included ADRs
reports were characterized according to the Naranjo Algorithm/World
Health Organization (WHO) causality scales, Hartwig/Siegel and Com-
mon Terminology Criteria for Adverse Events (CTCAE) severity scales,
the modified Schoumock and Thornton preventability scale and hospital
pharmacovigilance center criteria for seriousness. Therapeutic groups
were also coded using the WHO-Anatomical Therapeutic and Chemi-
cal (ATC) classification. Results: During the study period, 8912 pediatric
patients who were admitted had 16 ADRs with 1.7 ADRs/1,000 admis-
sions. The majority of ADRs were found in infants (31.2%) and children
(56.2%) as compared to adolescents (12.5%). ADRs were observed more
in females (81.2%) than males. Skin (62.5%) was the most affected organ
due to the ADRs, and maculopapular rash and erythema multiforme
were the most commonly reported symptoms. Most ADRs were prob-
able/likely (93.7%), severe (50%), preventable or probably preventable
(43.7%) and serious (37.5%). Antibiotics (87.5%) were found to be the
most common cause of ADRs in pediatrics. The majority of ADRs were
associated with vancomycin (68.7%). Most of the ADRs were reported
by a medical doctor in this study. Conclusion: This feasibility study
highlights significant problems of ADRs in pediatrics, mainly caused
by antibiotics and with a majority of ADRs manifest as skin reactions.
Furthermore, a high proportion of the identified ADRs were found to
be preventable. More focused efforts are needed at the national level to
avoid preventable ADRs in hospitals. Monitoring and management of
ADRs and future studies would be beneficial for better patient care and
safety.

Keywords: Adverse Drug Reactions, Children, Pediatrics, Antibiot-
ics, Patient Safety, Turkey.
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1. Introduction

Adverse drug reactions (ADRs) are a leading cause of illness and mor-
tality worldwide (Giardina et al., 2018). Spontaneous reporting of ADRs
is critical for effective post-marketing drug surveillance and patient safety
(Noda et al., 2020). Drug safety is an important part of health care and
understanding ADRs is crucial for avoiding harmful effects (Dittrich et al.,
2020). The safety of drugs in pediatrics is a serious public health problem
(Khan et al., 2020; Rosli et al., 2017). ADRs in pediatric have been shown
to cause not only hospital admissions or lengthy hospitalization, but also
chronic disability or even death (Le et al., 2006).

The medication mistakes in pediatric were found to be three times
higher than in adults, mostly due to considerable variation in body mass,
which necessitates individual dose measurements depending on patient
age, weight, or body surface as well as the clinical situation (Khan et al.,
2020). The development of renal functions and enzyme systems, phar-
macokinetic and pharmacodynamic parameters in pediatric also alter
throughout time (Rosli et al., 2017). Pediatric patients are provided a wide
range of medications, with an elevated risk of ADRs linked with off-label
prescribing (Bellis et al., 2014). Medication errors lead to mild to severe
ADRs. (Venkatasubbaiah et al., 2018; Angamo et al., 2016). As a result,
ADRs can cause significant morbidity in pediatric (Priyadharsini et al.,
2011).

Pediatric are one of the most vulnerable populations to ADRs. It is
reported that ADRs account for nearly 5% of all hospital admissions in
pediatric (Angamo et al., 2016). A previous study revealed that ADRs af-
fect around one out of every ten children in the hospital, with 12% of them
were serious (Clavenna & Bonati, 2009). According to systematic reviews,
the overall average incidence of ADRs in pedriatric was 9.52% to 9.53%
(Khan et al., 2020a; Impicciatore et al., 2001). ADRs also imposed a higher
financial cost on patients. It is reported that the average cost of treating an
ADR per patient was estimated to be United States dollars (USD) 9,491,
with hospitalization or room expenditures accounting for 50% of the total
cost (Ayani et al., 1999; Oshikoya et al., 2011). Another study calculated
a total cost to a hospital of USD 27,358 for the hospitalization of patients
with ADRs in an emergency room over six weeks (Patel et al., 2007).
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Children rarely articulate their personal medication therapy experienc-
es; they are more susceptible to ADRs. As a result, pediatrics’ drugs have a
significant chance of causing a variety of ADRs (Khan et al., 2020; Nasso et
al., 2020). The pediatrics population includes as susceptible populations and
are frequently underrepresented in randomized controlled trials (RCTs).
Therefore, there is scarce data about detecting ADRs which provides limit-
ed safety information in pediatrics. (Nor-Aripin et al., 2012). During the de-
velopment phase of a drug, only mild, moderate, or non-serious ADRs are
often recorded. The serious and latent ones, on the other hand, may not be
caught (Rosli et al., 2017). To compensate for the limitations of RCTs, spon-
taneous ADR reporting is an important source of medication safety data in
pediatric populations that aren’t often studied in RCTs (Gentili et al., 2018).

A statewide, volunteer pharmacovigilance (PV) system exists in Tur-
key, as in many other nations. Its primary goal is to alert the public about
previously unknown risks associated with the use of medications in every-
day life (TUFAM, 2005). Additional research is usually required to confirm
these safety signals. All Health care professionals (HCPs; doctors, nurses,
pharmacists, etc.), patients and pediatrics parents/caregivers are the pri-
mary source of voluntary ADRs reporting (Ergiin et al., 2019; Haines et al.,
2020; Khan et al., 2020b). Under-reporting of ADRs continues to be a wide-
spread issue (Ergtin et al., 2019; Guiner & Ekmekci, 2019; Khan et al., 2020c).
According to a recent report, Turkey submitted only 89 ADR reports per
million population to the World Health Organization (WHO) Vigiflow da-
tabase in 2020 (TPDMA, 2020a). However, the WHO recommended that
ADR reports should be produced at a rate of 200 per million population per
year (WHO, 2021a).

Underreporting is a well-known issue in voluntary ADRs reporting
schemes (Khan et al., 2020b; Hazell & Shakir, 2006). Underreporting of
ADRs in pediatric patients is also due to a lack of knowledge about adverse
reactions to prescribed drugs (Dittrich et al., 2020; Khan et al., 2020b; Rosli et
al., 2017). Periodic monitoring of ADRs is useful for improved pediatric care
and safety (Dittrich et al., 2020). Moreover, there is a scarcity of information
about ADRs in pediatric in our healthcare setting and as well as in Turkey.
Therefore, this study aimed to determine the frequency, causality, severity,
preventability of pediatrics ADRs recorded in a tertiary care hospital in Ad-
ana, Turkey.
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2. Methods
Study Design and Setting

A retrospective study was conducted in a pharmacovigilance cen-
ter of Balcali Hospital in Adana, Turkey, to evaluate pediatric (patients
from 0 to 17 years old) ADR reporting forms. Balcali Hospital is a tertiary
care teaching hospital with 1171 beds that provides both in-patient and
out-patient care. It offers health care facilities to the rural and urban pop-
ulation of Adana, (Turkey’s fifth-largest city). This research was carried
out per the Helsinki Declaration’s principles. Due to the retrospective
nature of the study and examination of ADRs reporting forms, the hos-
pital’s institutional ethics committee waived ethical approval.

Inclusion Criteria

All pediatrics ADRs reported to pharmacovigilance officer (PVO) by
HCPs from January 1, 2020, to July 30, 2021, were included.

Exclusion Criteria

ADR forms with missing information with unclear causality were
omitted from the analysis.

Adrs Data Collection Procedure and Tools

A clinical pharmacologist working at the pharmacovigilance center
and researchers analyzed all individual recognized ADR reports. The
ADRs reports were evaluated in terms of gender, age, ADR character-
istics, suspected drugs, reporting source and outcomes were extracted.
The Naranjo algorithm (the total scores range from -4 to 13, the reac-
tion is considered Definite if score >8, probable 5-8, possible 1-4 and
doubtful=0) and WHO-Uppsala Monitoring Centre (the suspected ADR
is assessed as certain, probable, possible, unlikely and unclassified /un-
classifiable) criteria were used to determine the causality of each sus-
pected ADR (Naranjo et al., 1981, WHO & UMC, 2013). These validat-
ed tools have been used in several studies (Dittrich et al., 2020; Nasso
et al., 2020; Trubiano et al., 2016). Hartwig's Severity Assessment Scale
was used to evaluate the ADRs’ severity. ADRs were classified as mild,
moderate, or severe (Hartwig et al., 1992). The severity of the ADRs
was also determined by using the Common Terminology Criteria for
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Adverse Events (CTCAE) scale. For each ADR, the CTCAE displays
grades 1 through 5 along with a specific clinical description of sever-
ity (CTCAE, 2017; Dittrich et al., 2020). The modified Schoumock and
Thornton scale was used to assess preventability (ADRs are divided into
three categories: definitely preventable, probably preventable and not
preventable) (Al-Damen & Basheti, 2019; Schumock & Thornton, 1992).
Hospital pharmacovigilance center criteria were used to determine the
seriousness of ADR. Therapeutic groups and drugs were also coded us-
ing the WHO-Anatomical Therapeutic and Chemical (ATC) classifica-
tion (WHO, 2020b).

Data Analysis

SPSS Statistics version 25 (IBM Corp., SPSS Statistics) was used to
perform a descriptive analysis of the data for frequency, mean, and per-
centage. All of the information is presented in tabular and graphical for-
mats.

3. Results

A total of 29 ADRs were submitted to the hospital pharmacovigi-
lance center during 2020-2021. Of these 17 (58.6%) were related to pe-
diatric patients. One ADR form was excluded due to the missing infor-
mation. Finally, 16 eligible ADRs forms (9 reports during 2020 and 7 in
2021) were analyzed in this study. According to the hospital data, a total
of 8912 (4701 in 2020 and 4211 in 2021) pediatric patients were admitted
during the study period with 1.7 ADRs/1,000 admissions. The majority
of ADRs were found in infants (31.2%) and children (56.2%) as compared
to adolescents (12.5%). ADRs were observed more in females (81.2%)
than males. The median age of the patients was 6.5 years (2 months -13.5
years).

According to the Naranjo algorithm/WHO-UMC scales, 15 of the
ADRs were probable/likely (93.75%) and 1 was definite/certain (15.8%).
Hartwig’s Severity Assessment Scale shows that 3 of the ADRs were
mild (18.75%), 5 were moderate (31.25%) and 8 were severe (50%) re-
quiring an intensive medical intervention. The CTCAE criteria showed
that five ADRs were grade 2, four ADRs were grade 3, and seven ADRs
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were grade 4. According to the modified Schumock and Thornton
scale, 7 ADRs were measured as preventable (43.5%) and among them,
4 were “definitely preventable” (25%) and 3 were “probably prevent-
able” (18.75%). The remaining (n=9; 56.25%) were “non-preventable”.
Moreover, according to the hospital pharmacovigilance center criteria, 9
(56.25%) of the ADRs caused hospitalization/prolonged hospitalization
and 6 (37.5%) were life-threatening (Table 1).

Skin (62.5%) and renal system (25%) were the most affected or-
gans due to the ADRs. The suspected medication was discontinued in
10 (62.5%) of the patients and replaced with another medication for the
same indication. The dose of suspected medication was reduced in 2
(12.5%) patients to alleviate symptoms, while another drug was given
to overcome adverse effects in 4 (25%) cases. The results of ADR man-
agement revealed that 87.5% had been recovered and 12.5% were in the
process of recovering. No fatal case due to ADR was reported in the cur-
rent study (Table 1).

Table 1: Characteristics and assessment of pediatrics ADR reports.

Gender n (%)
Male 3 (18.75)
Female 13 (81.25)
Age groups

Neonates (birth to 1 month) 0(0)
Infants (>1 month to 2 years) 5(31.25)
Children (>2 to 12 years) 9 (56.25)
Adolescents (> 12 years to 17 years) 2 (12.5)
Year of reporting

2020 11 (68.75)
2021 5(31.25)
Causality

Naranjo algorithm

Probable 15 (93.75)
Definite 1(6.25)
WHO/UMC

Likely 15 (93.75)
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Certain 1(6.25)

Severity

Modified Hartwig/Siegel scale

Level 2 (mild) 3(18.75)
Level 4 (moderate) 5(31.25)
Level 5 (severe) 8 (50)
CTCAE scale

Grade 2 (moderate) 5(31.25)
Grade 3 (severe) 4 (25)
Grade 4 (life-threatening) 7 (43.75)
Preventability

Definitely preventable/ Probably preventable 7 (43.75)
Not preventable 9 (56.25)
Seriousness criteria (Hospital criteria)

Death 0(0)
Life-threatening 6(37.5)
Caused hospitalization/prolonged hospitalization 9 (56.25)
Caused permanent disability 0(0)
Other 1(6.25)
System organ class

Skin 10 (62.5)
Renal and urinary disorders 4 (25)
Circulatory system 2 (12.5)
Management

The medication was stopped 9 (56.25)
Another medication was substituted 1(6.25)
Dose was reduced 2 (12.5)
Another medication was added to combat adverse 4 (25)
effect

Outcomes

Recovered 14 (87.5)
Recovering 2 (12.5)
Fatal 0(0)

Abbreviation: ADRs=Adverse drug reactions, n=frequency, %=per-
centage, WHO/UMC= World health organization - Uppsala monitoring
centre, CTCAE=Common terminology criteria for adverse events.
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In our study, ADRs were mostly associated with antibiotics (14;
87.5%) followed by antifungal (n=1; 6.25%) and antiviral (n=1, 6.25%) in
our study. Vancomycin (n = 11, 68.75%) was associated with the highest
number of ADRs. The most common reported ADRs with vancomycin
use were maculopapular rash (n=5, 31.25%) and anaphylaxis (n=2, 12.5%).
Antifungal drug (Amphotericin B) caused rashes and antiviral drug (aci-
clovir) associated with acute kidney failure. The most common drugs that
cause ADRs, as well as associated reactions, are listed in Table 2.

Table 2: Drugs associated with ADRs.

Drug Class WHO/ATC Code n (%) Reaction details (no of patients)
Antibiotic
Vancomycin JO1XA01 11 (68.75) Maculopapular rash (5)

- Anaphylaxis (2)

- Erythema multiforme/Redness on the
whole body (2)

- Acute kidney injury(1)

- Increase creatinine level (1)
Clindamycin JO1FFO1 1(6.25) Maculopapular rash (1)
Colistin-Linezolid J01XB01- JO1XX08 1 (6.25) Increase creatinine level (1)

Ceftriaxone J01DD04 1(6.25) Rashes and urticaria (1)
Antifungal

Amphotericin B J02AA01 1(6.25) Maculopapular rash (1)
Antiviral

Aciclovir JO5AB01 1(6.25) Acute kidney injury(1)

Abbreviation: ADRs=Adverse drug reactions, n=frequency, %=per-
centage, WHO/ATC=World health organization/ Anatomical therapeu-
tic and chemical classification.

These ADRs were first time reported in the hospital pharmacovig-
ilance center. All of the ADRs were reported by doctors (n=15, 93.75%)
and nurses (n=1; 6.25%). We did not observe any ADR reported by a
pharmacist and other paramedical staff in this study (Figure 1).
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Figure 1: Reporting of ADRs by healthcare professionals.

4. Discussion

ADRs are a significant public health issue in the pediatric popula-
tion. Despite efforts to lower the incidence of medication-related adverse
events, morbidity and death from drug-induced reactions, particularly
in pediatrics, remain unacceptably high. Periodic evaluation of ADRs in
the pediatric population is very important. This study explored the cau-
sality, preventability, severity of ADRs as well as therapeutic groups and
reactions related to ADRs. The current study is the first attempt that has
been conducted to analyze the pediatric ADRs in a selected healthcare
setting as well as in Turkey. As a result, it could serve as a baseline for
future study, as well as provide critical evidence for healthcare stake-
holders and government decision-makers to take the necessary steps to
reduce the burden of ADRs in pediatrics.

In our study, out of the total reported ADRs in hospital pharma-
covigilance centers, 58.6% were related to the pediatric population.
Similar studies conducted in the Netherlands (Dittrich et al., 2020) and
Malaysia (Rosli et al., 2017) observed that 26% and 14% of admitted pe-
diatric patients had ADRs, respectively. Moreover, the observed rate of
ADR related to pediatrics was 1.7 ADRs per 1000 admissions. Nasso et
al also reported similar findings (1.6 ADRs/1000 admissions) in pediat-
rics (Nasso et al., 2020). However, another study conducted by Lombardi
etal., observed 2.2 ADRs per 1000 pediatric admissions, which was high-

332



EVALUATION OF ADVERSE DRUG REACTIONS IN PEDIATRIC PATIENTS

er as compared to our study (Lombardi et al., 2018). These differences
in ADR rates among studies may be due to variation in data collection
methods, sample size, methodology, and healthcare setting.

One of the risk variables for acquiring ADRs in the current study
was presumed to be the female gender. The supported result was also
reported by a systematic review in pediatrics found that gender was a
risk factor in ten of the 19 studies, with females being more likely to de-
velop an ADR (Smyth et al., 2012). However, a study conducted in Ma-
laysia presented a higher ADRs proportion in males (Rosli et al., 2017).
Furthermore, a multicenter study among pediatric patients in hospitals
from five countries found no significant differences in ADRs by gender
(Rashed et al., 2012). An Italian study also did not observe any ADRs
difference by gender (Nasso et al., 2020). It is reported that males and
females respond to medications due to anatomical and physiological
variations (Rosli et al., 2017; Smyth et al., 2012).

Causality analysis is necessary to understand the factors that con-
tribute to the occurrence of ADRs (Venkatasubbaiah et al., 2018). In the
current study, the Naranjo algorithm and WHO-UMC scales of causality
assessment observed that most of the ADRs were probable/likely cat-
egories. Similar findings were also reported by Nasso et al., 2020; Al-
Damen & Basheti, 2019; Saqib et al., 2018. Because of their simplicity,
the Naranjo algorithm and WHO-UMC scales are also used to evaluate
the causality score in pediatrics. These scales were developed for indi-
vidual case safety reports to support PV system (Comfort et al., 2018;
Véazquez-Alvarez et al., 2017)

In the current study, according to the severity assessment of ADRs
using the Modified Hartwig and Siegel scale, the majority of ADRs fell
into the severe followed by moderate and mild categories. However,
these findings deviated from the studies conducted in Malaysia (Rosli
et al., 2017) and India (Sundaran et al., 2018) which disclosed a high-
er ADRs proportion as mild and moderate while a small number were
severe. In addition, CTCAE criteria showed that the majority of ADRs
were grade 3 (severe) and 4 (life-threatening) categories in this study.
Similar findings were also reported in the Netherlands study (Dittrich et
al., 2020). The cause for the higher severity of ADRs in our study is due
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to that most ADRs were responsible for prolonging hospitalization and
were also life-threatening. The severity of ADRs must be assessed to take
serious steps against the drug’s continued use. Severe ADRs have been
linked to a longer stay in the hospital and a higher financial cost due to
the need for more intensive medical care (Fasipe et al., 2019; Walter et al.,
2017).

In this study, preventability assessment using Modified Schumock
and Thornton scale showed 43.7% of ADRs were definitely and probably
preventable. Supported findings were also reported in the Jordan study
and reported that 44.7% of ADRs were definitely and probably prevent-
able (Al-Damen & Basheti, 2019). Another study conducted among pedi-
atric observed that 20% of ADRs were preventable or probably prevent-
able (Nasso et al., 2020). In the current study, a large proportion of the
identified ADRs were found to be preventable. The most important fac-
tors associated with preventable ADRs were insufficient monitoring and
incorrect dosing (Al-Damen & Basheti, 2019). The establishment of active
ADR surveillance and raise awareness is important to encourage safer
drug use. Periodic ADR reporting programs are required to educate and
enhance awareness among all HCPs. More focused efforts are needed
at the national level to avoid preventable ADRs in hospitals. Therefore,
ADRs should be monitored carefully to avert hazardous effects.

The skin was the most affected organ by ADRs in this study. Similar
findings were also reported by previously published studies (Nasso et
al., 2020; Priyadharsini et al., 2011; Rosli et al., 2017). However, a study
conducted by Dittrich and colleagues observed that gastrointestinal dis-
orders were more frequently seen in pediatric (Dittrich et al., 2020). The
reason for pediatrics’ increased cutaneous involvement ADRs can be at-
tributed to this age group’s unique physiology; in fact, they have a par-
tially matured epidermis that is not fully developed (Rashed et al., 2012;
Rosli et al., 2017). As a result, the skin becomes more porous and vulner-
able to chemical and microbial attacks (Stamatas et al., 2011).

In the present study, antibiotics were the most common drug class
followed by antifungal and antiviral reported for ADRs in pediatrics.
Similar results were detected by previously published studies (Rashed
et al., 2012; Rosli et al., 2017). The most frequently involved antibiotics
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associated with ADRs were Vancomycin followed by Ceftriaxone, Clin-
damycin and Colistin-Linezolid in our study. However, Penicillin and
Erythromycin were the most frequent antibiotics associated with ADR in
Malaysian pediatric patients (Rosli et al., 2017). Another study conduct-
ed among pediatrics reported Amoxicillin and beta-lactamase inhibitors
as frequently contributed to ADRs (Nasso et al., 2020). A large number
of antibiotics were prescribed in the general pediatric population, and a
higher number of ADRs were reported for drugs in this treatment group
(Gallo et al., 2012; Nasso et al., 2020; Priyadharsini et al., 2011). Due to
the problem of antibiotic resistance, pediatric infections were frequent-
ly treated with a combination and broad-spectrum of antibiotics at high
doses (Manan et al., 2016).

In this study, the majority of the antibiotics were linked to ADRs
related to skin reactions, which is consistent with the findings of other
studies (Priyadharsini et al., 2011; Rosli et al., 2017). Maculopapular rash-
es followed by anaphylaxis and redness on the whole body (erythema
multiforme), acute kidney injury were the main ADRs of Vancomycin
observed in our study. Al-Damen & Basheti were also reported acute kid-
ney injury with Vancomycin use (Al-Damen & Basheti, 2019). In addition,
erythema multiforme has been linked to a variety of antibiotics, includ-
ing b-lactams, macrolides, aminoglycosides, glycopeptides, and others
(Diaz & Ciurea, 2012). According to the previously published study, the
main Vancomycin-related ADRs were skin rashes and elevated serum
creatinine (An et al., 2011). Another study also reported anaphylaxis to
intravenous Vancomycin in a pediatric patient (Xie et al., 2021). Close
monitoring of laboratory testing, including complete blood counts with
differential analysis, is recommended for the early and precise diagnosis
of ADRs associated with Vancomycin use (An et al., 2011; Xie et al., 2021)

Antifungal drug (Amphotericin B) caused rashes in one pediatric
case in this study. A study conducted in India observed renal failure and
diarrhea as ADRs due to Amphotericin-B use (Sundaran et al., 2018). It
is reported that prolonged Amphotericin-B treatment can be associated
with maculopapular rash, eosinophilia and also systemic symptoms (Ce-
saro et al., 1999; Hagihara et al., 2015). Careful monitoring of the patient
being treated for the first time is warranted in the case of Amphotericin B.
Antiviral drug (Aciclovir) was responsible for Acute kidney injury relat-
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ed ADR in our study. Acyclovir is an antiviral medicine that is commonly
prescribed to pediatric, and it can cause acute kidney injury (Fleischer &
Johnson, 2010). A recent study also reported that an acute renal injury
occurred in 13% of parenteral Aciclovir treatment episodes (Ryan et al.,
2018). Therefore, dosage adjustments for baseline renal function and opti-
mal body weight are crucial to prevent ADRs (Yildiz et al., 2013).

Most of the ADRs were reported by a medical doctor in this study.
Nurses reported only one ADR and reporting from the pharmacist was
not observed. The accurate spontaneous ADRs reporting mechanisms
used by prescribers, nurses, pharmacists, and other paramedical workers
are critical for the detection of serious ADRs in hospitals (Giardina et al.,
2018; Giiner & Ekmekci, 2019). ADR underreporting is a global issue that
has been documented in previous international studies (AlShammari &
Almoslem, 2018; Alwhaibi & AlAloola, 2020). One of the Turkish govern-
ment’s major priorities is to monitor and report ADRs (TPMDA, 2014b).
In 2005, Turkey established the “Turkish Pharmacovigilance Center
(Turkish: Turkiye Farmakovijilans Merkezine)” to coordinate PV activi-
ties across the country. In Turkey, all HCPs are expected to be vigilant in
identifying and reporting ADRs to the hospital pharmacovigilance center
or directly to TUFAM (Ergun et al., 2019; Khan et al., 2020b). However,
despite the potential hazards of ADRs and the implementation of WHO
standard pharmacovigilance in Turkey, the under-reporting of ADRs
continues to be a widespread issue (Ergtin et al., 2019; Khan et al., 2020b;
Giiner & Ekmekci, 2019; TPDMA, 2020a). Previously published studies in
Turkey as well as at a global level reported that HCPs have insufficient
knowledge about pharmacovigilance systems and ADRs reporting (Al-
whaibi & AlAloola, 2020; Ergtin et al., 2019; Giiner & Ekmekci, 2019; Na-
dew et al., 2020). Lack of knowledge about adverse reactions to prescribed
drugs in pediatric patients is also responsible for underreporting of ADRs
(Dittrich et al., 2020; Khan et al., 2020b; Rosli et al., 2017). Therefore, the
creation of a mandatory unified periodic education intervention on ADRs
of drugs is crucial for better pediatric care. Turkish health policymakers
should also emphasize the importance of adequate cooperation between
international, local health authorities and manufacturers to stimulate and
support regular joint training programs for all HCPs to increase ADR
knowledge and reporting.
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Limitations and strength

Our research contains both limitations and strengths. This is a sin-
gle-center study involving only pediatric patients; therefore, it cannot
be generalized to other healthcare settings across the country. More-
over, a lower number of identified ADRs were evaluated due to a low
reporting rate in hospital pharmacovigilance centers. Lack of training,
inaccessibility to ADR reporting forms, poor skills, time restrictions, and
a lack of incentives are all plausible reasons for HCPs underreporting
(Venkatasubbaiah et al., 2018). On the other hand, our study highlights
the importance of a pharmacovigilance monitoring system to improve
quality reporting. Periodic monitoring of ADRs is useful for pediatric
patient safety and also for additional literature data, which is currently
rare. Moreover, this is the first study of ADRs among pediatrics in our
hospital context as well as in Turkey. As a result, it could serve as a start-
ing point for future research and give essential evidence for healthcare
stakeholders and government decision-makers to take the required ac-
tions to lessen the burden of ADRs in pediatrics.

5. Conclusion

ADREs in the pediatrics are a substantial public health problem. An-
tibiotics were the leading cause of ADRs, which may reflect the wide-
spread use of antibiotics in this population. The majority of ADRs were
related to skin reactions, and a considerable proportion was preventable
types. More focused efforts are needed at the national level to avoid pre-
ventable ADRs in hospitals. Monitoring and management of ADRs and
future studies would be valuable for improved patient care and safe-
ty. This study also strongly recommended the implementation of active
pharmacovigilance activities to significantly minimize the health and
financial burden on the pediatric population and also on the regional
healthcare system.

Conlflict of Interest

The authors declare no conflict of interest

Funding

No funding was received for this study from any private and gov-
ernment-based organization.



6. ULUSLARARASI OGRENCI BILIMLER KONGRESI BILDIRILER KiTABI - 2

REFERENCES

Al-Damen, L., & Basheti, 1. (2019). Preventability analysis of adverse drug
reactions in a Jordanian hospital: a prospective observational study. Interna-
tional journal of clinical pharmacy, 41(6), 1599-1610.

AlShammari, T. M., & Almoslem, M. J. (2018). Knowledge, attitudes &
practices of healthcare professionals in hospitals towards the reporting of ad-
verse drug reactions in Saudi Arabia: A multi-centre cross sectional study.
Saudi Pharmaceutical Journal, 26, 925-931.

Alwhaibi, M., & AlAloola., N. A. (2020). Healthcare students” knowledge,
attitude and perception of pharmacovigilance: A systematic review. PLoS
ONE, 15, e0233393.

An,S. Y, Hwang, E. K, Kim, J. H,, Kim, J. E,, Jin, H. ], Jin, 5. M., Kyun, J.
O., Lee, Y. H., Park, H. S., Choi, Y. W., Lim, S. K, & Ye, Y. M. (2011). Vancomy-
cin-associated spontaneous cutaneous adverse drug reactions. Allergy, asthma
& immunology research, 3(3), 194-198.

Angamo, M.T., Chalmers, L., Curtain, C. M., Bereznicki, L. R. (2016).
Adverse-drug reaction- related hospitalisations in developed and develop-
ing countries: A review of prevalence and contributing factors. Drug Safety,
39(9):847-857

Ayani, L., Aguirre, C., Gutiérrez, G., Madariaga, A., Rodriguez-Sasiain, J.
M., & Martinez-Bengoechea, M. J. (1999). A cost-analysis of suspected adverse
drug reactions in a hospital emergency ward. Pharmacoepidemiology and drug
safety, 8(7), 529-534.

Bellis, J. R., Kirkham, J. J., Nunn, A. ]J., and Pirmohamed, M. (2014). Ad-
verse drug reactions and off-label and unlicensed medicines in children: a
prospective cohort study of unplanned admissions to a paediatric hospital.
British Journal of Clinical Pharmacology, 77, 545-553.

Cesaro, S., Calore, E., Messina, C., & Zanesco, L. (1999). Allergic reaction
to the liposomal component of liposomal amphotericin B. Supportive care in
cancer: official journal of the Multinational Association of Supportive Care in Cancer,
7(4), 284-286.

Clavenna, A., & Bonati, M. (2009). Adverse drug reactions in childhood: a
review of prospective studies and safety alerts. Archives of Disease in Childhood,
94, 724-728.

338



EVALUATION OF ADVERSE DRUG REACTIONS IN PEDIATRIC PATIENTS

Comfort, S.; Dorrell, D.; Meireis, S.; Fine, J. (2018). Modified Naranjo cau-
sality scale for ICSRs (MONARCSI): A decision support tool for safety scien-
tists. Drug Safety.

Common Terminology Criteria for Adverse Events (CTCAE). U.S. De-
partment of health and human services.1-155. Retrieved from: https:/ /ctep.
cancer.gov/ protocoldevelopment/electronic_applications/docs/ctcae_v5_
quick_reference_5x7.pdf

Diaz, L., & Ciurea, A. M. (2012). Cutaneous and systemic adverse reac-
tions to antibiotics. Dermatologic Therapy, 25, 12-22.

Dittrich, A., Draaisma, J., van Puijenbroek, E. P., & Loo, D. (2020). Anal-
ysis of reporting adverse drug reactions in paediatric patients in a university
hospital in the Netherlands. Paediatric drugs, 22(4), 425-432.

Ergiin, Y., Ergiin, T. B, Toker, E, Unal, E., & Akben, M. (2019). Knowledge
attitude and practice of Turkish health professionals towards pharmacovigi-
lance in a university hospital. International Health. 11, 177-184.

Fasipe, O. ]J., Akhideno, P. E., & Owhin OS. (2019). The observed effect
of adverse drug reactions on the length of hospital stay among medical in-
patients in a Nigerian University Teaching Hospital. Toxicology Research and
Application, 3, 2397847319850451.

Fleischer, R., & Johnson, M. (2010). Acyclovir nephrotoxicity: a case re-
port highlighting the importance of prevention, detection, and treatment of
acyclovir-induced nephropathy. Case reports in medicine, 602783.

Gentili, M., Pozzi, M., Peeters, G., Radice, S., & Carnovale, C. (2018). Re-
view of the methods to obtain paediatric drug safety information: Sponta-
neous reporting and healthcare databases, active surveillance programmes,
systematic reviews and meta-analyses. Current clinical pharmacology, 13(1),
28-39.

Giardina, C., Cutroneo, P. M., Mocciaro, E., Russo, G. T., Mandraffino, G.,
Basile, G., Rapisarda, F., Ferrara, R., Spina, E., & Arcoraci, V. (2018). Adverse
drug reactions in hospitalized patients: Results of the FORWARD (Facilita-
tion of reporting in hospital ward) study. Frontiers in pharmacology, 9, 350.

Giiner, M. D., & Ekmekci, P. E. (2019). Healthcare professionals” phar-
macovigilance knowledge and adverse drug reaction reporting behavior and
factors determining the reporting rates. Journal of drug assessment, 8, 13-20.

3



6. ULUSLARARASI OGRENCI BILIMLER KONGRESI BILDIRILER KiTABI - 2

Hagihara, M., Yamagishi, Y., Hirai, J., Koizumi, Y., Kato, H., Hamada,
Y., Matsuura, K., & Mikamo, H. (2015). Drug-induced hypersensitivity syn-
drome by liposomal amphotericin - B: a case report. BMC research notes, 8, 510.

Haines, H. M., Meyer, J. C., Summers, R. S., Godman., B. B. (2020).
Knowledge, attitudes and practices of health care professionals towards ad-
verse drug reaction reporting in public sector primary health care facilities in
a South African district. European Journal of Clinical Pharmacology,76, 991-1001.

Hartwig., S. C, Siegel., ], & Schneider., P. J. (1992). Preventability and se-
verity assessment in reporting ADRs. American Journal of Health-System Phar-
macy, 49, 2229-32.

Hazell, L., & Shakir, S. A. (2006). Under-reporting of adverse drug reac-
tions: a systematic review. Drug Safety, 29(5), 385-96.

Impicciatore, P., Choonara, L., Clarkson, A., Provasi, D., Pandolfini, C., &
Bonati, M. (2001). Incidence of adverse drug reactions in paediatric in/ out-pa-
tients: a systematic review and meta-analysis of prospective studies. British
journal of clinical pharmacology, 52(1), 77-83.

Khan, Z., Muhammad, K., & Karatas, Y. (2020a). Pharmacovigilance and
incidence of adverse drug reactions in hospitalized pediatric patients: a mini
systematic review. Eqyptian Pediatric Association Gazette, 68, 24.

Khan, Z., Karatas, Y., & Rahman, H. (2020b). Adverse drug reactions re-
porting in Turkey and barriers: an urgent need for pharmacovigilance educa-
tion. Therapeutic Advances in Drug Safety. 11, 1-3.

Le, J., Nguyen, T., Law, A. V., & Hodding, ]J. (2006). Adverse drug reac-
tions among children over a 10-year period. Pediatrics, 118(2), 555-562.

Lombardi, N., Crescioli, G., Bettiol, A., Marconi, E., Vitiello, A., Bonaiu-
ti, R., Calvani, A. M., Masi, S., Lucenteforte, E., Mugelli, A., Giovannelli, L.,
& Vannacci, A. (2018). Characterization of serious adverse drug reactions as
cause of emergency department visit in children: a 5-years active pharma-
covigilance study. BMC pharmacology & toxicology, 19(1), 16.

Manan, M. M., Ibrahim, N. A, Aziz, N. A., Zulkifly, H. H., Al-Worafi, Y.
M., & Long, C. M. (2016). Empirical use of antibiotic therapy in the prevention
of early onset sepsis in neonates: a pilot study. Archives of Medical Science, 12,
603-613.

Nadew, S. S, Beyene, K. G., & Beza, S. W. (2020). Adverse drug reaction

340



EVALUATION OF ADVERSE DRUG REACTIONS IN PEDIATRIC PATIENTS

reporting practice and associated factors among medical doctors in govern-
ment hospitals in Addis Ababa, Ethiopia. PLoS Orne, 15, e0227712.

Naranjo, C. A., Busto, U., Sellers, E. M., Sandor, P., Ruiz, I., & Roberts, E.
A. (1981). A method for estimating the probability of adverse drug reactions.
Clinical Pharmacology & Therapeutics. 30, 239-245.

Nasso, C., Mecchio, A., Rottura, M, Valenzise M, Menniti-Ippolito F, Cu-
troneo PM, Squadrito V, Squadrito F, Pallio G, Irrera N., Arcoraci, V., & Alta-
villa, D. (2020). A 7-Years Active Pharmacovigilance Study of Adverse Drug
Reactions Causing Children Admission to a Pediatric Emergency Department
in Sicily. Frontier in Pharmacology. 11:1090.

Noda, A., Sakai, T., Obara, T., Miyazaki, M., Tsuchiya, M., Oyanagi,

G., Murai, Y., & Mano, N. (2020). Characteristics of pediatric adverse drug
reaction reports in the Japanese Adverse Drug Event Report Database. BMC
pharmacology & toxicology, 21(1), 36.

Nor-Aripin, K. N., Choonara, 1., and Sammons, H. M. (2012). Systematic
review of safety in paediatric drug trials published in 2007. European Journal of
Clinical. Pharmacology. 68, 189-194.

Oshikoya, K. A., Chukwura, H., Njokanma, O. F., Senbanjo, I. O., & Ojo,
I. (2011). Incidence and cost estimate of treating pediatric adverse drug reac-
tions in Lagos, Nigeria. Sao Paulo medical journal = Revista paulista de medicina,
129(3), 153-164.

Patel, K. J., Kedia, M. S., Bajpai, D., Mehta, S. S., Kshirsagar, N. A., & Gog-
tay, N. J. (2007). Evaluation of the prevalence and economic burden of adverse
drug reactions presenting to the medical emergency department of a tertiary
referral centre: a prospective study. BMC clinical pharmacology, 7, 8.

Priyadharsini, R., Surendiran, A., Adithan, C., Sreenivasan, S., & Sahoo,
F. K. (2011). A study of adverse drug reactions in pediatric patients. Journal of
pharmacology & pharmacotherapeutics, 2(4), 277-280.

Rashed, A.N., Wong, I. C. K., Cranswick, N., Tomlin, S., Rascher, W., and
Neubert, A. (2012). Risk factors associated with adverse drug reactions in hos-
pitalised children: International multicentre study. Eurpian Journal of Clinical
Pharmacology. 68, 801-810.

Rosli, R., Dali, A. F.,, Aziz, N. A,, Ming, L. C., & Manan, M. M. (2017). Re-
ported adverse drug reactions in infants: A nationwide analysis in Malaysia.
Frontiers in pharmacology, 8, 30.



6. ULUSLARARASI OGRENCI BILIMLER KONGRESI BILDIRILER KiTABI - 2

Ryan, L., Heed, A., Foster, J., Valappil, M., Schmid, M. L., & Duncan,
C. (2018). Acute kidney injury (AKI) associated with intravenous aciclovir in
adults: Incidence and risk factors in clinical practice. International journal of
infectious diseases: I]ID: official publication of the International Society for Infectious
Diseases, 74, 97-99.

Saqib, A., Sarwar, M. R., Sarfraz, M., & Iftikhar, S. (2018). Causality and
preventability assessment of adverse drug events of antibiotics among inpa-
tients having different lengths of hospital stay: a multicenter, cross-sectional
study in Lahore, Pakistan. BMC pharmacology & toxicology, 19(1), 34.

Schumock, G. T., & Thornton, J. P. (1992). Focusing on the preventability
of adverse drug reactions. Hospital Pharmacy, 27, 538-542.

Smyth, R. M., Gargon, E., Kirkham, J., Cresswell, L., Golder, S., & Smyth,
R. (2012). Adverse drug reactions in children-a systematic review. PLoS ONE,
7, €24061.

Stamatas, G. N., Nikolovski, J., Mack, M. C., and Kollias, N. (2011). Infant
skin physiology and development during the first years of life: a review of re-
cent findings based on in vivo studies. International Journal of Cosmetic Science.
33, 17-24.

Sundaran, S., Udayan, A., Hareendranath, K., Eliyas, B., Ganesan, B,,
Hassan, A., Subash, R., Palakkal, V., & Salahudeen, M. S. (2018). Study on the
classification, causality, preventability and severity of adverse drug reaction
using spontaneous reporting system in hospitalized patients. Pharmacy (Basel,
Switzerland), 6(4), 108.

Turkey pharmacovigilance center (TUFAM). (2005). Retrieved from
https:/ /titck.gov.tr/Portal Admin/Uploads/UnitPageAttachment/
QSI4TS8m.pdf.

Turkey Pharmaceuticals and Medical Devices Agency, (TPDMA). (2020a).
Administration annual report, number of adverse reaction reports sent to
WHO. Page 108. [Turkish: Tiirkiye Ilag ve Tibbi Cihaz Kurumu. (2020a). idare
Faaliyet Raporu, DSO’ye gonderilen advers reaksiyon bildirimi sayisi. Sayfa
108]. Retrieved from https:/ /www. titck.gov.tr/ kurumsal/faaliyetraporu.

Turkey Pharmaceuticals and Medical Devices Agency (TPMDA). (2014b).
Legislation on drug safety official gazette. no: 28973 [Turkish: Tiirkiye Ilag
ve Tibbi Cihaz Kurumu. (2014b). ilaglarin Giivenliligi Hakkinda Yénetmelik

342


https://titck.gov.tr/PortalAdmin/Uploads/UnitPageAttachment/QSl4TS8m.pdf
https://titck.gov.tr/PortalAdmin/Uploads/UnitPageAttachment/QSl4TS8m.pdf

EVALUATION OF ADVERSE DRUG REACTIONS IN PEDIATRIC PATIENTS

Resmi Gazete. Say1: 28973] Retrieved from http:/ /www.resmigazete.gov.tr/
eskiler/2014/04/20140415-6.htm.

Vazquez-Alvarez, A. O., Brennan-Bourdon, L. M., Rincén-Sanchez, A. R.,
Islas- Carbajal, M. C., & Huerta-Olvera, S. G. (2017). Improved drug safety
through intensive pharmacovigilance in hospitalized pediatric patients. BMC
Pharmacology and Toxicology. 18, 79.

Venkatasubbaiah, M., Reddy, P. D., & Satyanarayana, S. V (2018). Analy-
sis and reporting of adverse drug reactions at a tertiary care teaching hospital.
Alexandria Medical Journal, 54(4):597-603.

Walter, S. R., Day, R. O., & Gallego, B. (2017). The impact of serious ad-
verse drug reactions: a population-based study of a decade of hospital admis-
sions in New South Wales, Australia. British journal of clinical pharmacology, 83,
416-426.

World health organization (WHO). (2021a). WHO programme for in-
ternational drug monitoring. Members of the who programme for interna-
tional drug monitoring. Retrieved from: https://www.who-umc.org/glob-
al-pharmacovigilance/ who-programme-for-international-drug-monitoring/
who-programme-members/ .

World Health organization (WHO). (2020b). Anatomical Therapeutic
Chemical code (ATC) methodology. Retrieved from: https://www.whocc.
no/atc_ddd_index/.

World health organization and Uppsala Monitoring Centre (WH/UMC).
(2013). The use of the WHO-UMC system for standardised case causality
assessment. Retrieved from: https://www.who.int/publications/m/item/
WHO-causality-assessment.

Xie, S. S., Soler, X., & Risma, K. A. (2021). Perioperative anaphylaxis to in-
travenous vancomycin in a pediatric patient with previous topical exposures.
Annals of allergy, asthma & immunology: official publication of the American College
of Allergy, Asthma, & Immunology, 127(2), 264-266.

Yildiz, C., Ozsurekci, Y., Gucer, S., Cengiz, A. B., & Topaloglu, R. (2013).
Acute kidney injury due to acyclovir. CEN case reports, 2(1), 38-40.


https://www.who-umc.org/global-pharmacovigilance/who-programme-for-international-drug-monitoring/who-programme-members/
https://www.who-umc.org/global-pharmacovigilance/who-programme-for-international-drug-monitoring/who-programme-members/
https://www.who-umc.org/global-pharmacovigilance/who-programme-for-international-drug-monitoring/who-programme-members/
https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/
https://www.who.int/publications/m/item/WHO-causality-assessment
https://www.who.int/publications/m/item/WHO-causality-assessment




HIPOKAMPAL HUCRELERDE EPIDERMAL BUYUME FAKTORU'NUN ONEMI

N-HEPTIL-D-GALAKTONAMID iLE
UC BOYUTLU OLARAK KULTURE EDILEN
HIPOKAMPAL HUCRELERDE EPIDERMAL
BUYUME FAKTORU’NUN ONEMI

Aida Nurul Barokah’

Ozet

Giintimiizde noronal hiicrelerin biiytimesi ve farklilasabilmesi igin
ti¢ boyutlu (3B) hiicre kiiltiirti tekniklerinin gelistirilmesi kapsaminda
yeni biyomateryaller gelistirilmektedir. Arastirmacilarin biyomater-
yallerden en biiytik beklentisi in vivo davranislar1 daha iyi taklit ede-
bilmeleridir. Daha 6nce yapilan calismalar ile N-heptil-D-galaktonamid
(GalC?) jelinin protein ve transkript diizeyinde hem glial hem de néro-
nal hiicrelere farklilasmay: destekledigi gosterilmistir. Bu ¢alismada
E19,5 giinliik fare embriyosunun hipokampusundan ve bu hipokampus
bolgesinin Epidermal Biiytime Faktort (EGF) varligindaki kosullarda

1 Master’s Student, Ankara Yildirim Beyazit University, Faculty of Medicine, Translational
Medicine, ORCID: 0000-0003-3102-7858



6. ULUSLARARASI OGRENCI BILIMLER KONGRESI BILDIRILER KiTABI - 2

hem Poly (2-hydroxyethyl methacrylate) (pPHEMA) hem de GalC7 jeli
ile kulttire edildigi hticrelerinden TRIzol yardimiyla RNA izole edi-
lerek qPCR teknigi ile Doublecortin (Dcx) ve Noronal farklilasma faktérii
1 (Neurodl) mRNA ifade diizeyleri olctilmiistiir. pHEMA’ya kiyasla
GalC7 jelinde EGF varliginda, nérogenez belirteci olan Dcx ve Neurodl
asir1 diizeyde ifade olmustur. Buna ek olarak GalC7 jeli Dcx ve Neurodl
ifade diizeyi agisindan hipokampus dokusunun kendi dogasina en ya-
kin sonugclar1 vermistir. GalC7 jelinin hem glia hem de néronal hiicrelere
farklilasma acisindan ideal oldugu tespitimize ek olarak néronal kok
hiicrelerin ¢ogalmasina, gociine ve noronlara farklilasmasma katk:
saglayan EGF'nin, GalC7 jeli ile yapilacak kiiltiir calismalarina dahil
edilmesi gerekmektedir.

Anahtar Kelimeler: Diuisiik Molekiiler Agirlikli Hidrojel, EGF,
GalC7, qPCR, Dcx, Neurod1.
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1. Giris

Insan beynine dair simdiye kadar edinilen bilgiler, etik sorunlar
nedeniyle, cogunlukla olimii gerceklesmis bireylerin beyin drneklerine
dayanmaktadir. Insan olmayan primatlar da dahil olmak tizere hayvan
modellerinin, insan beynine kiyasla bazi farkliliklara sahip olmasi sebebiyle
insan merkezi sinir sisteminin ve ilgili hastaliklarinin arastirilabilmesi
zorluk arz etmektedir (Adams et al., 2019; Shou et al., 2020). Kok hiicre
teknolojilerinin hizl ilerleyisine ek olarak ti¢ boyutlu (3B) organoidlerin
ortaya ¢ikisi rejeneratif tipta biiytik ilgi gormiistiir (Shou et al., 2020). Ciin-
kii bu teknolojiler, insan beyninin gelisiminin arastirilabilmesi noktasinda
yeni kapilar acarken norodejeneratif hastaliklarda tedavi protokollerinin
gelistirilebilmesi i¢in de umut vaadedici olmustur.

Simdiye kadar nérodejeneratif hastaliklart modellemek icin baz1 yapi-
sal ve biyolojik sinirlamalara sahip iki boyutlu (2B) kiilttirler kullanilmistir
ancak bu platformalarin beynin karmasik 3B yapisini, dokuya 6zgti htic-
resel organizasyonlari, hticre-hticre ve hiicre-ekstreseliiler matriks etkile-
simlerini yansitmadig1 gosterilmistir (Anton et al., 2015; Cenini et al., 2021;
Centeno et al., 2018). Buna ek olarak, 2B kiiltiir ile kiyaslandiginda 3B
kiiltiir sistemlerinin hiicre biiytimesi ve islevi icin fizyolojik olarak daha
uygun bir ortam sagladig dustintilmektedir (Chalard et al., 2018). Ayrica,
noronal kiilttirlerin 3B olarak gerceklestirilmesinin in vivo davranisa daha
yakin sonuglar verdigi de artik bilinen bir gercektir. Ornegin, Alzeihmer
hastali$1 durumunda, karakteristik amiloid plaklarimnin sadece 3B model-
lerde gelistigi gortilmektedir.

Normal veya patolojik kosullar1 incelemek icin daha saglam in vitro
modelleri temsil eden bu 3B kiiltiir sistemleri ila¢ ¢calismalari i¢in de kul-
larulabilirdirler (Chalard et al., 2018). flaglara hiicresel yanit s6z konusu
oldugunda da 2B ve 3B kiiltiir kosullar1 arasinda ¢ok biiytik farkliliklarin
oldugunu gosteren calismalar mevcuttur (Cenini et al., 2021). Bu nedenle,
ilaclarin etkinligini daha iyi degerlendirmek veya daha gercekgi fonksiyo-
nel organlar gelistirmek igin 3B kiiltiir teknigini gelistirmek zorunlu hale
gelmistir. Sinir sisteminde, bu 3B kiilttir sistemleri ile iki ana uygulama he-
deflenmektedir. Birincisi, yaygin norodejeneratif hastaliklar: tedavi edebi-
lecek veya yavaslatabilecek yeni ilaglarin arastiriimas ile ilgilidir. Ikincisi
ise sinir sisteminin fiziksel yaralanmalarini hedeflemektedir.
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Su anda, noronal hiicrelerin biiytimesine ve farklilasmasma izin
vermek i¢in 3B hiicre kiilttirti teknikleri kapsaminda yeni biyomalze-
meler gelistirilmektedir. Arastirmacilarin biyomalzeme igin en biiytik
beklentisi, in vivo davranisi daha iyi taklit edebilmeleridir (Bruggeman
etal., 2019; Centeno et al., 2018; George et al., 2020; Grasman et al., 2018).
Beyin viicuttaki en yumusak organlardan biridir dolayisiyla néronlar ve
glial hticrelerin gelisip farklilasmasi icin ¢ok yumusak iskelelere ihtiyag
vardir. Bu nedenle, néronlarin tipki kendi dogasindaki gibi gelisimini
saglayan iskele hala oldukca azdir. Giintimiizde néronal hiicrelerin in
vitro 3B hiicre kiiltiirlerini ele almak icin farkl: tiirde bir¢ok biyomateryal
gelistirilmektedir. 3B hiicre kiilttirtinti yapilandirmak icin sadece sfero-
idlere dayanan modellerin yanu sira, fare sarkomundan ekstrakte edilen
ve timor kaynakli hiicre dis1 bir matris olan matrigel (Kim et al., 2015;
Palm et al., 2015), kolaj (Kaneko et al., 2015; Zychowicz et al., 2019), jela-
tin (Han et al., 2019) gibi dogal veya sentetik biyolojik molekiillere daya-
nan makromolekiiller mevcuttur.

Sakaritlerden tiiretilmis, gram 6lcekte hazirlanabilen molekiiler hidro-
jel kategorisindeki GalC7 hidrojelini sentezleyerek, eriskin insan néral kok
hiicrelerinin kiiltiiriinde kullananan Dr. Juliette Fitremann ve ekibi 2018
yilinda bu jelin ¢ok yogun bir noron ve glial hiicre agini olusturdugunu
gostermislerdir (Chalard et al., 2018). Buna ek olarak, ¢ok yogun uzun no-
rit demetlerinin (en az 500 pm) heterojen jel liflerini takip ederek heterojen
morfolojiler sergilediklerini de gozlemlemislerdir (Chalard et al., 2018).
Bu gozlem, aksonlarin ve dendritlerin biiytimesinin sadece biyokimyasal
degil, ayn1 zamanda mekanik sinyallere de tepki verdigini gosteren diger
calismalar1 animsatmaktadir. O halde, bir noritin bir akson veya dendrite
farklilasabilmesi, biyomalzemenin sertligine (Koser et al., 2016) ve biyo-
malzeme icinde norit tarafindan alinan yola baglidir (Franze et al., 2009).
com/documents/?uuid=411aac74-a569-4ac9-a25b-2956£533129b"]}],” -
mendeley”:{“formattedCitation”:” (Franze et al., 2009.

Bayram ve ark. GalC7jelini kullanarak fare hipokampus hticrelerinde
3B kdlttir yaptig1 calisma ile tilkemizde norodejeneratif hastaliklarin te-
davisine yonelik yeni ve umut vadedici bir adim atmustir (Bayram et al.,
2021). Bu calisma ile GalC7 jeli kullanilarak 3B kiiltiire edilen noronal
hiicrelerden ilk kez RNA izole edilerek, norojenezin bir belirteci olan
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Doublecortin (Dcx) ve noronal farklilasmanin bir belirteci olan Neurod1
mRNA ifade diizeylerinin hipokampus hiicrelerinin kendi dogasma

benzer profil sergiledigini gostermislerdir

Bu noktada, hiicre goclinii uyarmasi, hiicre biiylimesi, ya-
samasl, proliferasyonu ve farklilasmasinda onemli rol oynayan
bir bliyime faktorii olan epidermal btiytime faktorii (EGF)nin
hem pHEMA hem de GalC7 jeli ile 3B olarak kiltiire edilen hi-
pokampal hiicrelerdeki etkisi merak konusu olmustur (Sekil 1).
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Sekil 1. Calismanin Tasarimi: Embriyonik fare hipokampusunun qPCR teknigi ile 5
farkli kosuldaki mRNA ekspresyonu. E19,5. gtinde in vivo (1); 7 giin boyunca GalC7’de
EGEF (-) (2) ve EGF (+) (3) kiiltiire edildi; 12 gtin boyunca pHEMA ile EGF (-) (4) ve EGF

(+) (5) kiltiire edildi.

Noronal kok hiicrelerin in vitro ve in vivo proliferasyonunu, gocleri-
ni ve noroglial hiicre hattina dogru farklilasmalarini indiikledigi bilinen
(Scalabrino, 2020) EGF'nin 6zellikle GalC7 jeli kullanilarak kiiltiire edi-
len noron hiicrelerinin biiytimesi ve farklilasabilmesine katki saglayaca-
g1 diistinmekteyiz.

GalC7 jeli ile kulttire edilen hipokampal hiticrelere EGF ekleyerek
sinir hiicreleri icin en uygun yontemi gelistirmeyi ve boylece tilkemizde
norodejeneratif hastaliklarin tedavisine yonelik umut vadedici bir adim
daha atmay1 amaclamaktayiz.
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2. Yontem
2.1. Hidrojelin Hazirlanis1:

Her bir 6rnek icin 9 mg GalC7 tartilip yaklasik 5 kat hacimdeki ka-
pakli cam sise icine dokilmustiir ve tizerine 2 mL iki kez distile edilmis
su eklenmistir. Progralanabilir firm 115 © C'ye kadar 1sitilmistir ve cam
sise kapag hafif kapali sekilde firna yerlestirilmistir. Toz halindeki GalC7
¢Oziinene kadar ara ara kontrol edilerek firinda inkiibe edilmistir. Toz ha-
lindeki GalC7 ¢oziintince firmin 1sis1 105 © C'ye diistirtilmustiir ve 24 well
kilttir plate de firina alinmustir. Disarda sicak zeminde metal kap (plate
sigacak biiytikliikte) icinde su kaynayana kadar bekletilmistir. Sicak su igi-
ne firindaki plate yerlestirildikten sonra hafif sekilde 1stya maruz kalmis
pipet yardimiyla ¢oziinen GalC7 kuyucuklara 500 pL ¢ok hizl sekilde pi-
petlenmistir.

Plate i¢cindeki GalC7 jel haline gelmeden plate hizlica firma ve iki bos
plate arasina sandvig gibi alimustir. Plate’lerin en tist kismina celik blok yer-
lestirilerek firmin 105 ° C’den yavas yavas oda 1s1sia diismesi (min 90 dk)
bekletimistir. Boylece termal soktan korunularak yavas yavas sogumaile jel
elde edilmistir. Jel olusunca plate laminar kabin icine tasinmistir ve burada
kapagi acilarak kuyucuk igindeki su pipet yardimiyla uzaklastirilmustr. Jel
tizerine ¢ok yavas sekilde, 300 pL hazir medium pipetlenip %5 CO2 iceren
etiivde 37 “C’de 5 saat inkiibe edilmistir. Inkiibasyon sonrasi eski medi-
um pipet ile cekilip yerine tekrar 300 uL hazir medium eklenerek %5 CO2
igeren etiivde 37 °C’de bir gece inkiibe edilmistir. Inkiibasyon sonrasi eski
medium pipet yardimiyla cekilip atilmustir ve yerine 300 pL hazir medium
eklenerek tekrar %5 CO? igeren etiivde 37 °C’de 5 saat inkiibe edilmistir.
Boylece jel icindeki su ile mediumun yer degistirilmesi saglanmistir. Yedi
gunliik kilttir boyunca medium degistirilemedigi i¢in bu sayede, jelin me-
diumun her yerine ulasmasi saglanmustir.

2.2. Calismada Kullanilan Fareler:

Balb/c irki, 8 haftalik fareler kullanilmustir. Fareler, oda sicakligi 20-24
C’® ve nisbi nem miktar1 %45-70 sartlarmda minimum kafes alan 180 cm?
ve minimum kafes ytiiksekligi 12 cm? olacak sekilde barindirilmistir. Esey-
sel olgunluga erisen fareler bir erkege iki disi olacak sekilde ciftlesmeye
atilmustir. Sabah erken vakitte disilerde ¢iftlesme belirteci olan vajinal tikag
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kontrol edilmistir. Vajinal tikaci olan fareler 0,5 giinliik gebe kabul edilerek
takip edilmislerdir. Gebelik 19 giinliik oldugunda (E19,5) anneler sakrifiye
edilerek uteruslar Phosphate Buffered saline (PBS) icine alinmistir.

2.3. Embriyonik Hipokampus Cikarilmast:

E19,5 giinliik gebe farelerin uteruslarindan embriyolar pens yardi-
miyla cikarilmustir. Her bir embriyonun total beyini ¢ikarildiktan sonra
kuyruktan bir parca alinarak cinsiyet tespiti icin DNA izole edilmistir.
Embriyonun total beyini lam tizerine alinmistir ve 2 dk -20 °C’de bekle-
tilmistir. Soguk blok tizerinde ve binokiiler mikroskop altinda sag/sol
hipokampus pipet yardimiyla aspire edilmistir. Aspire edilen hipokam-
pus 1 mL Hanks” Balanced Salt (HBS) soltisyonu icine alinmustir.

2.4. Embriyodan Cinsiyet Tayini:
DNA Izolasyonu
DNA izolasyonu yapilirken asagidaki prosediir takip edilmistir:

1. Embriyolarin kuyruklarindan doku parcas:t 300 pL lizis buf-
fer (1M Tris, 0,56M EDTA, %4 Sodyum Dodesil Siilfat (SDS) , distile su
(dH20) ve proteinaz K igeren ependorf tiiplere alinmistir.

2. Ornekler 55°C'de bir gece inkiibasyona birakilmustir.
Inkiibasyondan sonra 100 uL. Amonyum asetat eklenerek ve iyice karis-
tirillmustir.

3. Ornekler 4000 rpm’de 20 dk santifiij edilmistir. Stipernatant te-
miz bir ependorfa almarak 500 pL izopropanol eklenmistir ve 5dk oda
1sisinda inkiibe edilmistir.

4. Inkiibasyon sonrasi 4000 rpm’de 10 dk santifiij yapilmistir ve su-
pernatant atilarak olusan pellete 1000 uL %70 etanol eklenmistir.

5. Ornekler 4000 rpm’de 10 dk santifiij edilmistir ve supernatant
atilmastir.

6. Olusan pelletten alkolti uzaklastirmak i¢in ependorf tiip kapagt
acik sekilde 10 dk oda 1sisinda inkiibe edilmistir.

7. Pellet kuruduktan sonra 100 uL Nuclease-Free Water (NFW) (Qi-
agen, Almanya) ile ¢oztilmiistir.

8. Biospec Nano (Shimadzu) kullanilarak DNA konsantrasyon 6l-
¢limii yapilmastir.
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Polimeraz Zincir Reaksiyonu (PCR)

Cinsiyet tayini icin embriyonun kuyruk dokusundan DNA izolasyo-
nu yapildiktan sonra Sry geni forward 5 TGCACAATTGTCTAGAGA-
GC3, reverse 5’ ACTGCAGAAGGTTGTACAGT3' ve Pax6 geni forward
5'CTTTCTCCAGAGCCTCAAT3Y, reverse 5 GCAACAGGAAGGAGGG-
GGAGAZY primerleri kullanilarak (Tablo 1) PCR ile cogaltma islemi ya-
pilmustir. PCR islemi icin 5 pL. DNA (10 pg-1 pg), 5 uL 10X Taq Buffer, 4
pL 25mM MgCl2, 4 pL ANTP mix (2.5 mM each), her bir primerden 0.5 uLL
10uM Sry F, Sry R, Pax6 F, Pax6 R,O.5 uL 1,25U Taq DNA Polimeraz (Ther-
mo Fisher, Amerika), son hacmi 50 pL’ye tamamlayacak sekilde Nuclease
Free Water kullanilmustir. 95 °C’de 5 dk 6n denatrasyon, 30 dongti boyun-
ca 94 °C’'de 1 dk denaturasyon, 57 °C’de 45 saniye annealing, 72 °C'de 1
dk uzama ve son olarak 72 °C’de 10 dk olacak sekilde Termal Cycler PCR
Cihaz1 (SensoQuest) calistirilmistir. PCR {irtinleri, etidyum bromid iceren
%2'lik agaroz jelde kosturulmustur. Jel goriintiileme sistemi (Bio-Rad) ve
Image Lab analiz programi kullanilarak jel goriintiilenmistir (Sekil 2).

Tablo 1. Cinsiyet tayini i¢in gerekli primer dizileri.

Targeted Primer Sequences (5’-3') Product Size (bp) Primer Concentration
Genes (mM)
Sry F: TGCACAATTGTCTAGAGAGC 329 0,01 mM
R: ACTGCAGAAGGTTGTACAGT 0,01 mM
Pax6 F: CTTTCTCCAGAGCCTCAAT 150 0,01 mM
R:GCAACAGGAAGGAGGGGGAGA 0,01 mM

Sekil 2. Cinsiyet tayini jel gortintiisii: M: Markir (100bg-3000bg), 1.,2. ve 6. emb-
riyolarin cinsiyeti erkek iken 3.,4. ve 5. embriyolarin cinsiyeti disidir. 7. 6rnek kontrol
disi, 8. 6rnek kontrol erkektir.
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2.5. Hiicre Kiiltiirii
Poly-Hema ile Primer Hiicre Kiiltiirii:

Hipokampusten primer hiicre kilturti yapilirken asagidaki
prosediirler takip edilmistir:

1. pHEMA (Sigma, Almanya) kiiltiire baslamadan bir giin 6nceden
hazirlanmistir. 300mg pHEMA 10ml %95 Etanol ile su banyosunda (65
°C) ara ara vorkteks yapilarak ¢ozdiirtlmistir.

2. Laminar hava kabini i¢inde 24 well-plate’in her bir kuyucuguna
200 nL pHEMA pipetlenmistir. Plate kapag agik sekilde alkoliin ugmas
i¢in bir gece kabinde birakilmistir.

3. Ertesi gtin E19,5 guinliik gebe farelerin embriyolarindan aspire
edilen sag ve sol hipokampus 1mL Hanks’ Balanced Salt (HBS) soliisyo-
nu i¢ine alinmustir.

4. Dokular restispanse edilip 1000 rpm’de 2 dk oda 1s1sinda santri-
fuj edilmistir.

5. Hiicrelerin ekimi icin Dulbecco’s Modified Eagle Medium: Nut-
rient Mixture F-12 (DMEM/F12) (Sigma, Almanya) medium kullanil-
mistir. DMEM/F12 mediuma; %10 oraninda Fetal Bovine Serum (FBS)
(Sigma, Almanya), %1 oraninda Penicillin-Streptomycin (Pen Strep)
(Gibco, Life Tecnologies) ve L-Glutamine (200 mM) (Gibco, Life Tecno-
logies) eklenerek kullanima hazir medium elde edilmistir.

6. Santrifiij sonrasi supernatant atilip hticreler ImL hazir medium
ile restispanse edilerek her 6rnek ikiser pHEMA kapl well plate’e (her
bir well’e 500 pL) ekilmistir. %5 CO2 iceren etiivde 37 °C’de inkiibe edil-
mistir.

7. Kiltirtin 3.gtintinde her well’e 1X Insulin-Transferrin-Seleni-
um-A (ITS), 1X B27 Supplement eklenmistir. Cift ekilen 6rneklerden bi-
rine 20 ng/mL Epidermal Biiytime Faktorii (EGF) eklenirken digerine
ayn1 hacimde hazir medium eklenmistir.

8. Kiiltiirtin 7.gtlintinde 7.basamaktaki islem tekrarlanmistir.

9. Kilttirtin 12. gtintinde kilttir sonlandirilip RNA izolasyonu ya-
pilmustir.
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GalC7 Jeli ile Primer Hiicre Kiiltiirii:

Aspire edilen embriyonik hipokampus HBS ile yikandiktan sonra
1000 rpm’de 2 dk oda 1s1sinda santrifiij edilmistir ve pellet 250 pL hazir
medium ile resiispanse edilmistir. Ornege 1X B27 Supplement, 1X ITS
eklenip naif sekilde alt-list edilmistir. Cift ekilecek 6rneklerden birine
20 ng/mL Epidermal Biiytime Faktorii (EGF) eklenirken digerine ayni
hacimde hazir medium eklenmistir. Resiispanse edilen 6rnek GalC7 jeli
bulunan kuyucuga jele zarar vermeyecek sekilde dikkatle pipetlenmis-
tir. Plate %5 CO2 iceren etiivde 37 °C’de inkiibe edilmistir. Yedi giin
sonra kiilttir sonlandirilip RNA izolasyonu yapilmustir.

2.6. RNA Izolasyonu
Poly-Hema ile Yapilan Primer Hiicre Kiiltiiriinden RNA Izolasyonu:
Kultiir 12 gtinliik oldugunda pHEMA kapli plate pastor pipeti yar-

dimiyla epandorf tiipe tasinmistir. Kiilttirtin sonlanmasi sonrast RNA
izolasyonu igin asagidaki prosediirler takip edilmistir.

1. Tupler 1000 rpm’de 2 dk oda 1sisinda santriftij edildikten sonra
1 mL TriPure Isolation Reagent (Roche, Almanya) ve 1 uL (20ng/mL)
Glikojen eklenmistir ve iyice vorteks yapilmistir.

2. Tuplere, 200 pL Kloroform eklenmistir ve 15 sn vorteks yapilmustir.

3. Tiupler 12000 g'de 20 dk 4 °C’de santriftij edilmistir. Santriftijden
sonra akoz faz yeni ependorf tiipe alinmistir.

4. Akoz fazin tasindigi tiipe 500 L Izopropanol eklenip iyice vor-
tekslenmistir ve -20 °C dolapta bir gece bekletilmistir.

5. Inkiibasyon sonrasi tiipler, 12000 g’de 10 dk 4 °C’de santrifiij
edilmistir ve stiperntant atilmaistir.

6. Yikama islemi i¢in pellete 1 mL %75 Etanol eklenip alt-tist edil-
mistir ve 7500 g’de 5 dk 4°C’de santrifiij edilmistir ve stiperntant atilmis-
tir.

7. Yikama islemi tekrar edilmistir ve santrifii sonras: stiperntant
atilmstir.

8. Pellet30pLNtukleazicermeyensu(Qiagen, Almanya)ile¢oziilmiis-
turveBiospecNano (Shimadzu)kullanilarakabsorbansol¢timiiyapilmustir.
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GalC7 Jeli ile Yapilan Primer Hiicre Kiiltiiriinden RNA Izolasyonu

Kultiir 7 gtinltik oldugunda jele zarar vermeyecek sekilde medium
cekilip atilmistir. Jele zarar vermeyecek sekilde 200 uL PBS jel tizerine
pipetlenip geri cekilerek jele tutunmamus hiicreler uzaklastirilmistir.
Akabinde, RNA izolasyonu icin asagidaki prosediirler takip edilmistir.

1. GalC7 jeli bulunan kuyucuga 1 mL TriPure Isolation Reagent
(Roche, Almanya) eklenmistir bu evrede pipetaj yapilarak jelin ¢oziin-
mesi saglanmustir. Pipet yardimuyla trizol ve hiicre karisimi kuyucuktan
epandorf tiipe tasinmustir.

2. Epandorf tiipe 1 pL (20ng/mL) Glikojen eklenerek iyice vorteks ya-
pildiktan sonra 200 pL Kloroform eklenmistir ve 15 sn vorteks yapilmistir.

3. Tipler 12000 g’'de 20 dk 4 °C’de santrifiij edilmistir. Santriftijden
sonra akoz faz yeni ependorf tiipe alinmustir.

4. Akoz fazin tasindigi tiipe 500 L Izopropanol eklenip iyice vor-
tekslenmistir ve -20 °C dolapta bir gece bekletilmistir.

5. Inkiibasyon sonrast tiipler, 12000 g’de 10 dk 4 °C’'de santrifiij
edilmistir ve stiperntant atilmistir.

6. Yikama islemi icin pellete 1 ml %75 Etanol eklenip alt-iist edilmis-
tir ve 7500 g’de 5 dk 4 °C’de santrifiij edilmistir ve stiperntant atilmustir.

7. Yikama islemi tekrar edilmistir ve santrifii sonras: stiperntant
atilmastir.

8. Pellet 30 uL NFW (Qiagen, Almanya) ile ¢oziilmiistiir ve Biospec
Nano (Shimadzu) kullanilarak absorbans dl¢timiti yapilmustir.

2.7. cDNA Sentezi

RNA orneklerinden cDNA sentezlenirken EvoScript ¢cDNA Kiti
(Roche, Almanya) kiti kullanilmistir; 4 pL. Reaction Buffer (5X), 14 pL
Template RNA (2,5 pg / 20 pL) karisimu 5 dk buz tizerinde bekletilmistir.
Bu siire sonunda her bir 6rnek tizerine 2 pL. Enzim karisimi eklenerek
Thermal Cycler (SensoQuest) cihazinda 42 °C’de 15 dk, 85°C’de 5 dk ve
65°C’de 15 dk inkiibe edilmistir. Inkiibasyon sonrasi elde edilen cDNA
ornekleri Pre-Amplifikasyon islemi icin kullanilmaistir.

B33



6. ULUSLARARASI OGRENCI BILIMLER KONGRESI BILDIRILER KiTABI - 2

2.8. Pre-Amplifikasyon Yontemi (On Cogaltma)

mRNA ekspresyon seviyesi arastirilacak primer/probe (Integrated
DNA Technologies, Belgika) %10 seyreltilerek 6n ¢ogalma islemi icin
Pre-AMP Master Kit (Roche, Almanya) ile birlikte kullanilmistir; 5 pL
c¢DNA 10 pL Pre-amp master mix,1,4 pL %10 seyreltilmis primer/probe
ve son hacimi 25 pL’ye tamamlayacak sekilde NFW eklenmistir (Tablo 2
). Thermal Cycler (SensoQuest) cihazinda 6n denatrasyon icin 95 °C’de
1 dk, 13 dongii boyunca 95°C’de 15 sn, 60°C’de 4dk inkiibe edilmistir.

Tablo 2. Pre-Amplifikasyon islemi i¢in gerekli malzemeler ve

miktarlar1.
Materials Volumes
%10 Dcx 1.4 uL
Primerler
%10 Neurod1 1.4 L
Pre-Amp Master Mix 10 pL
NFW 1.6 L
cDNA 5 uL

2.9. PCR ile mRNA Ekspresyon Calismasi

mRNA ekpresyon seviyesinin ¢l¢iimii i¢in 10 pL 2X Probe Master
Mix, 1 pL Primer/Probe, 4 uL NFW ve 5 uL pre-amp cDNA (1/40 ora-
ninda seyreltilmis) karisimi 96 well plate (Roche, Almanya) tizerine pi-
petlenmistir. 96 well plate, seal ile kapatilarak LightCycler 480 II (Roche,
Almanya) Real-Time PCR cihazinda 6n denatrasyon igin 95 °C’de 10 dk,
50 doéngti boyunca 95°C’de 10 sn, 60°C’de 30 sn, 72°C’de 1sn ve cooling
i¢cin 40°C’de 30 sn inkiibe edilmistir. House-keeping gen olarak actin,
beta kullanilmistir ve her bir 6rnek ¢ift calisilmistir. Veriler delta delta ct
metodu kullanilarak normalize edilmistir.

3. Tartisma

EGF'nin hipokampal noéronal 3B hiicre kiiltiirleri tizerindeki etkisi-
ni gostermek icin planladigimiz bu ¢alisma ile E19,5 giinliik hipokam-
pal hiicreleri hem pHEMA hem de GalC7 jeli kullanarak kiiltiire ede-
rek bu pimer hiicre kiiltiirlerinde bir nérogenez belirteci olan Dcx ve
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bir noronal farklilasma belirteci olan Neurodl mRNA ifade diizeylerini
qPCR teknigi ile arastirdik ve sonuglarimizi asagida oldugu sekilde yo-
rumladik.

Dcx, insanlarda normal hipokampal gelisim i¢in gerekli olan mik-
rottibtile bagli bir proteindir. Dcx’in protein diizeyinde ekspresyonuna
engel olan bir mutasyon tasityan farelerin hipokampusunun CA3 bol-
gesinde cok siddetli bozulmus tabakalasma tespit edilmistir. Ozetle,
hipokampusun yapisal gelisimi i¢in Dcx gereklidir (Corbo et al., 2002)
whereas heterozygous females show a mosaic phenotype with a nor-
mal cortex as well as a second band of misplaced (heterotopic. 2019
yilinda Nature dergisinde yayinlanan bir makalede Dcx proteinini bol-
ca ifade eden olgunlasmamis noronlarin bollugunu tespit eden aras-
tirmacilar, bu hiicrelerin insanlarda yetiskin hipokampal nérogenezi
boyunca énemli oldugu cikarimini yapmuslardir (Moreno-Jiménez et
al., 2019). Bayram ve ark. 2021 yilinda yaptiklar1 calismada hipokam-
pal hiicreleri hem pHEMA hem de GalC7 jeli kullanarak kiiltiire et-
mislerdir. pHEMA kullanarak elde ettikleri norosferlerde Dcx mRNA
ifade diizeyini yok denecek kadar az tespit ederken GalC?7 jeline ekilen
hipokampal hiicrelerde asir1 Dcx ekspresyonu tespit ederek GalC?7 je-
linin néron hiicre kiiltiirti i¢in ideal oldugu ¢ikariminmi yapmuslardir.
(Bayram et al., 2021). Bu ¢alismada ise pHEMA kullanarak elde edilen
norosferlere kiyasla GalC7 jelinde Dcx ifade diizeyinin hem EGF var-
ken hem de yokken anlamli olarak arttig1 tespit edilmistir (p<0,0001)
(Sekil 3). Garcez ve ark. bildircin embriyolari ile yaptiklar: calismada
EGF’in nérogenezi destekledigini tespit etmislerdir (Garcez et al., 2009)
we further investigate the effect of microenvironmental factors on qu-
ail trunk NC development. We show for the first time that EGF indu-
ces differentiation of NC to the neuronal and melanocytic phenotypes,
while fibroblast growth factor 2 (FGF2. Nitekim biz de ¢alismamizda
EGF (+) GalC7 jelinde bir nérogenez biyobelirteci olan Dcx’in mRNA
ifade diizeyinin daha ytiksek oldugunu tespit ettik (Sekil 3).

Noronal farklilasma faktorii olarak bilinen Neurodl, periferik ve
merkezi sinir sistemlerinin noronlarinin gelisimi sirasinda yiiksek
oranda ifade olmaktadir (Chae et al., 2004). Fare ve insan hipokampu-
sunda yetiskinlik dénemi boyunca Neurodl mRNA ekspresyonu cok
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Sekil 3. Gruplar arasinda Dcx mRNA ekspresyonunun kiyaslanmasi.

yiiksek seviyede kalarak dokunun bakim ve onarim gorevini tistlenmekte-
dir (Lee et al., 2000; Molecular Cloning of a Human NeuroD from a Neuroblasto-
ma Cell Line Specifically Expressed in the Fetal Brain and Adult Cerebellum. - Pub-
Med - NCBI, n.d.). Neurodl geninin homozigot yoklugunda hipokampusda
norogenezin gerceklestigi bolge olarak bilinen dentat girusun, dramatik bir
sekilde kiictildtigi gosterilmistir (Miyata et al., n.d.; Schwab et al., n.d.). Bu
sayede, Neurod1l’in yenidogan noronlarinin gogtii, olgunlasmasi ve hayatta
kalmasinin yan sira ndrogenez icin de gerekli oldugu gosterilmistir (Aprea
et al., 2014). Bayram ve ark. 2021 yilinda yaptiklar: calismada hipokampal
hiicreleri hem pHEMA hem de GalC7 jeli kullanarak kiiltiire etmislerdir.
pHEMA kullanilarak elde edilen norosferlere kiyasla GalC7 jeline ekilen
hipokampal hiicrelerde Neurodl mRNA ekspresyonunun asir1 derecede
ytiksek oldugunu tespit ederek GalC7 jelinin néron kiiltiirti icin ideal oldu-
gu cikarimini yapmislardir (Bayram et al., 2021). Bu calismada ise pHEMA
kullanarak elde edilen norosferlere kiyasla GalC7 jelinde EGF varhiginda
Neurodl mRNA ifade diizeyinin anlamli olarak arttigi tespit edilmis-
tir(p<0,0001) (Sekil 4). Bu bulgular ag organizasyonu gercekten hiicre dist
matris mimarisini taklit ediyor gibi gortinen GalC7 jelinin (Chalard et al.,
2018) noron kiiltiirii icin ideal oldugunun bir kez daha gostergesidir. Buna
ek olarak Angénieux ve ark. fare retinal goz kok hiicreleri ile yaptiklar
calismada (Angénieux et al., 2006), Casper ve ark. rat embriyonik néron
hticreleri ile yaptiklar: calismada (D et al., 1991) EGF'in néronlarin hayatta
kalmasim sagladigimn tespit etmislerdir. Ayrica Garcez ve ark. bildircin
embriyolar1 ile yaptiklar1 ¢alismada EGFin norogenezi desteklediginin
yanu sira EGF'in noronal kok hiicrelerin nérona dogru farklilasmaya tesvik
ettigini gostermislerdir (Garcez et al., 2009). Nitekim biz de calismamiz-
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da EGF(+) GalC7 jelinde kiiltiire edilen hipokampal hiicrelerin bir néronal
farklilasma biyobelirteci olan Neurodl mRNA ifade seviyesinin arttigin
tespit ettik (p<0,0001) (Sekil 4).

Ozetle, noronal kok hiicrelerin in vitro ve in vivo gogalmasi-
ni, goclinii ve noroglial hiicrelere dogru farkhilasmasini indiikleyen
EGF'nin (Scalabrino, 2020), GalC7 jeli ile yapilacak noronal kiiltiir
calismalarinda protokole eklenmesi gerektigini tespit ettik (Sekil 3
ve Sekil 4). Noronal progenitor hiicreler agisindan zengin oldugu
dusuntlen pHEMA kullanilarak elde edilen norosferlerin hem kendi
basina hem de EGF varliginda GalC7 ile yarisamayacak kadar geride ol-
dugu molekiiler diizeyde bir kez daha gosterilmis olmustur (p<0,0001)
(Sekil 3 ve Sekil 4).

-
-

Sekil 4. Gruplar arasinda Neurodl mRNA ifade seviyesinin kiyaslanmasi.

Sonug

Bir¢ok norodejeneratif hastaliga tan1 konulabilmesi ve 6zellikle teda-
vi edilebilmesi icin ndronlarmn uygun sekilde ¢ogalabilecegi biyomalze-
melere olan gereksinim boyle bir calisma yapmamiz icin ilham vermistir.
Tam bir ige ice gecmis noronal agin gelismesine izin veren ve noral doku
rejenerasyonunu destekleme potansiyeli protein diizeyinde (Chalard et
al., 2018) ve mRNA diizeyinde (Bayram etal., 2021) ortaya koyulmus olan
GalC7 jelinin hem glia hem de noronal hiicrelere farklilasma agisindan
ideal oldugu tespitimize ek olarak noronal kok hiicrelerin cogalmasina,
gociine ve noronlara farklilasmasina katki saglayan EGF'nin, GalC7 jeli
ile yapilacak kiiltiir calismalarina protokole eklenmesi kanaatindeyiz.
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Abstract

The quest for an alternative form of medicine aside from the or-
thodox one is ever increasing. Herbal medicine and others with history
dated to more than a decade century are now being reintegrated into
modern medicine. For more than 14 centuries, the Arabian Peninsula
have used mammary secretions and urine of camels in the treatment of
chronic infections. Camellus (Camel) is the most common animal whose
milk and urine are used in traditional medicine. In the last decade, var-
ious articles and researches have documented its potential as an antimi-
crobial, anti-inflammatory, anticancer and antioxidant property, which
can be used against animal and human pathogens. The major challenges
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in camel urine research are low public awareness, accessibility, avail-
ability, religious beliefs and non-authorization by health regulatory
agencies. However, Chemical synthesis, clinical trials and elucidation
via advanced research of bioactive elements of camel urine are potential
possibilities where camel urine researches can be channelled.

Keywords: Camel, Urine, Milk, Pathogens.
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1. Introduction

Camel is a one-of-a-kind animal that lives and reproduces in harsh
climatic environments, which are unsuitable for most domestic animals.
The camel remains an important source of food and transportation for
desert dwellers in Asia and Africa. Camel milk and urine have long been
used to cure a host of diseases due to their healing properties. Camel
urine and milk contain bioactive compounds with anti-inflammatory,
antimicrobial, anticancer, and antioxidant properties, which can be used
to treat a variety of diseases. Camel urine and milk may have acquired
healing properties as a result of the camel’s intake of active-substance-rich
desert shrubs. Camel milk has antiviral and antibacterial effects, making
it helpful in killing bacteria and protecting the body against a variety of
diseases, including curing cancer in some cases (Gabry & Wadi, 2003).
Furthermore, camel urine has anticancer effects, which are due to the
inclusion of nanomaterials in urine, which can effectively attack cancer
cells while preserving healthy cells in a cancer patient (Wadi, 2012).

Many chemical constituents contained in camel urine have been
shown to have biological activities, including antibacterial, antifungal,
antiviral, and anticancer properties (Alhaider et al., 2011; Al-Yussef et
al., 2012; Romli et al., 2017). The medicinal efficacy of camel urine has
been studied in Asian countries, for example, in the treatment of dia-
betic neuropathy (Agarwal et al., 2009). Profiling of urinary acids and
metabolites by NMR and GCMS is becoming increasingly important in
clinical studies (Ahamad et al., 2017). While there aren’t enough scientif-
ic trials, camel milk and urine have long been thought to be a high-qual-
ity alternative treatment for a variety of ailments particularly chronic
imbalance of the liver (Soliman et al., 2016; Zuberu et al., 2017). Al-Harbi
et al. (1996) conducted several in vivo experiments on albino mice to de-
termine whether using camel urine and milk to treat liver and stomach
had any side effects (Al-Harbi et al., 1996). The results have shown that
the biological activity of either camel milk or urine, or its combination
mixtures, is a healthy alternative medicine.

Numerous studies have recently been conducted on these alleged
therapeutic effects, and there is now a growing body of scientific ev-
idence describing the components of camel products, as well as their
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medicinal constituents. These findings provide empirical evidence to
back up the current trend of using camel milk and urine for medicinal
purposes. Some factors, however, can limit the use of raw camel urine
and milk. This review will explore the plausibility of using Camel urine
and milk as a therapeutic intervention, as well as challenges and poten-
tial possibilities.

2. Microbiological Importance of Camel Urine

Antimicrobial effect: The adverse effect of pathogens on human and
animal health cannot be over-emphasized. The majority of human and
animal infections are attributed to pathogens of bacterial, fungal and vi-
ral origin (Leeds et al., 2006). Antimicrobial agents involved in the con-
trol of pathogens had been classified into natural and synthetic antimi-
crobial. Natural and synthetic antimicrobial drugs can be obtained from
plants, animals and microorganisms. Ye et al (2020) classified natural
antibacterial drugs into; daptomycin, fidaxomicin, tigecycline, natural
antifungal drugs into; caspofungin acetate and micafungin sodium as
approved by the Food and Drug Administration (FDA) (Leeds et al.,
2006). Van Vuuren et al (2017) on the other hand classified natural an-
timicrobials into medicinal plants, essential oils and compounds (Van
Vuuren et al., 2017). Common examples are found in marine products
(such as peptides, alkaloids, polypeptides and many more), camel milk
and camel urine. In the last two (2) decades, the efficacy of some natural
and synthetic antimicrobial agents became questionable due to increas-
ing reports of antimicrobial resistance by pathogens. However, no liter-
ature or scientific research exists to date on the antimicrobial resistance
of camel urine and camel milk by pathogens. Shinashal (2015) reported
the efficacy of camel urine against pathogenic bacteria when compared
with established antibiotics against pathogens (Shinashal, 2015). Camel
urine exhibits a complete bactericidal effect on clinical bacterial patho-
gens with the disappearance of signs and symptoms within a limited
time than that achievable with standard antibiotics of such pathogens.
In the antibacterial efficacy of camel urine study as reported by Sumia
(2016) and co-authors, the disc diffusion test and agar well diffusion tests
were the anti-microbial susceptibility tests commonly employed to study
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the effects of camel urine against pathogens. Sumia (2016) and co-au-
thors thought that concentrated camel urine is best in treating patho-
gens (Sumia et al., 2016). In addition, Kabbashi and Omer (2016) proved
the anti-fungal activity of camel urine against dermatomycosis causing
fungal genera like Trichophyton, Microsporum and Epidermophyton. From
the results, camel urine proved its worth as an antifungal and anti-der-
matophytes agent by inhibiting the growth of the fungal genera tested
(Kabbashi & Omer, 2016).

Numerous reports exist on the antimicrobial and anticancer poten-
tial of camel urine. Khalifa (2005) and co-authors are of the view that the
mode of action of camel urine on microbial and cancer cells were the
same with no histopathological effects in the experimental studies con-
ducted (Khalifa et al., 2005). Furthermore, Shoeib and Ba-hatheq (2008)
are of the view that “camel urine acts by antagonizing microbial cells
and plasmids, thus defeating killer cells via rapid growth disruption in
microorganisms and eventual cell death (Shoeib & Ba-Hatheq, 2008). On
the contrary, Mostafa and Dwedar (2016) credited the camel’s antimi-
crobial to the high salt and alkaline presence amongst its constituents
in addition to the natural bioactive compounds it possessed (Mostafa &
Dwedar, 2016).

Antagonistic effect on plant pathogens: The devastating effects of
pathogens on plants and crops led to the introduction of biotechnological-
ly improved seedlings in agriculture. However, research is still ongoing
on finding ways to ameliorate the harmful effects of pathogens in plants.
Current techniques in combating plant pathogens can be classified into
“inducible and constitutive or chemical, structural and morphological”
as described by Zaynab et al (2019) (Zaynab et al., 2019). Besides, pri-
mary metabolites (such as carbohydrates, proteins, lipids, enzymes, hor-
mones) and secondary metabolites (alkaloids, flavonoids and phenolics)
confer immunity against plant pathogens (Zaynab et al., 2018; Zaynab et
al., 2019). Similarly. The urine of ruminant animal had been reported to
possess antimicrobial effects (Anami et al., 2012). However, no literature
exists on the efficacy of animal urine against plant pathogens except the
study of Nafie (2004). Nafie (2014) proved the potential of camel urine
as an antagonist to plant pathogens. From the study, folial application of
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camel urine on tomato seedlings acted as a primary defence mechanism
employed by tomato plants against the notorious tomato pathogen Fu-
sarium oxysporum. This study is an eye-opener to botanists regarding
natural ways of combating plant pathogens which often require huge
expenditure to combat (Nafie, 2014). It is worthy of note that camels are
the most enduring beast of burden and the only animal capable of adapt-
ing to changing weather and climatic conditions as reported by Hoffman
(2010). However, camel and camel products research is still challenged
despite their numerous benefits. Only few countries are known to have
Camel research institutes (Abri & Faye, 2019). Camels” products of high
value with global demand include its meat, milk, wool, and its natural
value as an ultimate beast of burden (Kadim et al., 2013).

Tables 1. shows a Comparison of the Antimicrobial effectiveness of
Camel Urine with known antimicrobial agents. In addition, Figures 1 and
2 are maps showing Camel population in Africa and Asia respectively.
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Figure 1: Camel population in Africa (Ali et al., 2019).
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Figure 2: Camel population in Asia (Ali et al., 2019).
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3. Chemical Composition of Camel Urine/Milk and Possible Ac-
tive Agents

The chemical composition of camel urine has been reported by Read
(1925) to contain organic nitrogen, ammonia, urea, creatinine, creatine,
hippuric acid and chloride (Read, 1925). Recently, more details about
camel urine composition using liquid chromatography-mass spectrom-
etry have been reported by Antakly (2012) (Antakly, 2012). This infor-
mation showed many metabolites in camel urine. Benzoic acid (BEN),
urea, creatinine, phenylacetate, citric acid and hippuric acid have been
reported as the major constituents in camel urine. The concentration of
these materials was matched with the amounts found in different cam-
els, elephant and rat urine. The amount of benzoate salt was greatest in
camel urine. To date, the fully characterized chemical composition of
camel urine, not yet reported.

In a neutron activation analysis carried out by Al-Attas (2009), it was
discovered that the milk and urine of camels have large amounts of Na
and K, which can help reverse the electrolyte imbalance in patients with
diarrhoea (Al-Attas, 2009). A large amount of Zn was also identified in
the sample; Zinc acts as a cure for diarrhoeal infections. A recent study
by Al-Yousef et al., (2012) stated that camel urine contains very slight
traces of urea and ammonia, and these molecules are known to be re-
sponsible for the bad smell and toxicity of urine. Also, it has mentioned
that camel urine contains approximately 10 folds more mineral salts than
human urine.

Camel urine is rich in many organic and inorganic compounds.
Palm Mid Fraction (PMF) and PM701 of camel urine possess different
nanoparticles, crystals and nano-rods with varying shapes and sizes.
PMF crystals contain various compounds such as calcium oxalate, cys-
tine, tyrosine, uric acid crystals, ammonium urate, calcium phosphate,
hippuric and benzoic acids as reported by Ahmed et al., (2015a) and
Ahmed et al., (2015b). El-Shahawy et al., (2010) detected the presence of
glycine, alanine, and arginine in PMF. It also contains several ions, but
Cs, Rb, K, Ca, Cd, Y, Eu, Th and Zn are present in relatively high con-
centration. Zinc is present in the form of ZnO and Ca, Cd & Y are in the
form of sulfates.
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4. Pharmacological and Physiological Basis of the Camel Urine
Therapy

Alhaidar et al., (2011) stated that camel urine is used for therapeutic
purposes most widely in Asia and Africa since these locations are the largest
camel habitats. The religious aspect of using camel urine stems from the fact
that there has been convincing evidence that Prophet Mohammed advised
its use in the treatment of a wide range of diseases. The traditional therapeu-
tic benefits of camel urine can be collectively considered as the treatment of
cancer and certain infectious and cardiovascular abnormalities. Alkhamees
and Alsanad (2017) reported that camel urine acquired these therapeutic
activities via the camel’s consumption of desert plants possessing various
active substances. Certain different desert plants have been shown to have
strong antibacterial and antifungal activity (Alkhamees & Alsanad, 2017).
Alkhamees and Alsanad (2017) stated that camel urine treating disease have
been tested in several different trials conducted over the years. According
to Muyldermans et al., (2009), many scientists believe that the therapeutic
effect of camel urine can be attributed to the gamma globulins and other im-
mune components, such as immunoglobulins, which are found in the urine.
The single antigen-binding domains (VHH) of these heavy-chain antibod-
ies, also known as nanobodies, could be used in the diagnosis and treatment
of cancer, as well as in the development of biosensors.

According to Abdel Galil and Abdulgader (2016), camel milk and
urine have been used as medicines in certain parts of the world since an-
cient times, but only recently have scientists shown interest in exploring the
claimed therapeutic benefits of camel products. Significant evidence, drawn
from laboratory and limited clinical studies, has shown that camel milk on
its own and occasionally mixed with camel urine is effective in the manage-
ment of diverse clinical conditions such as diabetes mellitus, cancer, food
allergy, autism, viral hepatitis and a host of other viral, bacterial and parasit-
ic infections. In addition, several potential benefits of camel milk and urine
on the cardiovascular system, particularly their antiplatelet and fibrinolytic
actions, have been demonstrated.

Abdel Galil and Abdulgader (2016) stated that recent studies from the
laboratory have shown that camel milk and urine possess potent cardio-
vascular actions. In separate in vitro experiments, it was shown that camel

376



MEDICAL SIGNIFICANCE OF CAMEL URINE: A REVIEW

urine has potent platelet blocking properties similar to the actions of the
widely used anti-platelet drugs, aspirin and clopidogrel. An earlier study
has shown that lactoferrin isolated from sheep and human lactoferrin in-
hibits thrombin-induced aggregation; however, we could not confirm this
observation using human lactoferrin. Our ongoing efforts are approaching
the identification of the probable dual-platelet inhibitor in camel urine.

Yagil and Berlyne (1976) stated that the pH of fresh camel urine range
from 8.2 to 9.2. This basic pH might be due to a high concentration of po-
tassium salts. Amazingly, it was very difficult to filter the fresh camel urine
through 0.22 or 0.45u nylon filters. In addition, camel urine was found not
miscible with acetonitrile, even after shaking or sonication. The liquid-lig-
uid extraction gave low and fluctuated percentage recoveries of targeted
materials. The glucuronides metabolites were enzymatically hydrolyzed
before the extraction. Antakly (2012) reported that the major polar com-
pounds were identified by liquid chromatography-mass spectrometry (LC-
MS) and GC-MS.

Al-Abdalall (2010) stated that camel urine has been proved to have a
potent antiplatelet activity against adenosine diphosphate induced and ara-
chidonic acid-induced platelet aggregation; neither human nor bovine urine
exhibited such properties as ascertained by Alhaidar et al., (2011) (Al-Abda-
lall, 2010; Alhaidar et al., 2011).

Camel urine is a rich source of natural by-products with no harmful
health effect on human. Compounds, such as ammonia and urea are known
to offer a bad smell and toxicity of urine in human and all other animals are
lacking or minimal in camel urine. Other distinguishing features of camel
urine include; about ten folds more mineral salts than human urine as ex-
plained by Alebie et al., (2017).

The action of urine on the morphological properties of some human
pathogenic bacteria was evaluated through electron microscopic studies by
Shoeib and Ba-hatheq (2008). Their results showed that the chemical and
organic constituents of urine have repression characteristics against the de-
velopment of bacteria and fungi. In 2007, Shoeib and Ba-hatheq observed
that there were no effects on deadly E. coli and P. aeruginosa bacterial cells
when treated with fresh urine using two steps (Shoeib & Ba-hatheq, 2008).

3
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Camel urine has been found to have in vitro antibacterial effects con-
cerning clinically important multidrug-resistant bacteria, as well as strong
antifungal effects against C. albicans and non-albicans Candida according to
recent research by Mostafa and Dwedar (2016).

Camel urine, despite being a waste product, is mostly used as a source
for many therapeutic agents. Drinking camel urine is shown to be effective
in treating numerous cancers in human as reported by Alhaidar etal., (2011).

A study conducted by Alebie et al., (2017) has shown that camel prod-
ucts could exert cytotoxic activity against cancer cells through different
mechanisms while inhibition of carcinogen-activating genes signalling
pathways is well understood in this regards.

Camel’s milk and urine are recognized to significantly inhibit the in-
duction of a cancer-activating gene (Cyplal) and to induce cancer protect-
ing genes (Nqol and Gstal) in several lines of cancer cells at the mRNA,
protein and activity levels. These products mediate CYP1A1 inhibition at
the experimental transcriptional level through AhR-dependent transcrip-
tional control as shown in Figure 3 below.

Source: Alebie et al., (2017).

Figure 3: Anticancer effect of camel’s milk and urine
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Anticancer effect of camel’s milk and urine (CM & CU). CM & CU
induce apoptosis in various cancer cells through the extrinsic pathway
by enhancing DR4 expression and ROS production, causing activation
of JNK and caspases and intrinsic pathways mainly by enhancing ROS
production that leads to activation of caspases. Inhibit carcinogenesis
by down-regulating the induction of Cyplal, cancer activating gene,
and inducing Nqol and Gstal, cancer-protecting genes. Inhibit cell cy-
cle progression, proliferation and survival of cancer cells by interfering
with the binding of insulin-like growth factor receptor, a known regu-
lator of the phosphatidylinositol 3-kinase pathway as well as activation
of caspases, causing an increase in cyclin-dependent kinase (CDK) in-
hibitor p21 and p27 protein levels. Activation by CM (green), CU (yel-
low), CM & CU (red); inhibition by CM (green), CU (yellow), CM & CU
(red); T increase, | decrease.

Langmead and Rampton (2001) found that the information relat-
ing to the possible effects of alternative and complementary medicine
is historical. Although there are very few controlled trials proving the
beneficial effects of such practice in any disease, over 30% of the West-
ern population now use some form of complementary and alternative
medicine. The single most commonly used modality in most Western
surveys is herbal therapy.

Accordingly, numerous camel urine compounds have been also
used for such applications. Notably, multifunctional zinc oxide (ZnO)
is used in various forms such as NPs or nanorods for biomedical ap-
plications including biosensing, imaging, drug delivery, and clinical
implants (De Berardis et al., 2010, Huang et al., 2010 and Hanley et al.,
2008). The additive or synergistic effects of ZnO NPs with anti-cancer
compounds (or drugs) was found to upregulate induction of apoptosis
in cancer cells (Yuan et al., 2014). Hippuric acid nanocomposite (HAN)
(a preparation from hippuric acid (HA) and ZnO) combination with
doxorubicin and/or with oxaliplatin induce suppression of cell prolif-
eration and exhibit supreme cytotoxicity in several cancer cell lines as
compared to individual effects. Importantly, the nanocomposite entails
the drugs reaching the tumour cell membrane without early decompo-
sition and the intercalation reaction enhances the permeability of the
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drug into the target cell without any noticeable side effects (Hussein
et al., 2013 and Choy et al., 2004). Figures 4 and 5 show EI-MS spectra
of characterized compounds found in the extract of enzymatically hy-
drolyzed Camel urine and: EI-MS spectra of minor acidic and phenolic
compounds found in the extract of enzymatically hydrolyzed Camel
urine respectively.
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Figure 4: EI-MS spectra of characterized compounds found in the extract of en-
zymatically hydrolyzed Camel urine including; phenol (a), p-cresol (b), salicylic acid
(c), cinnamic acid (d), azelaic acid (e) and enterolactone (f) (Adapted from Khorshid

and Faten, 2016).
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Figure 5: EI-MS spectra of minor acidic and phenolic compounds found in the
extract of enzymatically hydrolyzed Camel urine (Adapted from Khedr & Khorshid,

2016).

5. The Possible Therapeutic Candidates in Camel Milk

Camel milk is rich in vitamin C and protective proteins such as lac-
toferrin, lactoperoxidase, immunoglobulins and lysozyme. Camel milk
lacks f-lactoglobulin and used as an option for individuals intolerant
to lactose in cow’s milk. Therefore, camel milk is extraordinary in terms
of antioxidative agents, antibacterial, antiviral, antifungal, anti-hepatitis,
anti-arthritis, treatment for paratuberculosis, preventing ageing, remedy
for autoimmune diseases and cosmetics.
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Lactoferrin: Lactoferrin-rich camel milk has potent antimicrobial and
anti-inflammatory properties, including bacterial inhibition, antiviral ef-
fects, antifungal effects, immune supportive and immunomodulatory
functions, lymphocyte (antioxidant and anti-inflammatory) maturation
and function, and anti-cancer actions (Kanwar et al., 2015). To the best of
our knowledge, the structure of camel lactoferrin has not been fully eluci-
dated and deposited on any database.

Globulins: Gamma globulins and other immune components, includ-
ing immunoglobulins, present in the two products could also be related
to the medicinal properties of both camel milk and urine. (Alhaider et
al., 2013). Half of camel blood’s circulating antibodies comprise only two
heavy chains and no light chains. (Hamers-Casterman et al., 1993). These
antibodies can quickly pass into the milk of the lactating camel because of
their decreased size, one-tenth the size of human antibodies can pass the
blood-brain barrier can be diluted in urine, and are readily absorbed from
the gut into the general circulation of camel milk and/or urine consumers.
Moreover, in cancer diagnosis and therapy and biosensor development,
the single antigen-binding domains of these heavy-chain antibodies, also
known as nanobodies, may have applications (Muyldermans et al., 2009).

6. Anti-Diabetic Action of Camel Milk

Diabetes mellitus (DM) is characterized by abnormally high blood glu-
cose levels, resulting from low insulin secretion and/or increased insulin
resistance (Ferrannini, 1998). Because of their strong association with the
risk of cerebrovascular and cardiovascular disorders, which have been re-
corded in 68 per cent of diabetes-related deaths among patients aged 65
years or older, DM and its complications have become a key subject of con-
cern for researchers worldwide (Eriksson et al., 2012). Currently, the man-
agement of DM remains a great challenge for physicians to contend with.
In addition to the traditional diet, insulin, oral hypoglycemic medications,
and exercise diabetes treatment methods, diabetes has also gained attention
because of the current broad interest in alternative treatments for chronic
incurable diseases. There is growing evidence in this regard that the intake
of camel milk (CM) is effective in regulating DM in both humans (Agraw-
al et al., 2011) and laboratory animals (Sboui et al., 2010). Overwhelming
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support for this idea comes from camel breeders in India who regularly
consume CM and have zero occurrences of DM compared to 5.5% in oth-
er societies where CM is not consumed (Agrawal et al., 2007). Additional
support comes from the more recent finding that Type I diabetic patients’
intake of CM resulted in an (Alhaider et al., 2014) per cent reduction in dai-
ly insulin requirements, with substantial reductions in both blood glucose
and micro-albuminuria levels (Agrawal et al., 2011). The peculiar composi-
tion of CM, which is rich in insulin, insulin-like proteins (Malik et al., 2012),
minerals, immunoglobulins (Alhaider et al., 2013) and trace elements with
anti-inflammatory properties, can be attributed to these advantages in part.
Moreover, CM includes antioxidants and free radical scavengers (Korish
et al., 2015). In addition, camel insulin has distinctive features that differ-
entiate it from human and other animal insulin and, when administered
orally, make it more effective. Unlike insulin found in other animal and
human kinds of milk, camel insulin is stored within micelles and is thus
protected in the upper gastrointestinal tract from digestion and proteoly-
sis; camel insulin has also been suggested to be enveloped in nanoparticles
that facilitate its absorption and easy passage to the bloodstream (Malik et
al., 2012). It is also possible that CM’s antioxidant activity prevents met-
abolic syndrome symptoms, including hyperglycaemia, hyperlipidaemia,
and insulin resistance. In essence, this will prevent the pathophysiological
mechanisms that underlie DM’s microvascular complications, including
retinopathy, nephropathy, or cardiovascular complications that increase
the disease’s mortality and morbidity (Agrawal et al., 2011). The above re-
sults give strong support to the beneficial role of CM in DM management
as a dietary supplement and therapeutic adjuvant.

7. Challenges in the Use of Camel Urine as Alternative Medicine

Undoubtedly, the medical benefits embedded in the use of camel urine
cannot be overemphasized despite its low level of awareness in many parts
of the world and the lack of authorization for its usage by governmental
and non-governmental health regulatory authorities both locally and inter-
nationally. Challenges in camel urine research are numerous. To be recog-
nized as a potent medical concern, a long list of medical, psychological and
religious hurdles need to be crossed. The authors of this review came up

3
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with the following as challenges militating the recognition and acceptance
of camel urine by health authorities.

i.  Safety and Clinical Trials: The authorization of a drug translates
into a successful clinical trial. The authors of this review had explained the
numerous medicinal benefits of camel urine. It is worthy of note that all re-
searches mentioned were an independent study conducted by researchers
in academia. Unfortunately, the detection of MERS (Middle East Respirato-
ry Syndrome) in camels in the Middle East shifted global attention towards
the adverse effect of camel urine and milk. According to WHO, MERS that
threatens humans can also be found in camels, hence, urging people to stay
away from camel milk and urine (WHO, 2015). This truncated the work of
intending researchers on the medicinal potential of camel urine coupled
with embargo placed by nations on camel products to arrest any possibility
of an epidemic from a zoonotic route.

The efficacy of camel urine has been reported by patients worldwide
who believed in its medicinal benefits. The patients took camel urine with-
out prescription by a certified medical practitioner and attested to its mirac-
ulous healing ability. The issue of safety and side effects are unknown since
clinical trials are majorly concerned with efficacy, safety and presence or
absence of side effects. Furthermore, there is no medical dosage approved
for camel urine. This challenge will pose a danger to the physiological role
of the camel urine when consumed. There is a need for an acceptable dos-
age to validate its efficacy.

ii.  Availability: Camel population are found in a certain region of the
world (most especially desert areas) unlike other domesticated animals.
From the statistics in Fig. 1 and 2 above, it is clear that camels are very
much available in two continents of the world, unlike others. This acts as
an impediment towards the all-year-round availability in non-camel popu-
lated areas of the world. Camel urine is frequently transported into neigh-
bouring countries making it available to consumers. However, the effects
of changing weather condition from a desert to a non-desert area on the
physical and chemical potency of camel urine are unknown. No researches
have been conducted on this issue to date. In addition, more studies need
to be conducted on the effect of changing weather on the preservation of
camel urine.
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iii. Hypersensitivity: The consumption of raw camel urine is a hercu-
lean task considering the warm piss taste and disgusting smell. It is even
worse when mixed with raw camel milk as it is the traditional practice.
There is difficulty in getting rid of the musk after taste that overtakes the
mouth of the consumer. This is a mitigating factor that prevents many peo-
ple from consuming camel urine.

Camel urine is characterized by a choky smell and a burning sensation
when taken for the first time or on an empty stomach. Some individuals
with an allergy to choky materials may find it difficult to consume. In the
same vein, individuals with digestive allergy may feel irritated due to the
burning sensation associated with its consumption.

iv.  Religious Belief: Camel urine consumption is common amongst
Muslims. The Holy Prophet of Islam, Muhammad (Peace be on Him) in his
reported sayings emphasized the medical significance of camel urine and
ordered its consumption for internal medical related problems. This had
been an age-long tradition amongst the Arabs and Non-Arabs inhabitants
of the Middle East region of the world with success stories. Presently, a
camel research institute exists in the Kingdom of Saudi Arabia. It is worth
mentioning that individual religious inclination may affect the public ac-
ceptance and certification of its consumption by individuals and health
regulatory authorities respectively.

Conclusion and Potential Possibilities

Interestingly, urine therapy has found to a commonplace in traditional
medicine. Camel milk as well may similarly serve not only as a source of
nutrients but also as a source of biologically active compounds with me-
dicinal potentials. The latest scientific evidence for the therapeutic activi-
ty of camel milk and urine continues to unfold and attempts are ongoing
to classify the medicinal constituents more accurately. As preventive and
curative agents in humans, camel milk and urine warrant further studies.
These are required, despite the reported results, to investigate the precise
mechanisms of the therapeutic effects of camel milk and urine, as well as
the active compounds responsible for a particular therapeutic action. Uro-
kinase, for example, is a thrombolytic agent that can be isolated from (hu-
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man) urine. Premarin, a hormone therapy drug, contains estrogens derived
from the urine of pregnant mares (Briigger, 2019). Purified camel milk lac-
toferrin has also been shown to have an important inhibitory effect on HCV
(genotype4) entry via direct interaction with viral molecules (Redwan and
Tabll, 2007). Similarly, the bioactive elements of camel urine and milk that
are responsible for the well-known medicinal effects can be chemically syn-
thesized and tested in clinical trials. Thus, we encourage scientists world-
wide to help elucidate the bioactive components of camel milk and urine
through advanced research and then develop affordable, safe, and potent
drugs against actual diseases from this source that has proven to be a trea-
sure trove for researchers.
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