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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are often measured in the atmosphere for air grade valuation, and sea creatures for
environmental monitoring, in residue and for safety cases in food materials, in biological tissues for health-effects monitoring. In this
study, Polycyclic aromatic hydrocarbon (PAH) concentrations in algae of Ulva rigida species, as an environmental indicator, in the
spring of 2019 were collected from eigh station in Giresun costline in May. In general, algae samples are extracted by methanol solutions
with Soxhlet apparatus. By applying the necessary purification processes to the obtained solution, the concentrations of 16 PAH
components were determined with the GC/MS device. The amount of most of the 16 PAH compounds in the Kesap coast algae samples
was the highest. The highest amount compounds are found to phenanthrene, fluorene and anthracene, and it is high in Bulancak, Giresun-
Central and Kesap sites. It belongs to seaweed samples collected from Piraziz site, which has the lowest values among eight stations. The
PAH compound concentration is determined 0.08-340.96 ppb values. In the spring sampling, the lowest value is Espiye and Tirebolu
stations with Benzo[a]pyrene compound and the highest value is Kesap station with Phenanthrene compound. Since the benzo
[g,h,i]perylene is lower than the detection levels in many stations. The main origins of PAHs were found as both pyrolytic and petrogenic

at most stations.

Keywords: Algae, Polycyclic aromatic hydrocarbon, GC/MS, Eastern Black Sea

1. Introduction

PAH compounds are a family of many toxic compounds
are mutagenic and carcinogenic potential. They are known
that environmental pollution with two or more fused
aromatic rings. PAH compounds are organic pollutants
that are mixed into water, air and soil with industrial waste
discharge, atmospheric particles and fossil fuels pouring
into the water environment. (Kafouris et al. 2020; Lampa
et al. 2018; Tongo et al. 2017).

PAH compounds consist of two sources: first of all,
sustained sources such as domestic heating, aluminum and
iron-steel industry, oil refinery, power and heat generation
and mobile sources such as exhaust gases or aromatic
hydrocarbons named pyrogenic-pyrolytic occur during
forest fires origin. The other arises from fixed sources
refinery facilities during petrogenic sources oil
transportation. This is caused by ship accidents and oil
transportation in areas with much ship traffic (Clark 1997,
UNEP/IOC/IAEA 1982).

There is a significant accumulation of Polycyclic Aromatic
Hydrocarbon (PAH) in the Black Sea because of the
spillage or leakage of waste fuel burned by vehicles such

© EJBCS. All rights reserved.

as ships and tankers passing through the Black Sea, rivers
exposure to discharge waters and flowing into the Black
Sea. The entry of PAH compounds into seawater is linked
to coastal sea waters, rivers, streams, and by waters
(Gtiven et al. 2009).

Because of the low solubility in water, PAH compounds
accumulates in the sediment at the bottom of the water.
Due to the fact that sea creatures such as crab, lobster,
shrimp, mussel, many fish species and algae that are
buried in the sea bottom, are fed by filtering into their
bodies, they accumulate PAH compounds in their tissues
over time (Nwaichi and Ntorgbo 2016; Ololade et al. 2017;
Yang et al. 2013; Zhang et al. 2015). Among these sea
creatures, seaweed enters the body of people with food
chain because its consumption as a foodstuff by many
cultures. Since PAH compounds have toxic, carcinogenic
and mutagenic properties. They cause many diseases such
as lung, skin, bladder cancer in humans (Racovita et al.
2020). One of the best defined founded on their genotoxic
and carcinogenic properties and most toxic of 16 species
PAH is benzo(a) pyrene, which is generally used as the
indicator of PAHs (Albuquerque et al. 2016). The
International Agency for Research on Cancer has
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categorized benzo[a] pyrene into group 1, showing that it
is “carcinogenic to humans”; dibenz [a,h] anthracene is in
group 2A, displaying it is “probably carcinogenic to
humans”(Honda et al. 2021).

The interest in macroalgae is increasing because they are
generally used as food approximately 160 species in island
countries and the Far East countires especially China,
Japan and Korea. Since macroalgae are considered to be an
excellent source of protein, it is expected that macroalgae
will replace animal and vegetable protein sources in time
to meet protein needs. They contains of high quality
proteins as riboflavin and niacin, lipids and water-soluble
fiber and are abundant in minerals and vitamin needed for
human nutrition (Algay et al. 2017; Qverland et al. 2019).

Green macroalgae species, especially Ulva or sea lettuce
species such as Ulva rigida and Ulva lactuca, compose of
major primary producers of marine ecosystems (Maghraby
and Hassan 2021; Neckev et al. 2002; Rosioru et al. 2018).
They are f ound in the rocky parts of shallow waters and
this type of algae has leaves that look like thin plates. It
grows naturally on the Black Sea coasts and the Bosphorus
(Akyurt et al. 2011, Turna and Uzunkoprii 2015). These
Ulva species are dried into powder and added to fast food
foods in Scandinavia, Great Britain, Ireland, China, Japan
and Korea. Antioxidant polysaccharides called “ulvans”
are obtained from sea lettuce species.

Due to it grows very much between 0-3 meters deep,
prevalence in the marine ecosystem, high absorption
capacity to the environment and accessible species and
easy to collect algae material, it is widely preferred in
enviromental studies as biomonitors and bioindicators of
potential hazards in marine environments (Cheney et al.
2014; Pavoni et al. 2003; Zeroual et al. 2020).

Also, algae are highly preferred bioindicators for the
detection of different types of pollution in aquatic
environments. In many countries, various seaweed species
is chosen as a bioindicator for the detection of soil, water
and other environment pollutions because it accumulates
PAH compounds, which are organic pollutants in the
water, and are widely available (Kaur et al. 2020; Li et al.
2021; Namiesnik et al. 2012; Wang and Zhao 2007).

There are studies in which many samples generally air,
water, sediment, sea creatures and algae are used for PAH
measurements in Turkey and world. In previous works,
while air, water, sediment, marine organism were preferred
more in PAH studies, on seaweeds were more limited in
Turkey(Ayyildiz and Esen 2020; Balcioglu et al. 2017;
Eleren and Yiicel 2021; Kogak 2021).

In this paper we report results on the ability of Ulva
species seaweed to accumulate polycyclic aromatic
hydrocarbons (PAHs). In fact, Ulva species especially
Ulva rigida species are ubiquitous in the Black Sea region
as well as other seas and brackish coastal ecosystems. Ulva
rigida is an one of dominant algae species. To the best of
our knowledge, there are no previous reports on
determination of PAH in Ulva species in East Black Sea
Region.
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2. Materials and Method

The samples were collected from 8 different stations
around Giresun central and district in 2019 at 1-2m depth
by diving during the spring seasons. Stations 1 and 8 are
far to the port of Giresun. Station are 1. Piraziz, 2.
Bulancak, 3. Giresun Central, 4. Kesap , 5. Espiye-Opet, 6.
Tirebolu, 7. Gorele and 8. Eynesil station. The 1st station
is near the airport Ordu site, and the 8th station is near
Trabzon, and the stations are oriented in the east-west
direction of Giresun. All coordinations are given Table 1.
All samples were brought to the laboratory under cold
chain and in polyethylene bottle. The collected samples
were washed in seawater and kept in 0-4 'C until analysis.
However, the physicochemical parameters of seawater at
the time the sample was collected are shown in Table 2.

The algaes were authenticated immediately after

collection. The green seaweed and image microscope are
shown in Figure 1 and Figure 2.

Figure 1. Green seaweed (Ulva rigida) collected from
Giresun, Turkey.

Figure 2. Screen microscopy of cross sections of cell
layers
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In this study, 16 PAH components which are in the priority
contaminants list of the United States Environmental
Protection Agency (US-EPA 610) were designated.
Investigated PAHs are listed as naphthalene (NAP),
acenaphthylene (ACL), fluorene (FL), acenaphthene (AC),
phenanthrene (PHE), anthracene (AN), fluoranthene (FA),
pyrene (PY), chrysene (CHR), benzo(a) anthracene (BaA),
benzo(b) fluoranthene (B[b]JFA), benzo[k] fluoranthene
(B[k]FA), benzo(a) pyrene (BaP), dibenz-(a,h) anthracene
(DBahA), indeno (1,2,3-cd) pyrene (IP), benzo(g,h,i)
perylene (BghiP) in Table 2 (EPA 2009).

In general, the amount of seaweed samples to be tested
was weighed around 15-20 g, placed in the Soxhlet
cartridge, the cartridge was placed in the Soxhlet apparatus
and 250 mL of HPLC grade methanol was added into the
flask and extracted with Soxhlet for 12 hours. At the end
of the period, 0.7 M KOH 20 mL and 30 mL distilled
water were added to the solution, and the mixture was
refluxed for 2 hours. The resulting solution was combined
with n-hexane extracts 3 times (90 mL in 1st, 2nd and 3rd
50 mL hexane) and its volume was reduced to 5 mL in the
evaporator. Purification was done through silica column.
The first components from the hexane-conditioned column
were aliphatic hydrocarbons, the later fractions were
combined to consist of PAHs. PAH solutions in hexane
were stored in a refrigerator to be given to the GC/MS
device.

2.1. Chemicals

For the preparation of seaweed samples, potassium
hydroxide, dichloromethane, methanol, anhydrous sodium
sulfate, HPLC grade n-hexane were purchased from
Sigma-Aldrich. PAH standards: naphthalene, fluoranthene,
and phenanthrene, fluorene, pyrene from Supelco Sigma —
Aldrich as PAH Calibration Mix was obtained from
TraceCERT. Florisil 60 with 60-100 mesh size was
obtained from Sigma-Aldirch.

2.2 PAH analysis-GC/MS

GC analysis is the Agilent 7890A-(5975C inert MSD)
model. Gas chromatography conditions are; HP-5MS 5%
Phenyl Methyl Silox column, GC furnace was equipped
with an RTX5M 30 m capillary column (0.25 mm ID, 0.25
pm film thickness) with carrier gas helium at 1.5 mL min-
1 flow rate. The analysis start temperature is 55 °C(1 min),
the mold will reach 320 °C (16.6 min) at 5 °C/min. The
final temperature was 320 °C and the analysis was
terminated by staying at the same temperature for 1
minute. As the carrier gas (1.5 mL / min), the temperature
of the injector and detector are 290 °C and 320 °C,
respectively. Scan mode (70-300 m/z) is used for mass
intake (Bates et al. 2008).

0.5, 1, 2 and 4 ppb (ng/kg ) of the standard solution used in
the PAH analysis were prepared by dissolving the stock
solutions in hexane. Solutions were enjected in the GC-MS
instrument and a chromatogram of the PAH components
was generated by extracting the calibration curve.
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3. Results

The lowest detected value, 0.08 ppb, was measured as
benzo[a] pyrene compound in seaweed samples at Espiye
and Tirebolu stations in the spring sampling. The highest
value of 340.96 ppb is the concentration of phenanthrene
(PHE) compound at the Kesap station in the spring
sampling. The high values of all 16 PAH compounds were
determined in Kesap station. It can be said that the
amounts of  especially  phenanthrene, fluorene,
benzoanthracene, anthracene, dibenzoanthracene, chrysene
compounds are quite high. These concentraitons of PAH
compounds are given in Table 3.

The amount of fluorene, phenanthrene and antresen are the
highest compounds, and they are high concentrations in
Bulancak, Giresun Central and Kesap. It belongs to the
seaweed samples collected from the Piraziz site, which has
the lowest values among 8 stations. Benzo [g,h,i] perylene
could not be found since the detection values were lower
than the level in many stations.

Some evaluations are made to understand whether the
source of PAH is pyrolytic or petrogenic.

- Fluoranthene(FA) and pyrene(PY) compounds are PAH
compounds of pyrogenic origin, and if their ratio
(FA/PY>1) is greater than 1, they are thought to be PAH
compounds from pyrolytic sources (Soclo et al. 2000).

- If the ratio of phenanthrene(PHE) and anthracene(AN) is
lower than 10, it can be said to be from pyrolytic deposits,
if it is greater than 15(PHE/AN>15), it can be said to be
from petrogenic originated deposits (Soclo 1986).

- In some cases, it can be said that there is petrogenic
pollution if the ratio of fluoranthene/pyrene (FA/PY), to
the phenanthrene/anthracene(PHE/AN) value is less than
2(<2), if the pyrolytic is greater than 2(>2) (Sicre et al.
1987).

- Another PAH pollution source determination ratio is
Benzo(a)antrecene and chrycene (BaA/CHR) ,formed as a
result of low-temperature combustion, component ratios. If
these components are higher than 0.9, it showed that
petrogenic pollution (Gschwend and Hites 1981).

According to the results of algae samples on the
concentrations of 16 PAH components in this study;

- When evaluated according to the ratios of
floranthene/pyrene (PHE/AN) and
benzo(a)anthracene/chrycene  (BaA/CHR) in  spring

sampling; Among the 8 stations, the PHE/AN ratio was
found to be 17 only in the Piraziz station.
According to this result, it was determined that the type of
pollution was caused by petrogenic sources and the
pollution in other stations was PAH pollution originating
from pyrolytic.
= Sampling stations coordinates as shown in Table 1.
=  Spring sampling physicochemical measurements as
shown in Table 2.
= Seaweed samples PAH values on spring season
(ppb) was shown in Table 3.
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Table 1 Sampling stations coordinates

Eurasian J Bio Chem Sci, 4(2):30-36, 2021

Stations Coordinates Stations Coordinates
1
Piraziz 40°70° 56 N 5 Espiye-Opet 40°71° 00 N
38°33°50” E 38° 5507 E
2
Bulancak 40° 14> 64 N 6 Tirebolu 41°84° 05 N
38°35° 11 E 38°81’ 12 E
3
Giresun Central 40° 51’ 98 N 7 Gorele 41°48 40” N
38° 85’99 E 39° 36’ 60’ E
4
Kesap 40°46° 70’ N 8 Eynesil 41°02° 10’ N
38°66° 28 E 39° 53’60 E
Table 2. Spring sampling physicochemical measurements
1 2 3 4 5 6 7 8
Temperature 16,6 19,1 17,8 19,3 15,7 16,7 16,4 16,8
pH 7,81 8,05 7,66 7,7 8,52 7,85 7,7 7,52
% 02 113,7 107,4 107 105,3 103,6 110,3 103,5 93,4
mg/L 02 10,83 9,73 9,93 9,53 10,5 10,46 9,85 8,78
Conductivity 22272 11702 21043 18723 2921 15931 18983 14476
Superconductivity 26523 13168 24680 21038 3519 19065 22742 17179
Salinity 16,2 7,6 15,1 12,6 11,9 11,3 13,8 10,2
ORP -49 -59 -33 -31 -79 -47 -44 -23
TDS(mg/L) 17223 8578 16077 13367 2245 12374 14866 11150

Naphthalene, anthracene and phenanthrene is fossil fuel
sourced. These compounds are formed as a result of coal
combustion, pyrolysis of petroleum and incomplete
combustion of organic compounds (Yalaki 2005).
Naphthalene is one of the dangerous atmospheric
pollutants. In our study, naphthalene levels were found to
be higher at Bulancak, Kesap, Gorele and Eynesil stations,
where traffic density and industry are more intense,
compared to other stations.

4. Discussion

In the literature, there are studies about the concentration
determination of PAH compounds in seaweed samples in
different seas of the world. However, the use of algae in
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the seas in PAH study in Turkey has remained fairly
limited. In this study, EPA 16 PAH compound
concentrations were determined in seaweed samples
collected from a total of § stations along the Black Sea
Giresun-Ordu coast and the pollutant types were
determined with some parameters.

Algaes are widely used specimens in environmental
studies in many countries around of the world. In addition,
some types of algae are used as foodstuffs in many eastern
countries. The human body obtains higher levels of PAH
compounds from food than from atmospheric air or
drinking water (Barranco et al. 2003).
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Table 3. Seaweed samples PAH values on spring season(ppb)

Eurasian J Bio Chem Sci, 4(2):30-36, 2021

1 2 3 4 5 6 7 8
Naphthalene (NAP) 7.58 35.56 6.00 32.23 10.36 9.83 34.95 49.80
Acenaphthylene ACL) 0.24 291 5.88 14.42 0.98 0.84 0.85 1.17
Acenaphthene (AC) 4.97 12.34 3.09 44.23 1.21 1.10 7.54 18.29
Fluorene (FL) 0.82 9.16 7.13 187.67 2.78 2.00 1.77 2.63
Phenanthrene (PHE) 6.09 164.79 100.20 340.96 33.07 20.78 11.37 21.77
Anthracene (AN) 0.35 66.52 40.45 137.64 13.35 8.39 4.59 8.79
Fluoranthene (FA) 0.34 12.16 11.69 39.54 2.70 3.35 2.45 4.58
Pyrene (PY) 0.23 3.67 8.02 9.72 1.25 1.47 1.67 1.81
Benzo[a]anthrecene 1.28 0.71 5.31 142.31 0.99 1.77 1.81 1.09
(BaA)
Chrysene (CHR) 0.49 0.27 2.04 54.57 0.38 0.68 0.70 0.42
Benzo[b]fluoranthene  0.95 1.41 5.19 12.99 0.88 2.32 0.94 0.95
(B[bJFA)
Benzo[k]fluoranthene  0.48 0.71 2.62 6.55 0.44 1.17 0.48 0.48
(B8K)FA)
Benzo[a]pyrene (BaP)  0.32 0.11 2.10 16.04 0.08 0.08 0.60 0.13
Dibenz[a,h]anthrecene  0.46 2.70 7.83 87.50 1.82 1.18 0.64 0.70
(DBahA)
Indeno[1,2,3- 0.18 0.23 1.72 14.39 0.46 0.80 3.41 0.63
cd]pyrene(IP)
Benzo[g,h,i]perylene 0.76 2.38 N.D. N.D. N.D. N.D. 0.63 N.D.
(BghiP)

The most important of these PAH compounds is
benzopyrene (BaP). It is formed as a result of the
combustion of automobile and other vehicle fuel types and
reaches the atmosphere. This compound, which has a high
carcinogenic effect, then reaches the land, drinking waters,
and the sea, along with the precipitation, and enters with
the organism. Considering the amounts of this compound,
it was found as 0.08 ppb at most stations, while it was
measured as 16.04 ppb at the Kesap station. The station
with the highest PAH compounds analyzed in this study
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was found to be the Kesap station with a concentration of
Phenanthrene compound of 340.96 ppb. The lowest
concentration was analyzed as benzo [a] pyrene compound
with 0.08 ppb at Espiye and Tirebolu stations.

High molecular weight compounds such as pyrene,
fluorantene, phenanthrene, chrysene are more stable and
are formed as a result of burning fossil fuels under high
temperatures. The ratio of fluorantene and pyrene is used
to determine the type of pollution. In most stations, along
with other ratings; The ratio of these two compounds is
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greater than 1 (FA/PY>1), that is, it can be said that they
are pyrolytic pollution. Also, determination of phenantren
(PHE), pyrene (PY) and benzo(a)anthracene (BaA),
acenaphthylene (ACL), acenaphthene (AC) and chrysene
(CHR) components indicates that Kesap station has been
exposed to continual pollution.

Giiven et al. (2009), found higher PAH amounts in the
samples from the eastern black sea region than the samples
collected from the western and central Black Sea regions
in their study to determine the level of oil pollution on
mussels, snails and algae collected from the Black Sea
coast. It can be said that especially PAH measure in port
samples are more polluted.

In other study by Okay et al. (2000), they were studided
that the accumulation in mussels algae-fed exposed to the
common PAH benzopyrene pollutant. They found that the
benzopyrene ratio in tissue of mussel samples fedding with
algae was quite high. BaP can be say to be a contaminant
whose presence and toxicity be passed through the food
chain. In this study; benzopyrene ratio is found to
generally low level except for Kesap station. The Kesap
station is also important for the food chain of sea creatures
that feed on algae and for the health of people.

Karacik et al. (2009), were determined PAH amount and
PAH’s effects on marine organism in Istanbul strait. They
identified 16 PAHs and calculated to assess the origins of
PAHs (PHE/AN, FA/PYR and CRY/BaA) in samples., the
Amounts of PHE, FA, PY, BaA, AN compounds were
found to be high in the polluted stations similar to our
study.

Another study Balcioglu et al. (2017) were found to
similar PAH value in mussel samples in Mediterranean.
The important contributors to PAH concentrations were
chrysene, fluoranthene and benzo(a)pyrene (BaP) were
determined in mussels. In this respect, it is similar to this
study, chyresene and fluoranthene in Kesap station higher
than other stations. Although some stations exposed to
shipping activity was found to petrogenic origins related to
instant traffic contamination.

Fogaca et al. (2018) were studied PAH determination in
Ulva sp. species algae and shrimp. The highest value
acenaphthene (49.11 + 5.19), fluorene (1.78 + 0.92) and
naphthalene (0.96+ 0.29) was identified by high-perfor-
mance liquid chromatography. According to results of this
study; acenaphthene (44.23), fluorene (187.67) and
naphthalene  (32.23) were found highest PAH
concentrations in algae.

5. Conclusion

In recent years, interest in determination of PAHs in
environmental samples stems from possible adverse health
effects of PAHs. The present study revealed the EPA 16
PAH compound in seaweed samples collected from
Giresun coastline for the first time. This study will provide
a resource for future studies on PAH pollution in the
Eastern Black Sea region.
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Ozet: Tekstil iiriinlerine olan talebin her gecen giin artmast ile tekstil endiistrileri ve buna paralel olarak tekstil endiistrisi atiksulari hizla
artarak diinyadaki en 6nemli endiistriyel kaynakl atiksulardan birini olusturmaktadir. Tekstil endiistrisi atiksularinda karsilasilan en biiyiik
problem atiksularin yiiksek miktarlarda boyar madde igermesidir. Boyama siirecinde elyafa yapismadan atik suya karisan boyalar
aritilmadan alic1 ortama verildiklerinde renk olusturmakta, estetik goriiniimii bozmakta ve suyun 151k gecirgenligini azaltarak fotosentezi

olumsuz yonde etkilemektedir. Bu nedenle bu atiksularin aritilmalari daha da 6nemli hale gelmistir.

Bu ¢alismada Ti/IrO2 karigik metaloksit elektrotlarla Reaktif Orange 16 (RO16) boyarmaddesinin elektrokimyasal oksidasyon yontemi ile
renk giderimine destek elektrolit tiir ve derisiminin katkis1 aragtirilmigtir. Destek elektrolit olarak Na2SO4, NaNOsz ve NaCl kullanilmistir.
Akim yogunlugu, akis hizi, pH, baslangig kirlilik derisimleri gibi parametreler belirlendikten sonra destek elektrolitlerin ortamdaki varlig
degerlendirilerek en uygun elektrolit tiiriine karar verilmistir.

Baslangig kirlilik derisiminin 30 mg/L oldugu model ¢alisma ¢6zeltisinin Na2SOs elektroliti ile elektrokimyasal oksidasyonunda 50 A/m?
akim yogunlugu, 155,84 mL/dk akis hizi, pH11 ve 0,01 M elektrolit varliginda 90 dk’lik bir aritim siiresi sonunda %65 renk giderim verimi
ve 1,7454 kwh/m® enerji tiiketimi elde edilmistir. Baslangic kirlilik derisiminin 30 mg/L oldugu model ¢alisma ¢ozeltisinin NaNO3
elektroliti ile elektrokimyasal oksidasyonunda 50 A/m? akim yogunlugu, 155,84 mL/dk akis hizi, pHo(5,94) ve 0,01 M elektrolit varliginda
90 dk’Iik bir aritim siiresi sonunda %51 renk giderim verimi ve 2,0534 kwh/m?® enerji tiiketimi elde edilmistir. Baslangic kirlilik derisiminin
30 mg/L oldugu model ¢aligma ¢dzeltisinin NaCl elektroliti ile elektrokimyasal oksidasyonunda 50 A/m? akim yogunlugu, 155,84 mL/dk
akis hiz1, pHo(5,71) ve 0,05 M elektrolit varliginda 20 dk’lik bir aritim siiresi sonunda ~%100 renk giderim verimi ve 0,6557 kwh/m? enerji
tiiketimi elde edilmistir.

Anahtar Kelimeler: Elektrokimyasal oksidasyon, boyarmadde, destek elektrolit, Ti/IrO elektrot

The effect of support electrolytes to the removal of Reactive Orange 16 (RO16) dyestuff by Ti/lrO2
mixed metalloxide electrodes with electrochemical oxidation method

Abstract: With the ever-increasing demand to textile products, the textile industries and the textile industry wastewater increases rapidly,
making it one of the most important industrial source wastewater in the world. The biggest problem encountered in textile industry
wastewater is that wastewater contains high amounts of dyestuff. The paints mixed with waste water without sticking to the fiber during
the dyeing process create color when they are applied to the receiving environment without being purified, disrupt the aesthetic appearance
and negatively affect the photosynthesis by reducing the light transmittance of the water. Therefore, the treatment of these wastewater has
become even more important.

In this study, the effect of support electrolytes was investigated the to the color removal of Reactive Orange 16 (RO16) dyestuffs by Ti/IrO2
mixed metalloxide coated electrodes with electrochemical oxidation method. Na2SOs, NaNOz and NaCl as support electrolytes were
evaluated amount and contents. After determining the parameters such as current density, flow rate, pH and initial pollution concentrations,
the most suitable electrolyte type was determined by evaluating the presence of the supporting electrolytes in the environment.

In the presence of 50 A/m? current density, 155.84 mL/min flow rate, pH11 and 0.01 M Na2SOs electrolyte in the electrochemical oxidation
of the model working solution with the initial pollution concentration of 30 mg/L after a 90 minute treatment period, 65% color removal
efficiency and 1,7454 kwh/m® energy consumption was obtained. In the presence of 50 A/m? current density, 155.84 mL/min flow rate,
pHo and 0.01 M NaNOs electrolyte in the electrochemical oxidation of the model working solution with the initial pollution concentration
of 30 mg/L after a 90 minute treatment period, 51% color removal efficiency and 2,0534 kwh/m?® energy consumption was obtained. In the
presence of 50 A/m? current density, 155.84 mL/min flow rate, pHo and 0.05 M NaCl electrolyte in the electrochemical oxidation of the
model working solution with the initial pollution concentration of 30 mg/L after a 20 minute treatment period, ~100% color removal
efficiency and 0,6557 kwh/m® energy consumption was obtained.

Keywords: Electrochemical oxidation, dyestuff, support electrolyte, Ti/IrO> electrode
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1. Giris

Tekstil tiriinlerine olan talebin her gegen giin artmasi ile
tekstil endiistrileri ve buna paralel olarak tekstil endiistrisi
atiksular1 hizla artarak diinyadaki en 6nemli endiistriyel
kaynakli atiksulardan birini olusturmaktadir. Tekstil
enddistrilerinde farkli teknolojiler paralelinde uygulanan her
islem agiga ¢ikan atiksularin standart bir aritma yontemi ile
aritilmasini olanaksiz hale getirmektedir. Tekstil endiistrisi
atiksular siire¢ ve lretim sirasinda kullanilan ¢ok fazla
cesitlilige sahip kimyasal madde ve boyar madde icermekte,
buna bagli olarak renkli ve yiiksek hacimlerde atiksu agiga
¢ikarmaktadir. Tekstil endiistrisi atiksularinda karsilasilan
en biiyiik problem atiksularin yiiksek miktarlarda boyar
madde icermesidir. Boyama siirecinde elyafa yapismadan
attk suya karigan boyalar aritilmadan alict ortama
verildiklerinde renk olusturmakta, estetik goriiniimi
bozmakta ve suyun 151k gegirgenligini azaltarak fotosentezi
olumsuz yonde etkilemektedir. Ayni zamanda boyar
maddelerin ve yan {riinlerinin dogada toksik etki, insanlar
iizerinde mutajenik ve kanserojenik etki gostermesi
aritilmalarint zorunlu hale getirmektedir (Rajaguru ve ark.
2002, Weisburger 2002, Pandey ve ark. 2007).
Elektrokimyasal yiikseltgenme yonteminin (EKO) enerji
verimliligi, otomasyon imkani1 ve aritim neticesinde ¢amur
olugsmamasi son yillarda 6zellikle tekstil endiistrisinde ilgi
gormektedir. EKO siiregleri aritim i¢in herhangi bir ilave
kimyasal madde ihtiyact duymamaktadir ve bu nedenle de
ikincil bir atik iiriin olusturmamaktadir. Boylece ikincil bir
cevre kirliliginin 6niine gecilmesi ve etkin bir atiksu aritimi
da miimkiin olmaktadir. Bu aritma sisteminde elektrolit
icerisinde bulunan mevcut oksijen Kkirletici bilesiklere
aktarilir. Tepkimeler dogrudan anodik yiikseltgeme ve
dolayl redoks tepkimelerinden olusur (Rajeshwar ve ark.
1995, Fernandes ve ark. 2004).

Deney sistemine elektrolit eklenmesinin amact sistemin
iletkenligini artirarak sistemden daha fazla akimin
gecmesini saglamak ve kullanilan elektrolite bagl olarak
dolayli yiikseltgenmeyi desteklemektir. Elektrokimyasal
parcalanmay1 dolayisiyla da KOI giderimini etkiledigi igin
elektrolit miktar1 sistemi etkileyen parametrelerden biridir
(Ugurlu 2004). Sisteme cesitli elektrolitler (siilfat, hidrojen
peroksit ve demir iyonu gibi) eklenebilir. iletken olmayan
kimyasallarin elektrokimyasal olarak pargalanmasi icin
ortama iletkenligi saglayan tuzlar eklenmesi gerekmektedir
(Ozdemir 2005).

Genel olarak kullanilan NaCl elektrolitinin varliginda katot
ve anotta gerceklesen temel elektrolit reaksiyonlar1 asagida
gosterilmisgtir.

Katot:

2H,0 + 2e" — Hy) + 20He €°=-0.8277V (1)
Anot:

2ClI — Clz(g) + 2e
Toplam:

2H,O +2CI" — Hy + Clz(g)+2OH‘

£°=-1.3595V  (2)

©=2.1872V  (3)
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Esitlik 1 ve 2°deki tepkimeler katot ve anotta gerceklesen
temel elektrolit tepkimelerdir. Katotta Oncelikle su
molekdilleri indirgenir, su molekiillerinin elektron alma
egilimlerinin daha yiiksek olmasi nedeniyle sodyum iyonu
¢ozeltide herhangi bir degisime ugramaz ve Esitlik 4’teki
tepkime gerceklesir;

2H,0 + 2(NaCl) — Ha(g) + Cly+2(NaOH) 4)
Daha once yapilan galismalarda siilfatin elektrooksidasyon
tepkimelerinde bir etkisi olmadigi sadece sistemin

elektriksel iletkenligine fayda sagladigi konusunda bilgiler
yer almasina ragmen yapilan son calismalar bu bilgiyi
clirtitmektedir. Siilfat varliginda olusan peroksidisiilfatlarin
(S205*) oksidant olarak etki gosterdikleri kanitlanmugtir
(Murugananthan ve ark. 2007, Li ve ark. 2010).

25042_ — Szng' +2¢ (5)

Ayrica OHe radikalinin peroksidisiilfat olusturmak icin
silfat oksidasyonunda yer aldigi da kanitlanmistir
(Murugananthan ve ark. 2007, Bechtold ve ark. 2006).

2HSOy4 + 2 OHe— S,05* + 2H,0 (6)

2. Materyal ve Metod

Bu caligmada Reaktif Orange 16 (RO16) boyar maddesi
kullanilarak model ¢calisma ¢ozeltisi hazirlanmistir. Asagida
kullanilan boyar maddenin 6zellikleri ve kimyasal yapisi
gosterilmektedir.

H'.
HO

N

h

NaO,SORCHCOS N
NaO,S

Sekil 1. RO16 boyarmaddesinin kimyasal yapis1 (http-1)

Tablo 1. Kullanilan boyarmaddenin 6zellikleri (http-1)

Molekiiler Formiil C20H17N3Na;011S3

Molekiil agirhg: (g/mol) 617,54
Kompozisyon Boya igerigi, >70%

(1.) Amax 388 nm
(2.) Amax 494 nm

Absorpsiyon
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Calismamizda elektrokimyasal aritim islemi, Ti/IrO, karisik
metal oksit kapli titanyum elektrotlar kullanilarak
gergeklestirilmis, sistemin verimliligi ve siirdiiriilebilirligi
arastirllmistir. Anot materyalleri, akim yogunlugu, akis
hizlari, pH gibi parametrelerin optimizasyonu yapilarak

renk  giderimine  destek  elektrolitlerin  katkis1
degerlendirilmigtir.  Renk  parametresi icin UV
Spektrofotometre cihazi kullanilarak analizler
gerceklestirilmistir. Incelenen parametreler Tablo 2’de
gosterilmektedir.

Tablo 2. Model ¢aligma ¢6zeltisinin optimizasyonunda kullanilan
parametreler

Parametre Deger
g‘;ilizi‘:;lg;‘f' Kirlilik 20 — 30— 125 mg/L
Elektrot Ti /IrO,

Akis hizlarn (mL/dk) 155,84/ 175,7/ 234,2/ 324,3
Akim Yogunlugu 1,6/5/8/10/15/20/25/30/
(A/m?) 40/50/75/100/150
pH pHo/pH3/pH1 1
Elektrolitler NaxSO4, NaNO3, NaCl
Aritim Siiresi 1-90 dk

Analiz Parametreleri Renk, Enerji Tiiketimi

1000 mg/L’lik stok c¢ozelti hazirlanarak, 500 mL
hacimdeki standart g¢alisma ¢ozeltisi ile deneyler
ylritilmiistiir.

*  Elektrot boyutlar1 12,5cmx5cmx0,2 cm’dir. Elektrotlar
aras1 mesafe 4 mm’dir.

e (Calisma ¢ozeltisinin iletkenligi ~25us/cm ve pH’1 6-7
araliginda degisiklik gostermektedir.

e UV araliklarinda 6zel spektroskopik c¢alismalar i¢in
UV/vis.  spektrofotometrik  cihazlar  kullanilarak
analizler yapilmig 10 mm 1s1n yollu kuvars kiivetler
kullanilmistir. Renk giderimlerine bakilmistir.

+ lletkenlik ve pH iletken &lger ve pH metre cihazi
kullanilarak 6l¢iilmiistiir.

*  Model ¢alisma cozeltilerini hazirlamak i¢in deiyonize
su, ters 0zmos ve iyon degisimini birlestiren ultra saf su
hazirlama tinitesi kullanilmustir.

Multimetre

Elektrot baglantilar

@& ‘e
0 0 88 00
X

TvTrO; elektrot

Giig kaynagy
pH metre E
| -
Model galigma gdzeltisi | Y
Manyetik bar — = -
Peristaltik Pompa  Elektrokimyasal Reaktdr

I MANYETIK KARISTIRICT I

Sekil 2. Deneyler i¢in kullanilan reaktor diizenegi

39

Eurasian J Bio Chem Sci, 4(2):37-43, 2021

3. Bulgular ve Tartisma

Baslangi¢ kirlilik derisimi 30 mg/L olan galisma ¢ozeltisi
ile optimizasyon c¢aligmalar1 yiiriitilmiis ve elde edilen
optimum kosullar 20 ve 125 mg/L’lik kirlilik derisimlerine
uygulanarak aritim verimleri elde edilmistir. Akim yogunlugu
deerleri 1,6/2,5/5/8/10/15/20/25/30/40/50/75/100/150 A/m?,
akis hizlar1 155,84, 175,7, 234,2 ve 324,3 mL/dk, model
calisma ¢ozeltisinin dogal pH’min yan1 sira (6-7) pHs ve
pHii, destek elektrolit olarakta NaSOs, NaNO; ve
NaCl’nin miktar ve etkisi arastirilmistir. Elektrolit miktari
olarak 0.01/0,02/0,03/0,04/0,05/0.1 M derigimleri tercih
edilmistir.

3.1. Naz2S0q elektroliti ile elde edilen veriler

Tablo 3’te Na,SOs4 elektroliti kullanilarak optimum
kosullarda elde edilen sonuclar verilmistir.

Tablo 3. NazSOq elektroliti ile optimum kosullarda elde edilen
deney sonuglari

(dk) V) (mg/L) (%) (kwh/m?) Tuketlml
(kwh/m®)
0 0 0 0 0 0
1 34 21,55 28 0,1164 0,1164
2 34 21,19 29 0,1164 0,2327
3 3,4 21,03 30 0,1164 0,3491
4 3,4 20,83 30 0,1164 0,4654
5 3,4 20,64 31 0,1164 0,5818
10 3,4 20 33 0,1164 0,6982
15 3,4 19,24 36 0,1164 0,8145
20 3,4 19,05 36 0,1164 0,9309
30 3,4 17,06 43 0,1164 1,0472
40 34 15,67 48 0,1164 1,1636
50 34 14,48 52 0,1164 1,2799
60 3,4 13,29 56 0,1164 1,3963
70 3,4 12,30 59 0,1164 1,5127
80 3,4 11,31 62 0,1164 1,6290
90 3,4 10,52 65 0,1164 1,7454

Co: 30 mg/L, [=50A/m* Q=155,84 mL/dk, D.E=0,01 M Na,SO,,
pHay:11/pHson:11, Eio:2194ps/cm, Eison:1900us/cm

Elektrolit miktarimin arastirildigi optimizasyon
calismalarinda 0.01/0,02/0,03/0,04/0,05/0,1 M’lik NaxSO4
miktarlar1 denenerek deneysel ¢alismalar stirdiiriilmistiir.

Baslangig kirlilik derigimi 30 mg/L, 155,84 mL/dk akis hizi,
0,01 M NaySO4, pHii’de yapilan akim yogunlugu
optimizasyonunda 90 dk’lik bir siire sonunda 50 A/m?’de
%65 boyarmadde giderimi ile en iyi sonucu vermistir.
Bundan sonraki deneyler bu veriler baz alinarak devam
ettirilmistir. Son olarak elde edilen biitiin optimum kosullar
20 ve 125 mg/L’lik baslangi¢ kirlilik derisimlerine
uygulanmuistir.
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NaySOy elektroliti ile yapilan deneysel calismalarda elde
edilen veriler tartisildiginda, pHi; degerinde elde edilen
aritim verimleri pHo ve pHj3 degerlerinin {izerine ¢ikmistir.
Alkaline kosullarda enerji uyarimi ve elektron transferi ile
sistem igerisindeki peroksidisiilfat olusumu aktive edilebilir
(Lominchar ve ark. 2018). Sistem igerisinde alkaline pH
etkisi ile peroksidisiilfat olusumlarinin arttig1 ve bu nedenle
aritim yiizdelerinin arttig1 sdylenebilir. Baglangic kirlilik
derisiminin 125 mg/L oldugu durumda yaklasik %50 renk
giderim verimleri elde edilmesi yiiksek derisimlerde dahi
sistemin aritim kapasitesinin olduk¢a yiiksek oldugunu
gostermektedir.

3.2. NaNO:s elektroliti ile elde edilen veriler

Tablo 4’te NaNO; elektroliti kullanilarak optimum
kosullarda elde edilen sonuglar verilmistir.

Tablo 4. NaNOs elektroliti ile optimum kosullarda elde edilen
deney sonuglari

Sekil 4. Ti/IrO2 elektrotlarla, Co= 30 mg/L, Q=155,84 mL/dk,
D.E.= Na»SOs, pH=11, I=50 A/m*de elde edilen aritim yiizdeleri
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(dk) V) (mg/L) ) (kwh/m?) Tuketm;n
(kwh/m?)
0 0 0 0 0 0
1 4 22,72 24 0,1369 0,1369
2 4 22,44 25 0,1369 0,2738
3 4 22,6 25 0,1369 0,4107
4 4 22,28 26 0,1369 0,5476
5 4 22,12 26 0,1369 0,6845
10 4 21,88 27 0,1369 0,8214
15 4 21,6 28 0,1369 0,9582
20 4 20,88 30 0,1369 1,0951
30 4 19,92 34 0,1369 1,2320
40 4 19,24 36 0,1369 1,3689
50 4 18,24 39 0,1369 1,5058
60 4 17,28 42 0,1369 1,6427
70 4 16,76 44 0,1369 1,7796
80 4 15,88 47 0,1369 1,9165
90 4 14,80 51 0,1369 2,0534

Co:30 mg/L D.E=0,01

M NaNO; [=50 A/m?,

pHo:5,94/pHson:5,70 Elo:1241ps/cm Eison:1016ps/cm

Q=155,84 mL/dk,

Sekil 5 Ti/IrO2 elektrotlarla, Q=155,84 mL/dk, D.E=0,01 M
Naz2SO0q4, pH=11, =50 A/m%de elde edilen aritim ylizdeleri
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calismalarinda 0.01/0,02/0,03/0,04/0,05/0,1 M’lik NaNO;
miktarlar1 denenerek deneysel ¢alismalar siirdiiriilmstiir.

Biitiin kirlilik derisimlerinde yaklagik %51 renk giderim
verimi elde edilmistir. NaNOj elektroliti icin pH ve akis hizi
degerleri aritim verimlerini etkilememistir. Sistemin dogal

pH’1
saglamistir.
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Sekil 6. Ti/IrO2 elektrotlarla, Co= 30 mg/L, Q=155,84 mL/dk,
D.E=NaNOs, pHo (5,94-6,41), I=50 A/m?’de elde edilen aritim
verimleri
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Sekil 7. Ti/IrO2 elektrotlarla, Co=30 mg/L, Q=155,84 mL/dk,

D.E.=NaNOs, pHo (5,94-6,41), I=50 A/m?’de elde edilen aritim
tizdeleri
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Sekil 8. Ti/IrO2 elektrotlarla, Q=155,84 mL/dk, D.E=0,01 M
NaNOs, pHo’da, I=50 A/m%de elde edilen aritim yiizdeleri
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3.3. NaCl elektroliti ile elde edilen veriler

Tablo 5’te NaCl elektroliti kullanilarak optimum kosullarda
elde edilen sonuglar verilmistir.

Tablo 5. NaCl elektroliti ile optimum kosullarda elde edilen deney
sonuglari

Zaman Voltaj Ren!( . Ren!( . I;ner:ji . Kﬁmﬁl?‘-ﬁf
(dk) W) Giderimi  Giderimi  Tiiketimi I?ner'jl )
(mg/L) (%) (kwh/m?)  Tiiketimi
(kwh/m?)
0 0 0 0 0 0
1 2,7 20,67 31 0,0820 0,0820
2 2,7 19,40 35 0,0820 0,1639
3 2,7 17,38 42 0,0820 0,2459
4 2,7 14,88 50 0,0820 0,3278
5 2,7 11,31 62 0,0820 0,4098
10 2,7 4,56 85 0,0820 0,4917
15 2,7 1,39 95 0,0820 0,5737
20 2,7 ~0 ~100 0,0820 0,6557

Co:30 mg/L, D.E=0,05 M NaCl, Q=175,7 mL/dk, 1=50 A/m?
pHo:5,71/pHson:6,99, Elo:5,10ms/cm, Eison:4,22ms/cm

Elektrolit miktarmin arastirildigi optimizasyon
calismalarinda 0.01/0,02/0,03/0,04/0,05/0,06/0,07/0,08
M’lik NaCl miktarlart denenerek deneysel ¢aligsmalar
strdirilmistiir.
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Sekil 9. Ti/IrO2 elektrotlarla, Co=30 mg/L, Q=155,84 mL/dk, pHo
(6,15-6,29), I=50 A/m?de elde edilen aritim verimleri
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Sekil 10. Ti/IrO2 elektrotlarla, Co=30 mg/L, Q=155,84 mL/dk, pHo
(6,15-6,29), I=50 A/m?de elde edilen aritim yiizdeleri
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Baglangic kirlilik derisimi 30 mg/L, 155,84 mL/dk akis hizi,
0,05 M NaCl, pHo’da yapilan akim yogunlugu
optimizasyonunda 20 dk’lik bir siire sonunda 50 A/m?’de
~%100 boyarmadde giderimi ile en iyi sonucu vermistir.
Bundan sonraki deneyler bu veri baz almarak devam
ettirilmistir. Son olarak elde edilen biitiin optimum kosullar
20 ve 125 mg/L’lik baslangic kirlilik derisimlerine
uygulanmustir.
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Sekil 11. Ti/IrO2 elektrotlarla, Q=155,84 mL/dk, D.E=0,05 M
NacCl, pHo (5,71-6,15), I=50 A/m%de elde edilen aritim yiizdeleri

NaCl igeren ¢ozeltilerde, anot ylizeyi {izerinde Kklor,
hipoklorik asit veya hipoklorit iyonu gibi aktif kloro-tiirler
iiretilebilir ve sonug olarak organik maddeler oksitlenebilir
(De Paiva Barreto ve ark. 2014, Rajkumar ve ark. 2005,
Ramalho ve ark. 2010). NaCl elektrolitinde kloriiriin aritim
verimlerini arttrmasimin yanisira olusturdugu aktif klor
bilesikleri ile de oksidasyona katki saglamakta ve aritim
yiizdelerini arttirmaktadir. Yiiksek molar konsantrasyonlari
daha yiiksek aritim verimleri elde etmemizi sagladig1 icin
kisa siirelerde rengin tamami giderilmistir.

3.4. Enerji Tiiketimi
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Sekil 12. Ti/IrO2 elektrotlarla, Co=30 mg/L, Q=155,84 mL/dk,
D.E.=(0,01M Na2SO4s-pH11)-(0,01M NaNOs pHo)-(0,05M NaCl,
pHo), I=50 A/m?'de elde edilen enerji tiiketim degerleri
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Ulkemiz igin tek terimli tek zamanli ticarethane (Orta
Gerilim) i¢in kwh basma elektrik birim fiyatt 0,896979
TL/kwh+KDV(+10krs.)’dir (http-2). Buna gore Na,;SO4
elektrolitinin kullanildigr optimum kosullarda 30 mg/L
basglangi¢ kirlilik derisimi i¢in 90 dk’lik aritim siiresi
sonunda 1,57 TL/m? NaNOs elektrolitinin kullamldig
optimum kosullarda 30 mg/L baslangig¢ kirlilik derisimi i¢in
90 dk’lik aritim siiresi sonunda 1,84 TL/m?, NaCl
elektrolitinin kullanildigi optimum kosullarda 30 mg/L
baslangi¢ kirlilik derisimi i¢in 20 dk’lik aritim siiresi
sonunda 0,59 TL/m? ve Na,SOs elektrolitinin kullanildig
optimum kosullarda 125 mg/L baslangi¢ kirlilik derigimi
icin 90 dk’lik arttim siiresi sonunda 1,61 TL/m?, NaNOs
elektrolitinin kullanildigi optimum kosullarda 125 mg/L
baslangi¢ kirlilik derisimi icin 90 dk’hik aritim siiresi
sonunda 1,89 TL/m3, NaCl elektrolitinin kullanildig
optimum kosullarda 125 mg/L baslangi¢ kirlilik derisimi
icin 40 dk’lik aritim siiresi sonunda 0,76 TL/m® enerji
tilketim maliyetleri olusmustur. Enerji tiiketim degerleri
degerlendirildiginde NaCl elektroliti en diisiik enerji
miktarini olusturmustur.

4. Sonug

Destek elektrolitlerin aritim verimlerine olan katkilarinin
miktar ve icerik olarak degerlendirildigi optimizasyon
calismalarinda NaCl elektrolitinin aritim verimlerine olan
katkis1t Na;SO4 ve NaNO; elektrolitlerinin etkisinden ¢ok
daha fazladir sonucuna vartlmistir. Na,SO4 elektroliti’de
NaNO; elektrolitine gore ¢ok daha iyi sonug vermistir. NaCl
elektroliti i¢in klorlu aktif bilesiklerin olugarak oksidasyona
katki  saglamalari  aritim  verimlerinin  artmasini
aciklamaktadir.  NaSO4  elektroliti  i¢in  yapilan
aragtirmalarda siilfatin peroksidisiilfat olusturma kapasitesi
g6z Oniine alindiginda oksidasyona katki saglamasi aritim
verimlerinin artmasma yol agmistir denilebilir. Enerji
tilketim verileri de gozoniine alindiginda NaCl elektroliti
yiiksek aritim verimleri ve diisiik enerji tilketim degerleri ile
oldukga basarili sonug vermistir.

Tesekkiir

Bu ¢alisma ESTU BAP Komisyonu 1708F474 no’lu proje
ile desteklenmistir.
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Abstract: Apomorphine is currently used as a dopamine agonist to treat advanced Parkinson Disease. In the present study, we
developed a sensitive, simple, reliable, and robust HPLC method for quality control of apomorphine hydrochloride in bulk drug
and pharmaceutical formulations. C18 column was used for separation. Isocratic elution was performed using mobile phase A: 50
mM potassium dihydrogen phosphate solution (pH:3 with ortho-phosphoric acid), B: acetonitrile in the ratio of 85:15 (A: B), and
the mobile-phase flow rate was kept at 1 mL.mint. Analyses were carried out at 272 nm using a UV detector. A perfect linear
relationship between peak-area versus drug concentration in the range of 10-100 pg-mL™ was observed (r?, 0.9999). It has been
found that the developed method is sensitive (Detection and quantification limits were determined as 1.3 pg-mL?and 3.8 pg-mL"
1 respectively), precise (RSD<0.9%, for repeatability and <1.2% for intermediate precision, inside appropriate precision ranges),
accurate (recovery in various dosage forms, 99.68-100.56%, in a reasonable range, 80-120%), specific and robust (RSD% <0.80,
for system suitability parameters). The proposed method for the determination of apomorphine hydrochloride in pharmaceutical

formulations has been successfully applied.

Keywords: Apomorophine, HPLC, Pharmaceuticals, Quality control

1. Introduction

Parkinson's disease (PD) is the second most common
neurodegenerative disease that affects 1% of the population
over the age of 60. This rate reaches up to 3% in the highest
age groups. (Tysnes and Storstein, 2017; Poewe et al.,
2017). Highly effective treatments for PD are available.
Replacement of dopamines by oral levodopa is still the gold
standard of many symptomatic treatments. It is balanced
only by apomorphine due to its scale of effect on motor
symptoms (Kempster et al., 1990). The response to
levodopa continues for a long time, but as the disease
progresses, motor complications (dyskinesia and other
complications) are developed in many patients. (Poewe and
Lees and Stern, 1986; Sweet and McDowell, 1975)

Apomorphine's principal role in the treatment of PD is in
the regulation of motor problems attributed to levodopa.
Apomorphine, derived from the acidification of morphine,
is an aporphine alkaloid. Comprises a tetracycline
aporphine ring, its structure is responsible for affinity and

© EJBCS. All rights reserved.

lipophilicity for dopaminergic receptors. Specifically, the
ortho-catechol group is structurally similar to dopamine.
(Ernst and Smelik, 1966) It also contains a moiety of
piperidine, as most antipsychotic drugs. Apomorphine has
been described as an agonist of dopamine, but it varies
greatly from other oral agonists of dopamine used in
Parkinson's disease. Apomorphine functions as a potent
agonist dopamine receptor with a wide range on both D1-
and D2- like receptors, due to its catechol moiety (Auffret
and Drapier and Vérin, 2018). In contrast, oral dopamine
agonists pramipexole and ropinirole predominantly bind to
D1, D2, and D3 receptors. (Millan et al., 2002). The action
mode of apomorphine is more like that of dopamine or its
precursor levodopa. Additionally, apomorphine has
antagonistic effects on serotonergic and adrenergic
receptors and agonistic effects on serotonergic receptors.
(Jenner and Katzenschlager, 2016). Apomorphine has no
affinity for opioid receptors unlike its mother compound,
morphine. (Le Witt et al., 2009). The main role of
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apomorphine in treating PD is in controlling motor
problems associated with levodopa.

Apomorphine Hydrochloride (6af-Aporphine-10,11-diol
hydrochloride hemihydrate) is currently used to treat
advanced PD as a dopamine agonist (Figure 1). Arppe first
synthesized apomorphine by heating morphine with excess
sulfuric acid in 1845 and named it sulfomorphite . Later,
Matthiessen and Wright synthesized apomorphine
hydrochloride by heating morphine with concentrated
hydrochloric acid in 1868. (Arppe, 1845). The compound
was called apomorphia to emphasize its origin and
distinction from the compound of the mother, morphine.
Apomorphine started to attract interest in both veterinary
and human medicine after the experiments by Matthiessen
and Wright. (Matthiessen and Wright, 1868). Apomorphine
has been used in various experiments in humans and
animals in the years after its discovery and had several
effects which led to its use in various medical fields.
According to the experiments carried out in humans and
animals by Gee, Hare, Pierce, Siebert, and Harnack, the
impacts of apomorphine are associated with activity on the
central nervous system. (Taba and Lees and Stern, 2013;
Pierce, 1870; Hare, 1912; Gee, 1869; Taba and Lees and
Stern, 2013). Most importantly, an emetic reaction was
always detected in dogs and humans with parenteral and
oral treatment. An adverse effect in the use of apomorphine,
emesis has been the drug's primary signal for many decades
and has contributed to its application in extracting foreign
particles from the esophagus or managing poisoning. In
cases of opioid, alcohol, and smoking dependency, this
emetic response has been used to induce adverse
conditioning by administering the drug with the undesired
stimulus. (Raymond, 1963). Oral apomorphine undergoes
significant first-pass metabolism resulting in poor
bioavailability, and in most trials and tests parenteral
delivery of the drug was the favored route of administration.
(Hughes and Lees and Stern, 1991; Stibe et al., 1988).
Between the beginning of the twentieth and the end of the
nineteenth century, the clinical use of apomorphine covered
almost every medicinal field. The sedative effects of the
drug have been utilized in various psychiatric conditions
such as hysteria, mania, anxiety, dementia, schizophrenic
excitement, and alcohol-related disorders. (Lemere, 1987).
Spontaneous erection in these experiments was observed as
an unexpected consequence. This situation led to the
commercialization of apomorphine in later years to treat
erectile dysfunction. (Mulhall, 2002). De Weill first
hypothesized in 1884 that apomorphine may be beneficial
in patients with PD. (De Weill, 1884). Many studies
supported their findings, which resulted in the acceptance of
apomorphine as an alternative therapy to decrease "down"
time in advanced PD over the following years.
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Figure 1. Molecular structure (Apomorphine HCI)

Various analytical methods have been reported for
analyzing the apomorphine HCI, including liquid
chromatography-electrospray ionization mass spectrometry
(Yang, 2006), proton nuclear magnetic resonance
spectrometry (Tan, 2016) liquid chromatography . (Ang and
Boddy and Liu and Sunderland, 2016), titrimetry (The
United States Pharmacopeia; European Pharmacopoeia).
These analytical methods (Liquid chromatography-
electrospray ionization mass spectrometry, proton nuclear
magnetic resonance spectrometry) is more accurate and
sensitive, however costly, therefore, limit their utility in the
quality control of pharmaceutical formulations. In
titrimetric methods, significant quantities of solvent are
consumed and these solvents usually adversely impact
human and environmental health.

In this study, a rapid, simple, accurate, and sensitive HPLC-
UV method has been developed. It can precisely and
accurately quantify and detect the smallest amount of the
drug with a short working time in pharmaceutical
formulations. Here, the method has been validated for
precision, accuracy, sensitivity, selectivity, and different
other validation parameters as per ICH guidelines.

2. Material and Method
2.1. Chemicals

Analytical grade chemicals were used without further
purification in this study, Ortho-phosphoric acid (>85%,
Sigma-Aldrich), Potassium dihydrogen phosphate (99.5-
100.5%, Sigma-Aldrich), and HPLC-grade acetonitrile
(299.9%, Sigma-Aldrich) were used. Deionized water was
purified using a Milli-Q system (Millipore) with
conductivity lower than 18.2 pS.cm™. Apomorphine HCI
bulk powder and injectable solution (APO-GO, 20 mg 2
mL™) were obtained from Abdi Ibrahim Pharmaceuticals
Industry and Trade Co. Ltd. (Istanbul, Turkey).
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2.2. Stock standard solution

100 mg pure drug was accurately weighed, dissolved in
about 30 mL of deionized water, and transferred to a 100
mL volumetric flask. To get 1 mg mL™* of the stock solution,
the volume was completed to 100 mL with deionized water.
The resulting stock solution was sonicated and filtered
through a 0.45 um filter. The stock solution was further
diluted with deionized water to obtain the required
concentration of standard solutions (10-100 pg.-mL™)
before being injected into the system for analysis.

2.3. Sample solution

10 ampoules containing 20 mg 2 mL* solutions for injection
or infusion were broken and their contents were poured into
a 50 mL volumetric flask. It was well mixed. 10 mL of this
solution was taken and transferred to a 100 mL volumetric
flask. The volume is completed with deionized water to
obtain a solution containing 1000 pg.mL™ and then filtered
through a 0.45 pm filter.

2.4. Determination of Amax

Standard solution (40 pg.mL?) was subjected to scanning
between 200-800 nm on a UV spectrophotometer
(Shimadzu UV-1800 spectrophotometer). A max was
examined from the UV spectrum of the standard solution.

2.5. Chromatographic conditions

Chromatographic analysis was performed on a column of
ACE C18 (4.6 mm x 150 mm, 5.0 um). The mobile phase
consisted of potassium dihydrogen phosphate 50 mM (pH
3.0) and acetonitrile (85:15, v/v). The mobile phase was
filtered and degassed through a 0.45 um membrane filter
before use and then pumped at a flow rate of 1 mL.min™™.
The column has been thermostated at 30 oC. The run time
was 10 min under these conditions.

2.6 Method validation

The analytical method validation has been performed as per
ICH guidelines of Validation of Analytical Procedure: Q2
(R1) (ICH, 2005; CDER, 1994). The validation parameters
such as system suitability, linearity, the limit of detection
(LOD), the limit of quantification (LOQ), accuracy,
specificity, precision, and robustness were addressed.

Linearity

Standard calibration has been prepared using six standard
solutions within the concentration range of 10-100 pg.mL"
L. In optimized chromatographic conditions, each standard
solution was chromatographed for 10 minutes three times.
Least squares linear regression analysis of the average peak
area versus concentration data were used to evaluate the
linearity of the method.

Precision

Precision was analyzed by calculating variations of the
method in intraday(repeatability performed by analyzing
standard solution on the same day) and inter-day
(repeatability carried out by analyzing standard solution on
three different days). The precision study was performed by
injecting six times of standard solution at three different
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concentrations, 20, 40, and 60 pg-mL* on the same day and
three consecutive days.

Specificity/Selectivity

Selectivity is the analytical method's ability to provide an
analyte response in the presence of other interventions. The
selectivity of the method was tested by comparing the
chromatograms obtained for Favipiravir standard, tablet,
and blank solutions. The parameters retention time and
tailing factor were calculated to prove that the method
chosen was specific.

Accuracy

Recovery studies were conducted by the standard addition
technique to confirm the accuracy of the developed method.
In this method, 80%, 100%, and 120% of three different
levels of the pure drug were added to the previously
analyzed sample solutions, and favipiravir’s recovery was
calculated for each concentration.

LOD and LOQ

These values were determined using the standard error (s)
and slope of the regression line (m) as shown in following
equations.

LOD =3.3*s/m
LOQ =10 *s/m
Robustness

A robustness analysis was performed to determine the
impact of minor yet systematic differences in
chromatographic conditions. The modifications include
different flow rates of the mobile phase (£ 0.1 mL min-1),
acetonitrile ratio in the mobile phase (= 1 %), and column
temperatures (= 2 °C). After each change, System
suitability parameters were checked by injecting the sample
solution into the chromatographic system and the results
were compared with those under the original
chromatography conditions.

Analysis of marketed formulations

4 mL of the above-prepared sample solution has been
transferred into a volumetric flask of 100 mL and filled the
mark with deionized water to prepare at the concentration
of 40 pg.mL?! sample solution. This sample solution was
filtered using a 0.45 um filter and then analyzed.

Stability of standard and sample solution

The stability of the sample and standard solutions has been
monitored for 24 hours. For this, standard and sample
solutions were injected into the system at 8-hour periods,
and the peak area and retention time were evaluated. During
the stability study, standard solutions have been stored at
ambient temperature (25°C) and protected from light.

3. Results and Discussion

3.1. Determination of Amax

The wavelength corresponding to maximum absorbance
(Amax) was determined as 272 nm from the UV-vis.
absorption spectrum of standard solution (Figure 2).
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Figure 2. UV-vis. absorption spectrum (Standard solution, 40
ug-mL™)

Method development. Several preliminary studies have
been performed to optimize the chromatographic conditions
for Apomorphine HCI quantification. Mobile phases
consisting of several buffer systems were tried at the
beginning of the study, they could not meet the required
system parameters. Then only potassium dihydrogen
phosphate buffer system was tested without using organic
modifiers, long analysis times were obtained. Different
acetonitrile solution ratios were investigated to obtain
optimum conditions. The acetonitrile ratio was determined
as 15% against 50 mM potassium dihydrogen phosphate
solution (pH = 3.0) due to the Apomorphine HCI peak being
well shaped and symmetrical using this system. Eventually,
it was found that the mobile phase consisting of 50 mM
potassium dihydrogen phosphate solution (pH: 3.0 with
ortho-phosphoric acid) and acetonitrile (85:15, V/v)
provided stronger theoretical plates (> 2000) and peak
tailing factor (<1.0). Mobile phase running at different flow
rates (0.5-1.5 mL.min) and containing mixtures of organic
solvents and acetate buffers, with ionic strengths and pH
ranges were tested. Collectively, the best chromatographic
conditions have been achieved using an isocratic mobile
phase comprising 50 mM potassium dihydrogen phosphate
(pH = 3.0) and acetonitrile (85/15, v/v) at a flow rate of 1.0
mL.min" on an ACE C18 column (4.6 mm x 150 mm, 5.0
um). The analysis was conducted at 30°C, which offers a lot
of advantages such as good chromatographic peak shape,
enhanced column efficiency, and low-column pressure, in
addition to being economic. The eluate has been monitored
using a UV detector set at 272 nm. Under the
chromatographic conditions. Apomorphine HCI was eluted
at 4.637 min of retention time. The tablet solution was
analyzed for 60 minutes to ensure that no matrix
components were remaining in the column for much longer
under the specified conditions. However, continuing the
analysis after 10 minutes will increase both the analysis time
and the cost. Overlapping peaks were not observed to
overlap in samples from sample analyses injected into the
system consecutively with 10 minutes of analysis time. Due
to all these, the analysis time was determined as 10 min.
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3.2 Method validation

3.3.1. Linearity

The stock standard solution of Apomorphine HCI has
diluted appropriately with deionized water to obtain
standard solutions within the concentration range of 10 to
100 pg.mL?. Each standard solution was injected three
times into the HPLC system under the above-mentioned
chromatographic working conditions. The linearity of the
proposed method has been estimated at 6 concentration
levels in the range of 10-100 pg.mL* (10-20-40-60-80-
100) by regression analysis. The calibration curve has been
developed by plotting the average peak area versus standard
concentration (Figure 3). The correlation coefficient, slope,
and intercept of the regression line were determined using
the least-squares method. The relation between mean peak
area Y(n=3) and concentration, X expressed by the equation
Y =a+ bX, was linear. Values of the slope, intercept, and
correlation coefficient (r) was 56.009, -27.780, and 0.9999,
respectively as shown in Table 1. Overlay chromatogram of
Apomorphine HCI standard solutions (10-100 pg.mL') was
demonstrated in Figure 4A.

6000
5000
< 4000
8
< 3000
X
$ 2000
o y =56.009x - 27.780
0
0 50 100 150
Concentration of Apomorphine HCI pg.mL*!

Figure 3. A calibration curve (A: 272 nm)

Table 1. Statistical data (Calibration curve, Apomorphine HCI)

Parameter Value
Linearity range (ug-mL™) 10 - 100
Slope 56.009
Intercept -27.780
Correlation coefficient 0.9999
SE of Intercept 8.6902
SD of Intercept 21.287
LOD/LOQ (ug mLY) 1.30/3.80

3.3.2. Specificity / Selectivity

The chromatogram of Apomorphine HCI standard solution
has been given in Figure 4B. There is only one peak at the
retention time of 4.637 min. The chromatogram of the
injectable solution has been given in Figure 4C. There is
only one peak at the retention time of 4.637 min in this
chromatogram. There are no other peaks caused by
excipients and additives in this chromatogram. The
chromatogram of the mobile phase has also given in Figure
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4D. There are no other peaks caused by the contents of the
mobile phase in this chromatogram. This indicates that the
analytical method is specific. The parameters retention time
and tailing factor were calculated to prove that the method
chosen has been specific. Retention time, theoretical plate
number, and peak tailing factor values were 4.637, 11798,
and 0.600, respectively. All of the values were within the
accepted level.

Intensity

mau_|

Time, min.
: i ) 1 i

Figure 4. A. Overlay chromatogram (Standard solutions, 10-
100 pug-mL?)

Intensity
mAU ]
150-]

300

Time, min.
2 i 8 ) i
Figure 4. B. Chromatogram (Standard solution, 80 pg.mL™,
A:272 nm)
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2501
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2]
Time, min
; : : ; o

Figure 4. C. Chromatogram (Sample solution, 60 ug.mL",
A:272 nm)
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Figure 4. D. Chromatogram (Blank solution, A:272 nm)

3.3.3. Precision

The precision study was performed by injecting six times of
standard solution at three different concentrations, 20, 40,
and 60 pg-mL* on the same day and three consecutive days.
The precision data were given in Table 2. All RSD values
for retention time and peak area for selected Apomorphine
HCI concentrations were less than 0.2 and 1.2 %,
respectively. In this case, the method is precise and can be
used for our intended purpose.

Table 2. Precision data

Std. Intraday precision Interday precision

Conc.

pg-m  Found Peak Rete Found Peak  Reten

Lt conc. area  ntion conc. area tion
(6) RSD time (6) RSD time
pg-mL™ % RSD pg.mL™ % RSD
1 % 1 %

20 20.34 0.819 0.145 19.80 1105 0.185

40 40.22 0.560 0.095 40.05 0.862 0.123

60 60.08 0.620 0.102 60.18 0.644  0.097
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3.3.4. Accuracy Study

A known quantity of standard solution has been added to
the sample solutions previously analyzed at three different
levels in 50 mL (80%, 100%, and 120%). Concentration
was 40 pug.-mL? within the 50 mL. Quantity of apomorphine
was 2000 pg. So, 80% level refers to 1600 pg 100% refers
to 2000 pg and the last one 120% refers to 2400 pg. The
amount recovered for Apomorphine HCI has been
calculated for three concentrations. The recovery data were
summarized in Table 3. RSD% values for all analyses were
less than 0.2% indicating that excipients found in
pharmaceutical formulations do not interfere and the
analytical method is very accurate.
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Table 3. Recovery data (40 pg-mL™)

e (hgml?) (gm0 () (%)
32 32.13 100.41

80% 32 3204 10075 10056 0.174 0.173
32 32.17 100.53
40 3995  99.88

100% 40 3997 9993 99.93 0.050 0.050
40 39.99  99.98
48 4783 9965

120% 48 4786 9971 9968 0.032 0.032
48 4785  99.69

3.3.7. Robustness

The results showed that the change in flow rate and mobile
phase concentration had little effect on the chromatographic
attitude of Apomorphine HCI. The small change in the
mobile phase flow rate and acetonitrile content have a small
impact on the retention time of Apomorphine HCI. The
change in the column temperature did not have a significant
effect on the method. The results of this study, expressed as
RSD%, were presented in Table 4.

Table 4. Robustness data

Condition Variation Assay SD RSD
% %

Mobile phase flow 0.90mLmin?' 9965 0.80 0.80
te (1.00 mL.mint

rate ( mL-min”) 1.10 mL min! 99.88 0.75 0.75

Acetonitrile ratio in 13 % 10025 0.70 0.70
mobile phase (15 %)

17 % 99.90 0.67 0.67

Column temperature  og °c 99.94 050 050

o
(30°C) 32°C 10012 045 045

Stability of standard and sample solution. The stability of
the sample and standard solutions has been monitored for
24 hours. No changes in standard concentrations have been
observed over a period of 24 hours. The RSD% for peak
area (n = 3) was 0.077% and the value for retention time
(n=3) was 0.036% for standard solution. The results have
been demonstrated in Table 5. No major changes in inactive
ingredient concentration have also been found in the tablet
solution.

Eurasian J Bio Chem Sci, 4(2):44-50, 2021

Table 5. Standard solution stability (40 pg mL—1).

Retent

;’ime, Peak Mean SD RSD% i(_)n Mean SD RSD
ours  area time %
(min)
2220.0 4.636
2221. 55 0.0
8 2227.4 30 7 0.251 4.640 4.639 03 0.115
2216.5 4.641
2217.7 4.635
2218. 3.8 0.0
16 2214.7 23 3 0.173 4.638 4.638 03 0.192
2222.3 4.640
2218.2 4.636
2219. 13 0.0
24 2219.1 37 > 0.059 4.635 4.637 02 0.15
2220.8 4.639
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3.3.8. Application of the method to the marketed tablets
The developed and validated method has been applied
successfully for the determination of Apomorphine HCI in
pharmaceutical formulations. The result of the assay of the
marketed injectable solution of Apomorphine HCI is shown
in Table 5. The results obtained are closely related to the
amount indicated on the labels of the tablets. This shows
that the method for content evaluation is useful.

Table 6. Method application results

Formulation Label claim  Amountof % Assay + SD
(mg) drug
(mg)
APO-GO 10mgmL?  10.03mg 10003 =+
0.45
4. Conclusion
Liquid chromatography-electrospray ionization mass
spectrometry, proton nuclear magnetic resonance

spectrometry-liquid chromatography, and titrimetry are all
known methods for apomorphine analysis. These analytical
methods are more precise and sensitive, but they are also
more expensive, therefore their utility for pharmaceutical
formulation quality control is restricted. Titrimetric
procedures use a lot of solvents, which are usually bad
impression for human and environmental health.

A very quick, cost-effective, precise, and accurate HPLC
method for the determination of Apomorphine HCI has been
developed and validated in compliance with ICH guidance
Q2. Besides the short run time (10 min), retention time
(4.637), and flow rate of mobile phase (1 mL.min't) made
the method attractive because these features save analysis
time and cost. Sodium acetate, used as a general-purpose
buffer, has many interesting properties. The most important
of these features are good buffering capacity in the selected
pH range, easy availability, low toxicity and cost, and
greatly improved separation ability without colon
degradation. In short, this method is sensitive, selective,
reproducible, and rapid for favipiravir in bulk and tablets.
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The accuracy and precision are within reasonable limits, the
maximum of quantification is as small as 3.80 pg-mL™ and
finally, the analytical method is reliable and robust.
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Abstract: Nowadays, due to the stressful, tiring and busy lives of humans, the immune system becomes weak and can get sick
easily. Therefore, scientists have been doing researches about new, natural and healthy products that can strengthen their immune
systems and can provide to adapt life standards. One of these products is the beta glucan. It is a polysaccharide molecule that
consists of D-glucose monomers bonding with beta glycosidic bonds. Beta () glucans have being produced from different sources
(microorganisms, cereals and mushrooms) so they have different branched structures such as (1—3) (1—6), (1—3) (1—4), (1-3)
(1—-2). Thus, different branched beta glucans show different physicochemical properties and biological activities that designate
their usage purposes. Especially yeast beta glucan has lots of biological activities. On the other hand, it is fact that the extraction
method affects the molecular weight, yield, purity and other properties of beta glucans. The main purpose of this study is to compare
the performances of ultrasonically assisted alkali-acidic and autolysis extraction methods to produce a high yield of beta glucan.
Also, it was aimed to determine the effect of extraction method on the molecular weight of yeast beta glucan. As a result of this
work, it was found that the yeast beta glucan yield for ultrasonic supported autolysis extraction (12 %) is higher than that of the
ultrasonic supported alkali-acidic extraction (8 %). On the other hand, having the lower molecular weight of yeast beta glucan
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(87 kDa) was produced by using an ultrasonic supported autolysis extraction method.

Keywords: Beta glucan, Saccharomyces cerevisiae, yeast, alkali-acidic extraction, autolysis, molecular weight

1. Introduction

Humans have struggled with a lot of illnesses from past to
present. Today world is fighting the Covid-19 pandemic.
There is no doubt that the immune systems of humans
should be strengthened for preventing and overcoming
illnesses. Therefore, different natural and synthetic
substances have been used to stimulate the immune system,
modulating humoral and cellular immunity due to their
beneficial effect in fighting infections (bacterial, viral,
fungal and parasitic) (Mantovani 2008). Beta glucan is one
of them (Murphy et al. 2020). It is a polysaccharide
molecule which consist of D-glucose monomers bonding
with  beta glycosidic bonds. Different  sources
(microorganisms, cereals and mushrooms) consist of
different branching structures and quantities of beta
glucans. They have main three branching structures as
(1-3) (1—6)-p-Glucan, (1—3) (1—4)-p-Glucan and
(1—3) (1—2)-B-Glucan. Microorganisms and mushrooms
contain the branching structures of (1—3) (1—6) and
(1-3) (1—2) whereas cereals, grasses, and mushrooms
involve (1—3) (1—4) branching structure (Stone 2009;

© EJBCS. All rights reserved.

Synytsya and Novak 2014). Beta glucan is generally found
in cell walls of sources. 2 —4.83 % total dry mass of cereals,
11.26 — 14.57 % total dry mass of mushrooms and 8 — 16 %
total dry mass of baker yeast consist of beta glucan (Klis et
al. 2002; Maheshwari et al. 2017; Ozcan and Ertan 2018;
Sapirstein  2016). In comparison to other sources,
S.cerevisiae yeast has the highest beta glucan content and it
shows most of the biological activities of beta glucans. It is
important to emphasize that properties of beta glucan
changes from source to source due to differing branching
structure of beta glucan. For this reason, beta glucan is used
in different areas such as food, medicine, cosmetics.
Moreover, usage areas of beta glucan have been increasing
day by day thanks to new researches.

It is a well-known fact that the properties and yield of beta
glucan produced by using different extraction methods from
sources are affected by both source and extraction methods.
Hence, extraction method should be optimized in order to
obtain the beta glucan with requested properties such as
yield, purity, molecular weight, antioxidant and antitumoral
activity, swelling, fat binding, emulsion and foam capacity,
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viscosity, etc. (Adachi et al. 2013; Du et al. 2014; Karimi
et al. 2019; Khan et al. 2017; Volpato et al. 2018; Yilmaz
2010; Zhu et al. 2016). Khan et al. (2016) reported that
decreased molecular weight by using irradiation resulted in
an increase in the antibacterial activity against both gram-
positive and gram-negative bacteria. This is because of the
low molecular weight yeast B-d-glucan enters into the cell,
disturbing the metabolism of microbes which in turn cause
the lysis of the microbial cell (Khan et al. 2016; Kim et al.
2013; Kofuji et al. 2011; Valasquez-Junior et al. 2014).
Alzorgi et al. (2014), it is aimed to compare the different
extraction methods (Soxhlet, hot water and ultrasonic
assested extraction) used to obtain beta glucan from
G.lucidum mushroom. Beta glucan obtained from
G.lucidum mushroom by ultrasonic assisted extraction
method was found higher molecular weight, antioxidant
activity, and appropriate branching degree compared to beta
glucans obtained by the other two methods. Karimi et al.
(2019), the aim of this study was to examine the effects of
different enzymatic extractions used in the production of
beta glucan from barley on the physicochemical properties
of beta glucan and concluded that using several different
enzymes increases the purity of beta glucan and decreases
the molecular weight since they also cause degradation of
beta glucan.

The main purpose of this study is to compare the
performances of ultrasound assisted alkali-acidic and
autolysis extraction methods to produce high yield of beta
glucan and determine the effect of extraction method on the
molecular weight of it.

2. Materials and Method
2.1. Chemicals and yeast culture strains

NaOH, acetic acid, absolute ethanol, sodium phosphate
dibasic, sodium phosphate monobasic and all media
components were purchased from Sigma-Aldrich, Merck
and Oxoid. A pure strain of Saccharomyces cerevisiae
NRRL Y-567 yeast was provided Northern Regional
Research Laboratory, Peoria USA.

2.2. Yeast cultivation

Saccharomyces cerevisiae NRRL Y-567 yeast was
incubated in the liquid growth media consisting of 20 g/L
glucose, 3 g/L KoHPO4, 3.35 g/L (NH4)2SO4, 3.76 g/L
NaH2PO4, 0.52 g/L MgS04.7H,0, 0.017 g/L CaCl,.2H,0
and 6 g/L yeast extract (Sabuncu, 2016). Yeast was
inoculated from agar to 60 mL growth medium and
incubated at 32°C, 150 rpm for 12 hours (Incubator / Shel
Lab S16/SI6R). After the growth of yeast cells they were
separated from the liquid medium by centrifugation at 3000
rpm for 15 min (Rotofix 2800) Then they were inoculated
to the fresh liquid medium of 600 mL in the laminar flow
cabinet (NuAire, Biological Safety Cabinet Class Il) and
incubated at 32°C, 150 rpm for 8 hours by using an orbital
shaker. The growth medium was divided in to 50 mL falcon
tubes and yeast cells were collected by using centrifugation
at 5865 rpm for 15 min (HERMLE Z 326 K). Wet yeast
cells were portioned as four equal weights to perform
extraction procedures.
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2.3. Ultrasound assisted alkali-acidic extraction (UA-AA)

Yeast cells into two falcon tubes were extracted by using an
ultrasound assisted alkali-acidic extraction method. They
were treated with 2 M NaOH solution (0.008 v/w) at 90°C
for 1 hour in a heated ultrasonic water bath (40 kHz, 6 L,
AZIM) applied ultrasonic waves at 40 kHz for 15 min at the
beginning. Suspension was centrifuged at 5865 rpm, 4°C for
15 min. The precipitate was washed with pure water and
centrifuged at 5865 rpm, 4°C for 5 min. After removing the
supernatant 3 % acetic acid solution (0.008 v/w) was added
and waited at 85°C for 1 hour in a water bath. Suspension
was centrifuged at 5865 rpm, 4°C for 15 min. again. The
precipitate was washed with pure water and centrifuged at
5865 rpm, 4°C for 5 min. The supernatant was removed and
the precipitate was washed with absolute ethanol (0.008
v/w). The last centrifugation was conducted at 5865 rpm,
4°C for 15 min and the precipitate was dried in the oven
(THERMOMAC FDO 30) until the samples reach constant
weight. All these experimental procedures were realized as
three replicated.

2.4. Ultrasound assisted autolysis extraction (UA-A)

Sodium phosphate buffer solution (pH 7.3, 30 % wi/v) was
added into the two falcon tubes contains the yeast cells.
Suspensions were autolyzed at 50°C, 200 rpm for 24 hours
in the incubator. After autolysis, ultrasonic wave was
applied at 40 kHz for 15 min to the suspensions by using an
ultrasonic bath. Then they were centrifuged at 5865 rpm,
4°C for 15 min. Precipitates were washed with pure water
and were centrifuged at 5865 rpm, 4°C for 5 min. By the
addition of 3 % acetic acid solution (0.008 v/w) they waited
at 85°C for 1 hour in water bath. Suspensions were
centrifuged at 5865 rpm, 4°C for 15 min. Precipitates were
washed with pure water and centrifuged at 5865 rpm, 4°C
for 5 min. Precipitates were washed with absolute ethanol
(0.008 v/w). Suspensions were centrifuged at 5865 rpm,
4°C for 15 min. Precipitates were dried in the oven till they
reach constant weight. Experiments were performed three
replicated.

2.5. Determination of molecular weight

Beta glucans produced by two extraction methods were
dissolved using tetrahydrofuran (THF, Riedel-de Haén, >
99 puriss, stabilized) in certain solid/solvent ratio (5 %) to
obtain diluted polymer solutions in room temperature (0.05,
0.04, 0.03 and 0.02 mg/mL). Viscosity average molecular
weights of the samples were determined by using
Ubbelohde viscometer and Mark-Houwing equation
(Equation 1). K and a constants of (1—3) (1—6)-B-Glucan
is not present in the literature. So, K and o constants of
cellulose nitrate were used in this study because the
molecular structure of cellulose nitrate is similar to the
(1-3) (1—-6)-p-Glucan. K and o values for cellulose nitrate
are 25x102 mL/g and 1.00, respectively. Firstly, the relative
viscosities of beta glucan-THF solutions were measured by
Ubbelohde viscometer in room temperature. These values
were used to calculate the relative (nr), specific (nsp) and
reduced viscosities (nsp/C) of the solutions. In order to
obtain the intrinsic viscosity (n)), reduced viscosities were
plotted versus the polymer solution concentration. Finally,
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the viscosity average molecular weight of beta glucan
samples was evaluated by using the Equation 1 is known as
the Mark-Houwing equation.

[NI=K-M¢
2.6. Fourier Transform Infrared Spectroscopy (FTIR)

M)

Pellets prepared with beta glucan sample and potassium
bromide (KBr) by weigt 1:140 were analysed by Shimadzu
FTIR-8400 S at room temperature between 4000-400 cm™
wave number region. Beta glucan from Sigma was used as
the reference sample (Glucan from baker’s yeast
(S.cerevisiae) CAS Number: 9012-72-0)

3. Results

3.1. Comparison of beta glucan yields produced from
different extraction methods

Results were obtained from three replicated experiments
realized for both extraction methods. As seen in Table 1,
beta glucan yields obtained with UA-AA are lower than
those obtained with the UA-A method. On the other hand,
beta glucan yields of UA-AA-1 and UA-A-1 are higher than
the others because yeast cells were harvested at the end of
the 12 h of growth time however, yeast cell growth was
retained for 8 h for the other experiments (UA-AA-2, 3 and
UA-A-2,3).

3.2. The effect of extraction method on the molecular
weight of beta glucan

Relative, specific and intrinsic viscosities obtained for
different concentrations of beta glucan-THF solutions
which are used for the calculation of viscosity average
molecular weight were given in Table 2. Beta glucan-THF
solutions were prepared with produced by both UA-AA and
UA-A extraction methods. According to Table 2, as
expected, viscosities decreases as the concentrations are
lowered.

Table 1 Beta glucan yields obtained by two extraction methods

Beta glucan yield
(g dry beta glucan/g dry yeast)

Extraction method

UA-AA-1 0.1500
UA-AA-2 0.0610
UA-AA-3 0.0486
UA-A-1 0.1708
UA-A-2 0.0774
UA-A-3 0.1278

UA-AA: Ultrasound assisted alkali-acidic extraction

UA-A: Ultrasound assisted autolysis extraction
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Table 2 Relative, specific and intrinsic viscosities for different
concentrations of beta glucan-THF solutions

Extraction Concentration Relative Specific  Intrinsic
method (mg/mL) viscosity  viscosity  viscosity
UA-AA-1 0.05 1.0476 0.0476 0.952
0.04 1.0350 0.0350 0.876
0.03 1.0201 0.0201 0.671
0.02 1.0073 0.0073 0.364
UA-AA-2  0.05 1.0460 0.0460 0.920
0.04 1.0345 0.0345 0.863
0.03 1.0195 0.0195 0.650
0.02 1.0071 0.0071 0.353
UA-AA-3 0.05 1.0472 0.0472 0.944
0.04 1.0353 0.0353 0.883
0.03 1.0202 0.0202 0.673
0.02 1.0072 0.0072 0.360
UA-A-1 0.05 1.0511 0.0511 1.022
0.04 1.0317 0.0317 0.793
0.03 1.0207 0.0207 0.692
0.02 1.0078 0.0078 0.388
UA-A-2 0.05 1.0516 0.0516 1.032
0.04 1.0320 0.0320 0.800
0.03 1.0212 0.0212 0.706
0.02 1.0077 0.0077 0.387
UA-A-3 0.05 1.0504 0.0504 1.008
0.04 1.0336 0.0336 0.840
0.03 1.0228 0.0228 0.760
0.02 1.0079 0.0079 0.395

Viscosity average molecular weights of the produced beta
glucans by UA-AA and UA-A methods were given in
Figure 1. Itis seen from the Figure 1 that molecular weights
of beta glucans produced by using UA-AA methods were
higher than that molecular weights of beta glucans produced
by using UA-A methods. By using UA-AA method
viscosity average molecular weight was obtain about 110
kDa whereas was obtained 87 kDa by UA-A.

120

100

UA-AA-1  UAAA2  UAAA3 UA-A-1 UA-A-2 UA-A-3

Myv (kDa)
-+ (=3 =23
o o o

o
>

Figure 1 Molecular weights (Mv) of beta glucans produced by
using UA-AA and UA-A methods
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3.3. FTIR results

Figure 2 shows the FTIR spectra for the beta glucans
produced by two different extraction methods. This analysis
is also important in terms of produced beta glucan
characterization because the characteristic peaks in this
spectra determine the identity of the sample. Beta glucan
from Sigma (Glucan from baker’s yeast (S.cerevisiae) cas
Number: 9012-72-0) was used as the reference sample.
Peaks on 1030-1250 cm™ wave number show the beta
glycosidic bond for both produced beta glucans by different
extraction methods and the reference sample.
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—UA-AAL
e UA-AA2
w—UAAA3
—UAAL
—UAA2
—TA-A3

Transmittance,
=
A

5000 4000 1000 0

3000

‘Wave number, cm!
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Figure 2 FTIR spectras of beta glucans
4. Discussion

S.cerevisiae yeast was used as a source in this study due to
having highest beta glucan content and extensive biological
activities of beta glucans. Freimund et al. (2003) used beta
glucans produced from baker yeast using hot water and
enzymatic extraction methods and beta glucan yield was
found as 25-26%. Liu et al. (2008), produced the beta
glucans from spent baker yeast using autolysis, hot water
extraction, homogenization and enzymatic extraction
methods and beta glucan yield was observed as 11%. Khan
et al. (2016) by using alkaline-acidic extraction method
yeast beta glucan yield was noticed 38.5%. Tang et al.
(2017) beta glucan extracted yield as 19% from baker yeast
using alkaline extraction method. Beta glucan is 8-16 % of
dry cell wall of baker yeast. Normally, beta glucan yield
obtained in the previous studies should be between 8 and
16%. Presented in the literature these extreme values of
yield can not be comparable due to the different definition
of it. Even beta glucan yield was not defined in most of the
articles.

Effects of extraction methods on beta glucan production and
properties were investigated in this study. The results show
that higher yield of beta glucan was obtained by using UA-
A method than UA-AA. A reason for the results are possible
that UA-AA contains two-step cell wall disruption whereas
UA-A has only one. Thus, because the beta glucan is a cell
wall component of the yeast cell, a higher extraction yield
was achieved by the extraction method containing the more
efficient cell wall disruption. Otherwise, it was showed that
the prolonged yeast growth can promote the beta glucan
yield using different prolonged yeast growth time, but it
should be confirmed by more of a replicated
experimentation. Viscosity average molecular weights of
beta glucans were determined to research effect of
extraction methods on molecular weight of them. Lack of
Mark-Houwing equation’s coefficients for beta-glucan was
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led to an assumption of usage of cellulose nitrate
coefficients in the Mark-Houwing equation due to the
structural similarities of beta-glucan and cellulose nitrate to
determine the viscosity average molecular weight of beta-
glucan. Molecular weights of beta glucans produced by
using autolysis extraction were found lower than the
molecular weights of beta glucans produced by using alkali-
acidic extraction since beta glucanase enzyme in yeast cell
acts in autolysis extraction break up beta glucan molecule
and cause of decreasing molecular weight of it. It is an
obvious fact that extraction method is an important and
critical parameter should be considered in beta glucan
production and properties in light of these results.

5. Conclusion

Nowadays, beta glucan has been an important product
according to its antitumoral, antimicrobial and antioxidant
properties. Knowledge and usage areas about beta glucans
increased by means of multidisciplinary researches
(Murphy et al. 2020). The results show that extraction
method affects both yield and molecular weight of beta
glucan. Thus, the extraction method should be selected
according to the requested interval value of molecular
weight and providing high beta glucan yield. If lower
molecular weight values besides high yields are required,
the ultrasound assisted autolysis extraction method should
be preferred. It can be concluded that beta glucan having the
characteristic bonds is produced by both extraction
methods.
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Abstract: In this study, it was aimed to determine the pH, lime and organic matter contents of the soils of Reyhanli-Kumlu region
of Hatay province. For this purpose, a total of 80 soil samples were taken from two different depths (0-20 and 20-40 cm) and 40
different points, representing the study area soils. The pH, lime and organic matter contents of the soils were determined in the
samples. According to the results of the research; The pH content of the soils varies between 6.86-8.44, and although the pH of the
soil samples varies between neutral and slightly alkaline, it has been observed that 30.00% of the soils taken are neutral and 70.00%
are slightly alkaline. The lime content of the Reyhanli-Kumlu region soils is 2.71-64.23%, although the lime contents vary between
calcareous and very calcareous, 7.50% of the soils are calcareous, 27.50% are medium calcareous, 30.00% are very calcareous and
35.00% are very calcareous. it was seen to be too chalky. The organic matter content of the study area soils is between 0.40-2.89%
and although the organic matter of the soil samples varies between very little and medium, 3.75% of the soils are very little, 78.75%
less and 17.50% organic matter is medium. A positive and significant relationship was determined between the lime and organic
matter content of the soils, and no significant relationship was determined between pH content and other properties.

Keywords: pH, Lime, Organic Matter

Hatay Ili Reyhanli-Kumlu Bolgesi Topraklarinin pH, Kire¢ ve Organik Madde Iceriklerinin
Belirlenmesi

Ozet: Bu c¢alismada Hatay ili Reyhanli-Kumlu bélgesi topraklarmin pH, kirec ve organik madde iceriklerinin belirlenmesi
amaglanmustir. Bu amag igin ¢aligma alani topraklarini temsil edecek gekilde iki farkli derinlikten (0-20 ve 20-40 cm) ve 40 ayn
noktadan olmak iizere toplamda 80 toprak &rnegi alinmustir. Orneklerde topraklarin pH, kireg ve organik madde icerikleri belirlenmistir.
Arastirma sonuglarina gore; topraklarin pH igerikleri 6.86-8.44 arasinda degismekte olup toprak orneklerinin pH’lari notr ile hafif
alkalin arasinda degismekle birlikte, alinan topraklarin % 30.00’u nétr ve % 70.00°i1 ise hafif alkalin 6zellikte oldugu goriil miistiir.
Reyhanli-Kumlu bolgesi topraklarinin kireg igerikleri % 2.71-64.23 olup kireg igerikleri kiregli ile gok fazla kiregli arasinda degismekle
birlikte, topraklarin % 7.50’si kire¢li, % 27.50’si orta kirecli, % 30.00’u fazla kiregli ve % 35.00’i ise ¢ok fazla kiregli goriilmiistiir.
Calisma alani topraklarmim organik madde icerikleri % 0.40-2.89 arasinda olup toprak drneklerinin organik maddeleri ¢ok az ile orta
arasinda degismekle birlikte, topraklarin % 3.75°1 ¢ok az, % 78.75’1 az ve % 17.50’si ise orta oranda organik madde goriilmiistiir.
Topraklarin kireg ile organik madde igerigi arasinda pozitif 6nemli iligki belirlenmis olup, pH igerigi ile diger 6zellikler arasinda 6nemli
iligkiler belirlenememistir.

Anahtar Kelimeler: pH, Kireg, Organik Madde

© EJBCS. All rights reserved.

1. Giris

Toprak, yeryliziiniin olusumu, siirdiriilebilirligi ve
Ozellikleri i¢in her zaman olduk¢a onemli bir unsurdur.
Toprak daha kisa ve 6z ifade edilmek istenirse; yeryliziinii
ince bir kabuk seklinde kaplayan, kaya¢ ve bircok
mineralin farkli bi¢imlerde ayrismasi ve pargalanmasiyla
meydana gelen, yapisinda ve tizerinde degisik boyutlarda
canlilar bulunduran, bitkiler igin besin elementi saglayan
ve yasamlarini sirdiirdiikleri ortami olusturan, belirli

oranda hava ve su igeren ii¢ boyutlu dinamik bir varliktir
(Yalgin, 2020).

Stirdiiriilebilir bir tarimda toprak igerisinde bitkinin
devamlt bir gelisim gosterebilmesi, bulundugu toprak
igerisindeki kimyasal ve fiziksel 6zellikler ile yakindan
ilgilidir. Topragm kimyasal ve fiziksel ozelliklerinin
diizeltilmesi i¢in bagvurulan en o6nemli ydntemlerden
birisi organik kokenli materyallerin ilavesi ile miimkiin
olmaktadir (Alagoz ve ark., 2006).
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Topraklarin mevcut o6zellikleri yani sira kimyasal
ozelliklerinin de bitkisel iiretimde onemli bir faktor
oldugu gergegini kabul etmek gerekmektedir. Bundan
dolay1; topraklarin kimyasal 6zelliklerinin korunmasi igin
gerekli Onlemler alinmalidir. Aksi durumda hizla artan
niifus karsisinda Dbitkisel {retimin kaynagi olan
topraklardan  beklenen  yarar  saglanamayacaktir.
Topraklarin 6nemli kimyasal ozelliklerinden olan pH,
kire¢ ve organik madde igerigi bitkisel iiretim agisindan
onemli fonksiyonlara sahiptir (Gokpinar ve Yal¢in, 2020).
Toprak pH’s1 topraktaki bir¢ok kimyasal reaksiyonun
olusmasini, mineral ve organik maddenin parg¢alanmasini
ve besin elementinin yarayishhigini 6nemli o6lgiide
etkilemektedir (Tan, 1993). Organik madde; topraklarda
striiktliir olusumunu, havalanmayi, su tutma ve 1s1
kapasitesini olumlu etkiler ayni zamanda KDK’nin
yliksek olmast dolayisiyla besin elementinin tutulmasin
saglar (Sposito, 1989). Kireg ise; topragin pH igeriginin

istenilen diizeye yiikseltilmesini, yarayish fosfor
miktarmin  azaltilmas1 ve fosforun baglanmasinin
arttirlmasini sagladigi gibi ayni zamanda

mikroorganizmalarin faaliyetlerinin  arttirtlmas1  gibi
birgok fonksiyonu bulunmaktadir (Akalan, 1977).

Tarim topraklarinin pH, kire¢ ve organik madde igerikleri
ile benzer bircok calisma yapilmistir. Bunlardan en
onemlileri ayn1 bdlge topraklarinda yapilan ¢alismalardir.
Ayni1 bolgede yapilan calismada, Yeter ve Yalgin (2020)
Hatay ili Kirikhan-Kumlu bdlgesi topraklarmin pH, kireg
ve organik madde iceriklerinin belirlenmesini i¢in
yuriittiikleri ¢alismada; ¢aligma alani topraklarinin pH
icerikleri 7.95-8.43 arasinda degismekte olup toprak
orneklerinin pH’larmin tiim boélgede hafif alkalin 6zellikte
oldugu gOriilmistiir. Kirikhan-Kumlu bolgesi
topraklarinin kireg igerikleri % 0.47-26.59 olup kireg
icerikleri az kirecgli ile ¢ok fazla kiregli arasinda
degismekle birlikte, topraklarin % 11.66’s1 az kiregli, %
5.00’1 kiregli, % 35.00°1 orta kiregli, % 45.00’i fazla
kiregli ve % 3.34’1 ise ¢ok fazla kirecli goriilmiistiir.
Caligma alani topraklarmin organik madde igerikleri %
1.16-6.08 arasinda olup toprak Orneklerinin organik
maddeleri az ile yiiksek arasinda degismekle birlikte,
topraklarin % 30.00’u az, % 48.34’0 orta, % 15.00’1 iyi ve
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% 6.66’s1 ise yiiksek oranda organik madde goriilmiistiir.
Topraklarin kireg¢ ile organik madde igerigi arasinda
negatif dnemli iliski belirlenmis olup, pH icerigi ile diger
Ozellikler arasinda onemli iligkiler belirlenememistir.
Yine ayni bolgede yapilan g¢alismada, Yalgn (2020)
Hatay ili Kirikhan-Reyhanli tarim topraklarinin pH, kireg,
organik madde ve katyon degisim kapasitesi (KDK)
igeriklerinin  belirlenmesi  amacglanmistir.  Calisma
sonucuna gore; caligma alani topraklarinin pH igerikleri
7.57-8.36 arasinda degismekte olup toprak orneklerinin
pH’st tiim bdlgede hafif alkalin o6zellikte oldugu
goriilmiistiir. Kirikhan-Reyhanli tarim topraklarinin kireg
icerikleri % 5.66-51.14 olup kireg icerikleri orta kiregli ile
¢ok fazla kirecli arasinda degismekle birlikte, topraklarin
% 28.33’1 orta kirecli, % 35.00’i fazla kiregli ve %
36.67’si ise ¢ok fazla kiregli goriilmiigtiir. Calisma alant
tarim topraklarmin organik madde icerikleri % 1.42-4.10
arasinda olup toprak drneklerinin organik maddeleri az ile
yiiksek organik madde arasinda degismekle birlikte,
topraklarin % 23.33’1 az, % 48.341i orta, % 25.00’1 iyi ve
% 3.33’1 ise yiiksek oranda organik madde goriilmiistiir.

Mevcut aragtirma kapsaminda; Hatay ili Reyhanli-Kumlu
bolgesinde yer alan topraklarinin pH, kire¢ ve organik
madde igeriklerinin belirlenmesi amaglanmigtir. Caligma
sonucunda elde edilen veriler; bir yandan Reyhanli-
Kumlu bélgesi topraklarinin olusumunda temel verileri
saglayacak, diger yandan da Reyhanli-Kumlu bolgesi
topraklarinin arazi kullanim planlamalarina 11k tutacak ve
topraklarda olast kimyasal sorunlar1 ortaya c¢ikartacaktir.

2. Materyal ve Yontem
Materyal

Calismada yoreyi temsil edecek sekilde Hatay ili
Reyhanli-Kumlu bolgesindeki toprak alanlarindan 40
noktadan, 0-20 ve 20-40 cm derinliklerinden toplamda 80
toprak Ornegi usuliine uygun olarak alinmistir (Sekil 1;
Cizelge 1). Aym giin laboratuvara getirilen toprak
ornekleri gélgede hava kurusu olacak bigimde kurutulmus
ve 2 mm’lik elekten gecirilerek analize hazir hale
getirilmistir.

DRDIRD

CRASRNAZ NI

1
b

2
¢

o R
©
e IR, p— N R A I A R AN
e OSrnmoklome Noktalars
VS ns et
A et o h S m
e A A A A oA Famenavan
A DA e oS Cooag . o A A
A A A oA A oac e A Sl aeyrlives
e A A s e A A A ]
P A A A A A »nc S chr rhy

L. A tare bt

S uURIYE

Sekil 1. Alinan toprak drneklerinin Reyhanli-Kumlu ilge haritasi tizerindeki gosterimi
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Cizelge 1. Toprak orneklerinin alindig yerler

Toprak No Ornek Yeri Toprak No Ornek Yeri
1 Akkerpig 1 21 Karahiiyiik 5
2 Akkerpig 2 22 Karahtiyiik 6
3 Kumlu 1 23 Ahmetbeyli 3
4 Kumlu 2 24 Ahmetbeyli 4
5 Kumlu 3 25 Sulukéy 1
6 Pasahiiyiik 1 26 Sulukoy 2
7 Pasahiiyiik 2 27 Sulukoy 3
8 Pasahiiyiik 3 28 Karahiiyiik 7
9 Karasiileymanl 1 29 Karahiiyiik 8
10 Karasiileymanli 2 30 Karahiiyiik 9
11 Karasiileymanli 3 31 Bat1 Ayranci 1
12 Karahiiyiik 1 32 Bat1 Ayranci 2
13 Karahiiyiik 2 33 Sulukoy 4
14 Karahiiytik 3 34 Sulukdy 5
15 Ahmetbeyli 1 35 Sulukdy 6
16 Ahmetbeyli 2 36 Pagakdy 1
17 Karasiileymanli 4 37 Pasakdy 2
18 Karasiileymanli 5 38 Pasakdy 3
19 Karasiileymanli 6 39 Pasakdy 4
20 Karahiiytik 4 40 Pasakdy 5

Yontem

Topraklarin pH degerleri saturasyon ¢camuru ekstraktinda
pH metre aletinde Sl¢iilmistiir (Horneck ve ark., 1989).
Topraklarin ~ kireg  (CaCOs) igerikleri ~ Scheibler
kalsimetresi aleti ile Ol¢iilmiistiir (Nelson, 1982).
Topraklarin organik madde igerikleri, Nelson ve Sommers
(1982) tarafindan bildirildigi sekilde modifiye edilmis
Walkley-Black  yontemiyle belirlenmistir.  Toprak
ozellikleri arasindaki korelasyon ve regresyon analizleri
SPSS 17 istatistik programinda yapilmistir (Diizglines ve
ark., 1987).

3. Bulgular Ve Tartisma

Topraklarin pH, kirec ve organik madde durumlart

Arastirmada kullanilan toprak 6zelliklerinin pH, kire¢ ve
organik madde igeriklerine ait bulgular Cizelge 2’de
verilmistir. Arastirma topraklarinin pH icerigi drneklerde
en distik 6.86 iken, en yiiksek pH igerigi 8.44 olarak
belirlenmistir. Topraklarin  0-20 cm  derinligindeki
orneklerinin ortalama pH igerigi 7.56 iken 20-40 cm
derinlikteki orneklerde ise 7.78 olup iki derinlikte
ortalama olarak 7.67 bulunmustur. Toprak 6rneklerinin
Kacar (1995)’1n bildirdigi sinir degerleri gére pH’lar1 notr
ile hafif alkalin arasinda degismekle birlikte, alinan
topraklarm % 30.00’1 n6tr (6.5-7.5) ve % 70.00’1 ise hafif
alkalin (7.5-8.5) 6zellikte oldugu goriilmiistiir (Cizelge 2).
Caligmada bulunan sonuglar, bolge topraklarinda galisan
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Yalg¢in ve Cimrin (2017)’nin Hatay ili Kirikhan-Reyhanli
bolgesi  ¢ayir-mera  topraklarmin  bor  igeriginin
belirlenmesi ve topragin bazi ozellikleri ile iliskilerinin
saptanmasini amagladiklar1 ¢alisma ile uyumludur. Farkli
bir bolgede ise, Eren (2019) Kiziltepe yoresinde bugday
tarim1 yapilan topraklarin bazi verimlilik durumlarinin
belirlenmesini amagladigi c¢alismada topraklarin pH
igerigi yoniinden benzer sonuglar ortaya koymustur.

Aragtirma topraklarinin kireg igerigi 6rneklerde en diisiik
% 2.71 iken, en yiiksek kire¢ icerigi % 64.23 olarak
belirlenmistir. Topraklarin 0-20 cm derinligindeki
orneklerinin ortalama kireg igerigi % 22.55 iken 20-40 cm
derinliklerde ise % 22.13 olup, iki derinlikte ortalama
olarak % 22.34 bulunmustur. Toprak Orneklerinin
Loeppert ve Suarez (1996)’in bildirdigi degerlere gore
kire¢ igerikleri kirecli ile ¢ok fazla kirecli arasinda
degismekle birlikte, topraklarin % 7.50’si kiregli (% 1-5),
% 27.50’si orta kiregli (% 5-15), % 30.00’u fazla kiregli
(% 15-25) ve % 35.00’i ise ¢ok fazla kirecli (% > 25)
olarak goriilmiistiir (Cizelge 2). Ayni bélgede yapilan
calismada, Yeter ve Yal¢mn (2020) Hatay ili Kirikhan-
Kumlu bélgesi topraklarmin pH, kire¢ ve organik madde
iceriklerinin belirlenmesi iizerine yaptiklari caligmada
benzer sonuglart rapor etmistir. Yakin bir bolgede ise,
Keles Uzel ve Cimrin (2020) Gaziantep ili Nizip il¢esi
zeytin bahgelerinin yaprak ve toprak ornekleri ile
beslenme durumunun belirlenmesini  amagladiklar
calismada benzer sonuglar ortaya koymuslardir.
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Cizelge2. Hatay ili Reyhanli-Kumlu bélgesi topraklarinin pH, kire¢ ve organik madde igerikleri

Toprak No Derinlik pH Kireg (%) OM (%) Biinye Sinifi
1 0-20 7.69 25.80 1.04 C
20-40 7.73 25.31 0.40 C
2 0-20 7.32 64.23 2.55 C
20-40 7.39 63.14 2.65 C
3 0-20 7.44 59.91 2.89 C
20-40 7.72 58.99 2.70 SiC
4 0-20 7.12 23.86 2.09 C
20-40 7.65 22.91 1.43 C
5 0-20 7.70 28.84 1.82 C
20-40 7.39 28.44 1.77 C
6 0-20 7.56 22.31 1.51 CL
20-40 7.07 23.52 1.41 C
7 0-20 7.51 30.42 1.50 CL
20-40 7.86 31.87 1.19 SiC
8 0-20 7.48 29.07 1.78 SiC
20-40 7.96 29.52 1.70 C
9 0-20 7.75 29.15 1.61 SiC
20-40 7.31 30.81 1.52 SiC
10 0-20 7.02 29.31 1.37 SiC
20-40 7.34 28.84 1.60 SiC
11 0-20 7.84 28.60 1.53 SiC
20-40 8.19 26.94 1.36 SiC
12 0-20 7.74 25.60 1.48 C
20-40 8.10 25.68 1.69 C
13 0-20 7.74 25.83 1.27 C
20-40 8.05 27.65 1.27 C
14 0-20 7.38 14.85 1.93 C
20-40 8.44 15.49 1.83 C
15 0-20 7.86 15.41 1.71 C
20-40 7.96 13.83 1.81 C
16 0-20 7.95 12.96 1.76 C
20-40 7.91 12.69 1.52 C
17 0-20 7.34 12.67 1.63 C
20-40 8.07 11.88 1.61 C
18 0-20 7.67 14.70 1.73 C
20-40 8.11 7.28 1.85 C
19 0-20 8.06 15.27 2.09 C
20-40 7.64 14.48 2.00 C
20 0-20 7.70 15.93 1.82 C
20-40 7.74 15.59 1.30 C
21 0-20 7.24 14.67 2.08 SiC
20-40 8.18 15.72 2.02 C
22 0-20 7.66 15.96 1.33 C
20-40 7.98 16.91 1.21 C
23 0-20 7.52 15.49 1.24 C
20-40 7.76 18.65 1.16 C
24 0-20 7.81 13.75 1.25 C
20-40 8.13 13.91 1.40 C
25 0-20 6.92 13.19 1.41 C
20-40 7.86 13.83 1.66 C
26 0-20 6.86 13.27 1.62 C
20-40 7.61 12.96 1.52 C
27 0-20 7.42 16.99 1.48 C
20-40 7.67 16.83 1.42 C
28 0-20 7.51 14.77 1.40 C
20-40 7.27 14.22 1.80 C
29 0-20 7.90 12.64 1.61 C
20-40 7.41 12.64 1.72 C
30 0-20 7.50 17.70 1.64 C
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20-40 8.07 16.04 0.94 c
31 0-20 7.54 13.93 1.06 C
20-40 7.25 13.91 1.05 C
32 0-20 8.04 22.94 157 C
20-40 7.81 21.65 2.00 c
33 0-20 8.17 23.36 153 C
20-40 8.44 22.67 2.34 C
34 0-20 7.52 19.67 1.85 C
20-40 7.79 19.20 1.75 c
35 0-20 8.01 41.93 1.49 C
20-40 7.99 34.79 2.03 c
36 0-20 7.28 46.93 2.23 C
20-40 8.12 47.80 2.59 c
37 0-20 8.08 47.82 2.40 C
20-40 8.05 48.22 2.29 c
38 0-20 7.33 4.82 1.24 L
20-40 7.13 4.50 1.20 L
39 0-20 7.21 4.54 1.00 L
20-40 7.25 3.16 1.07 L
40 0-20 6.90 2.88 1.18 L
20-40 7.99 2.71 1.26 L
Min 6.86 2.71 0.40
Max 8.44 64.23 2.89
Ort. (Av.) 0-20 7.56 22.55 1.64
Oort. (Av.) 20-40 7.78 22.13 1.62
Ort. (Av.) 7.67 22.34 1.63

Topraklarinin organik madde igerigi 6rneklerde en diisiik
% 0.40 iken, en yiiksek organik madde % 2.89 olarak
belirlenmistir. Topraklarin  0-20 cm  derinligindeki
Orneklerinin ortalama organik madde % 1.64 iken 20-40
cm derinlikteki orneklerde ise % 1.62 olup iki derinlikte
ortalama olarak % 1.63 bulunmustur. Toprak 6rneklerinin
Ulgen ve Yurtsever (1995)’in verdigi sinir degerlere gére
organik maddeleri ¢cok az ile orta arasinda degismekle
birlikte, topraklarin % 3.75’1 ¢ok az (% 0-1), % 78.75’1 az
(% 1-2) ve % 17.50’1 ise orta (% 2-3) oranda organik
madde goriilmiistiir (Cizelge 2).

Ayni bdlge topraklarinda yapilan bir ¢alismada, Gokpinar
ve Yal¢in (2020) Hatay ili Arsuz bdlgesi topraklarinin pH,
kireg, organik madde ve KDK igeriklerinin
belirlenmesinin amaglandig1 calismada topraklarin %
87’sine yakinin az ile orta diizeyde organik madde
icerdigini ortaya koyarak topraklarin organik madde
icerigi yoniinden benzer sonuglar bildirmistir. Yakin bir
bolgede, Bozgeyik ve Cimrin (2020) Gaziantep ili Nizip
ilgesini temsilen secilen antepfistigi  bahgelerinin

beslenme durumlarini belirlemek amaciyla yaptiklari
calismada topraklarin organik madde yoniinden benzer
sonuglar ortaya koymuslardir.

Bazi Toprak Ozellikleri (pH, Kireg ve Organik madde)
Arasindaki Iligkiler

Arastirma konusu toprak oOzelliklerden pH, kireg ve
organik madde igerikleri arasindaki iligkiler Cizelge 3’de
verilmistir. Tablonun incelenmesinden de anlasilacagi
gibi kireg igerigi ile organik madde igerigi arasinda pozitif
onemli (r: 0.62***; Sekil 2) iliski belirlenir iken pH icerigi
ile kire¢ igerigi arasinda herhangi bir iligkiye
rastlanamamigtir. Erdogan Bayram (2019) Gediz havzasi
titiin tarim1 yapilan topraklarin bazi fiziksel-kimyasal
ozellikleri ile besin elementi igerikleri arasindaki
iligkilerin  belirlenmesinin ~ amaglandigr  ¢alismada
topraklarin kireg ile organik madde igerigi arasinda pozitif
onemli iligki belirleyerek benzer sonuglar elde etmislerdir.

Cizelge 3. Hatay ili Reyhanli-Kumlu topraklarimin pH, kireg ve organik madde 6zellikleri arasinda 6nemli bulunan korelasyon

katsayilart
pH Kireg Organik Madde
% %
pH 1.00
Kireg (%) 0.08 1.00
Organik Madde (%) 0.13 0.62*** 1.00

**%0.001 diizeyinde 6nemli
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Sekil 2. Toprak 6rneklerinin kireg ve organik madde igerikleri arasindaki iligki

4. Sonug

Hatay ili Reyhanli-Kumlu  bdlgesindeki  tarim
topraklarimin pH, kire¢ ve organik madde igeriklerinin
belirlenmesi amaci ile yapilan c¢alismada, topraklarin
biiyiik ¢ogunlugunun pH igerigi yoniinden nétr ile hafif
alkalin reaksiyonlu, kireg igerikleri bakimmdan % 65’inde
fazla ile ¢ok fazla kireg iceren topraklara sahip, organik
madde yoniinden topraklarmm % 80’in lizerinde yetersiz
organik maddeye ve bolge topraklarinin % 90 nin Kil ile
siltli kil arasinda biinyeye sahip topraklar olduklari
belirlenmistir. Arastirma konusu toprak igeriginin
tamaminda pH 8.44’nin altinda olmasma ragmen, bazi
topraklarda bu smira yakin  degerler oldugu
goriilmektedir. Ozellikle bu topraklarda dikkatli olunmast
gerekmektedir. Bu nedenle; pH’nin daha fazla
ylkselmemesi ve hatta bir miktar digiiriilmesi igin
aragtirma  alan1  topraklarinda  o6zellikle  giibre
uygulamalarinda; amonyum siilfat gibi asit icerikli
giibreler tercih edilmelidir. Ayn1 zamanda g¢alisma alani
topraklarinin kire¢ igeriklerinin ¢ok yiiksek olmasi
Reyhanli-Kumlu bolge topraklari agisindan sorun olarak
ortaya ¢ikmaktadir. Topraklarin organik madde igerikleri,
¢ok g¢esitli besin elementlerini icermesi ve giibre
Ozelliginin yani sira; topraklarin fiziksel ve kimyasal
ozelliklerini de 6nemli Ol¢iide iyilestirmektedir. Calisma
alan1 topraklarinin ¢ok fazla yetersiz organik madde
icerigine sahip olmasi topraklarin daha fazla c¢iftlik
giibresi ile organik giibrelenmeye tesvik edilmelidir. Bu
acidan bakildiginda Reyhanli-Kumlu bdlge topraklarinin
organik madde igeriginin yiikseltilmesi hem topraklarin
verimliligi hem de siirdiiriilebilirligi bakimindan biiyiik
Onem ortaya koymaktadir.

Tesekkiir

Bu calisma MY’m yiiritiiciiligindeki MKU BAP
koordinatorliigiinin -~ 19.YL.037 nolu  projesi ile
desteklenmis olup projenin bir béliimiinden tiiretilmistir.
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Abstract: With the ever-growing demands of the population and the ever-growing world of consumption and technology, the
resources of the planet Earth are limited. Some of the Earth's major resources, such as metals and minerals needed to develop the
technology and food industries, may be depleted within the next 40-50 years, based on known terrestrial reserves and increased
consumption. For industrial and technological development of humanity, new discoveries are needed in future realization as well
as future discoveries. Asteroids are celestial bodies of scientific importance to reveal the formation, chemical composition and
evolution of the Solar System. As the name implies, "Near Earth Asteroids", metal have been found to be potentially close to
possible because they are sufficiently close and can be found in precious metals and minerals. The reservoirs of important
substances such as water, metals and semiconductors can be found in these celestial bodies. Although the Asteroids and the Earth
are composed of the same elements, the Earth's relatively stronger gravity has attracted all the heavy elements to its core over time.
An asteroid rain deprived of such valuable elements results in the formation of gold, cobalt, iron, manganese, molybdenum, nickel,
osmium, palladium, platinum, rhenium, radium, ruthenium and tungsten elements (from the core to the surface). Today, these
metals are extracted from the Earth's crust and are required for economic and technological advancements. Therefore, the geological
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history of the Earth can be a very good step for the future of asteroid mining.

Keywords: Asteroid mining, REEs, technology, metals, valuable asteroids.

1. Introduction

Asteroids are celestial bodies that are of fundamental
scientific importance for uncovering the formation,
composition and evolution of the solar system (Badescu
2013). Mining an asteroid is a concept that even predates
space programs, as an idea initially proposed in the early
20th century by Konstantin Tsiolkovsky. Recent analysis
suggests that specially Near-Earth Asteroids (NEAS) are
close enough and could contain billions of dollars worth of
precious metals and minerals. Reservoirs of important
substances such as water, metals and semiconductors can be
found in these celestial bodies (Hellgren 2016).

The extraction of volatiles is currently the most realistic
near-term asteroid mining application. Therefore, several
concepts for extraction and supply of water were developed
recently (Badescu 2013). These concepts consider water
extraction for refueling of spacecraft, radiation shielding,
and potable water for life support systems in outer space
(Hellgren 2016).

In the last twenty years, a vast amount of data and results
from space missions have been collected. Observations

© EJBCS. All rights reserved.

from spacecraft are mainly used to complement theories and
findings which were deduced from ground based asteroid
data (Badescu 2013). Although a full-scale exploitation of
space resources has not been achieved yet, some minimal
asteroid samples have been retrieved for analysis and testing
on earth. The number of discovered NEAs goes beyond
15000, with an average of 30 new asteroids discovered per
week (https://www.nasa.gov/planetarydefense/fag/).
However, estimates from ground-based observations do not
guarantee the accurate composition of asteroid candidates.
Therefore, spacecraft are required for in-situ measurements
complementing the data and establishing a clear candidate
for exploitation. Current missions for asteroid mining
consider spacecraft prospection as a first step before the
extraction process. Prospection itself usually falls into three
different phases (Badescu 2013): discovery, remote
characterization, local characterization. These last two
characterization phases are endeavors are endeavors
currently pursued by asteroid mining companies using small
spacecraft
(https://www.planetaryresources.com/missions/arkyd-
301/). However, recent advances in the miniaturization of
spacecraft components and mining equipment may allow
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for a more cost effective and reliable approach to mine
NEAs overall (Calla et al., 2018).

In this article we briefly discussed the need for asteroid
mining for materials required by technology.

The Keck Institute of Space Studies mentions that there are
five categories of benefits from the return of an asteroid
sample or a full asteroid retrieval, which are:

1) Synergy with near-term human exploration,
2) Expansion of international cooperation,

3) Synergy with planetary defense,

4) Exploitation of asteroid resources,

5) Public engagement.

Two major companies, Planet Resources (PR) and Deep
Space Industries (DSI), plan to evaluate, explore and collect
space resources. These resources include metals, water, and
many useful elements for development and construction,
both in space and on Earth. Both companies make credible
claims about how they will achieve their goals (Hellgren
2016).

Although the history of the idea of asteroid mining is a
hundred years old, realistic and concrete studies on this
subject have started in our very recent past. Although its
foundations were laid primarily with official institutions
such as NASA, ESA and JAXA, private companies are
currently directing and supporting serious studies on this
issue.

For nearly 60 years, NASA dominated space, but a
revolution began when they gave up low-earth orbit to
private companies like SpaceX and Planet Labs. Fast-
moving startups have increased innovation and lowered
costs in unprecedented ways.

Planetary Resources Corporation runs the world's first
commercial deep space exploration program. The aim is to
determine the critical water resources necessary for human
civilization to have a say in a wide region in space.

Water as a resource is the first step towards creating a
civilization in space. Water is used for life support functions
and can also be refined for propellants used in rockets. PR
Company's primary goal is to identify asteroids containing
the best water source and simultaneously provide vital
information needed to construct a commercial mine that will
collect water for use in space
(https://www.planetaryresources.com/).

Planetary Resources Company aims to be the leading
resource provider for astronauts and needed resources in
space with the aim of detecting, extracting and refining
resources in near-Earth asteroids. The company's first
technological satellite, Arkyd-3, was launched from Cape
Canaveral in 2015 and deployed to the International Space
Station. This spacecraft data collection will include global
hydration mapping and underground extraction displays to
determine the amount of water and the value of available
resources. The information gathered will allow the PR
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company to design, build and operate the first commercial
mine in space

(https://www.planetaryresources.com/missions/arkyd-
301/).

Fig. 1 Arkyd-3 satellite

Deep Space Industries, or DSI, is a privately owned American
company operating in the space technology and space exploration
industries. Deep Space is the second company established to deal
with asteroid mining. DSI develops and builds spacecraft
technology that enables private companies and government
agencies to access their destinations throughout the solar system.
The stated goal of DSI is to democratize deep space access by
fundamentally changing the deep space access paradigm and
greatly reducing cost (http://deepspaceindustries.com/).

‘_\1\

Fig. 2 Xplorer spacecraft

The first of DSI's 2 major projects, Xplorer is designed to
do something that no spacecraft has ever done: it uses its
propulsion system to autonomously navigate from a given
coordinate on Earth from low Earth orbit (LEO). This
spacecraft is designed to be deployed in low earth orbit to
take advantage of its relatively low cost and high
commercial value. With this capability, it provides many
research and high delta-V applications for geosynchronous
orbit, as far away as Mars and near-Earth asteroids
(http://deepspaceindustries.com/).
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2. What is An Asteroid?

Asteroid, any of the many small rocky or metallic objects in
the Solar System, mostly lying in a zone (the asteroid belt)
between the orbits of Mars and Jupiter; also known as a
minor planet. They range in diameter from almost 2000 km
for Ceres down to less than 10 m for the smallest so far
detected. The total mass of all asteroids is 4x1021 kg, about
one-twentieth the mass of the Moon (Oxford, A Dictionary
of Astronomy, 2018). They are made from different kinds
of rock and metals, with the metals being mostly Ni and Fe.
Some of them called “minor planets” but they are smaller
than the planets or their moons. Since Chladni (1794)
published "On the Origin of the Pallas Iron and Others
Similar* to it, and on "Some Associated Natural
Phenomena" and made plausible the hypothesis that rocks
could fall from the sky, the definition of the word meteorite
has remained essentially unchanged, as reflected in the ten
quotations given above. Nearly all modern reference works
use a similar definition. Meteorites are almost always
defined to be solid bodies that have fallen through the
Earth’s atmosphere and landed on the Earth’s surface
(Rubin and Grossman 2010).

3. Classification of Asteroids

The first more complete asteroid taxonomy was based on a
synthesis of polarimetry, radiometry, and
spectrophotometry, using a survey of 110 asteroids. The
defined a class C for dark carbonaceous objects, a class with
the label S for silicaceous objects, and X for objects that did
not fit either class. This system has the disadvantage that it
was not detailed enough and is based on the exclusion
principle. The groundwork for the most complete
taxonomy, that significantly expands the previous
taxonomy has been proposed by Tholen (Tholen 1984).

Asteroids are divided into three categories according to their
structure.

3.1. C-type

C-type (carbonaceous) asteroids are the most common
variety, forming around 75% of known asteroids. They are
distinguished by a very low albedo because their
composition includes a large amount of carbon, in addition
to rocks and minerals. They occur most frequently at the
outer edge of the asteroid belt, 3.5 astronomical units (AU)
from the Sun, where 80% of the asteroids are of this type,
whereas only 40% of asteroids at 2 AU from the Sun are C-
type. The proportion of C-types may actually be greater than
this, because C-types are much darker (and therefore less
detectable) than most other asteroid types except and others
that are mostly at the extreme outer edge of the asteroid belt
(Binzel et al., 1989).

The C symbol in the asteroid species represents carbon and
the surface of such asteroids is almost as black as coal. This
type of asteroid contains large amounts of rock and metals,
as well as large amounts of carbon molecules. They are very
similar in composition to carbonaceous ‘chondrite’
meteorites. Hydrated minerals are present in C-type
asteroids. These meteorites are thought to be fragmented
during collisions between C-type asteroids.
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3.2. S-type

Accounts for about 17 percent of known asteroids.
Relatively bright with an albedo of 0.10-0.22. Composition
is metallic iron mixed with iron- and magnesium-silicates.
S-type asteroids dominate the inner asteroid belt
(https://nssdc.gsfc.nasa.gov/planetary/text/asteroids.txt).

The S-asteroid class includes a number of distinct
compositional subtypes [designated S(I)-S(VII)] which
exhibit surface silicate assemblages ranging from pure
olivine (dunites) through olivine-pyroxene mixtures to pure
pyroxene or pyroxene-feldspar mixtures (basalts). S-
asteroid absorption bands are weaker than expected for pure
silicate assemblages, indicating the presence of an
additional phase, most probably FeNi metal, although the
abundance of metallic or feldspar components is not well
constrained. The diversity within the S-class probably arises
from several sources, including the coexistence of
undifferentiated, partially differentiated, and fully
differentiated objects within the general S-asteroid
population and the exposure of compositionally distinct
units from within metamorphosed and partially and fully
differentiated parent bodies (Gaffey 1993). These asteroids
have abundant Fe, Ni, Mg, Mo, Al, Ti and Co elements on
their surface. In addition, Au, Pt and Ra are also very
abundant. Because its composition resembles our planet, It
is possible to build structures in space without taking
material from Earth.

3.3. M-type

M-type asteroids are asteroids of partially known
composition; they are moderately bright (albedo 0.1-0.2).
Some are made of nickel—iron, either pure or mixed with
small amounts of stone. These are thought to be pieces of
the metallic core of differentiated asteroids that were
fragmented by impacts and are thought to be the source of
iron meteorites. M-type asteroids are the third most
common asteroid type (Rivkin et al., 2000).

M-type spectra are flat to reddish and usually devoid of
large features, although subtle absorption features longward
of 0.75 um and shortward of 0.55 pum are sometimes present
(Bus and Binzel 2000).

16 Psyche is the largest M-type asteroid. 21 Lutetia,
probably non-metallic object, was the first M-type asteroid
to be imaged by a spacecraft when the Rosetta space probe
visited it on July 10, 2010. Another M-type asteroid, 216
Kleopatra, was imaged by radar by the Arecibo Observatory
in Puerto Rico and has a dog bone-like shape (Lupishko et
al., 1982).

There is abundant evidence, from telescope observations
and meteorite samples, that the strength and porosity of
near- Earth objects (NEOs) is related to taxonomic type and
mineral composition, with carbonaceous C-type asteroids
expected to be more porous and less robust than silicaceous
S types or M types. Impact events also suggest that there is
wide diversity in the structural robustness of impactors,
with airbursts caused by objects that disrupt violently in the
atmosphere, while similarly sized objects with a largely
metallic composition have a relatively high density and
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strength and can reach the ground to form a crater (e.g.,
Barringer Crater, Arizona), thus causing much greater
damage. Furthermore, there is currently considerable
interest in the potential of NEOs as sources of rawmaterials,
including various metals, for future activities in space and,
eventually perhaps, for use on Earth. NASA’s Asteroid
Redirect Mission concept involves capturing a small
asteroid and returning it to lunar orbit for investigations of
relevance to planetary defense and resources exploitation.

For these reasons it is important to improve our knowledge
of the mineralogical compositions of asteroids, and their
potential as future sources of economically valuable raw
materials. In this context we note that while the missions
Hayabusa (Fujiwara et al., 2006) and Stardust (Brownlee et
al., 2006) have returned material samples to Earth from the
S type NEO Itokawa and comet 81P/Wild 2, respectively,
and further sample-return missions (e.g., Hayabusa-2: Saiki
et al., 2013; OSIRIS-REx: Lauretta et al., 2012), are
currently under development, no object thought to be metal
rich is amongst their targets. Furthermore, due to their
robustness and ability to survive passage through the
atmosphere, metallic objects are disproportionately well
represented in  meteorite  collections on Earth.
Understanding the true number of metal rich objects in the
solar system remains a longstanding problem.

4. Asteroid Mining

Asteroid mining offers the possibility to revolutionize
supply and availability of many resources vital for human
civilization. Analysis suggests that Near-Earth Asteroids
(NEA) contain enough volatile and high value minerals to
make the mining process economically feasible (as shown
in Table 1). Considering possible applications, specifically
the mining of water in space has become a major focus for
near-term options. Most proposed projects for asteroid
mining, however, involve spacecraft based on traditional
designs resulting in large, monolithic and expensive
systems (Calla 2018).

Asteroid mining has been proposed as an approach to
complement Earth-based supplies of rare earth metals and
supplying resources in space, such as water. However,
existing studies on the economic viability of asteroid mining
have remained rather simplistic and do not provide much
guidance on which technological improvements would be
needed for increasing its economic viability. Both, in-space
resource provision such as water and return of platinum to
Earth are considered (Hein et al., 2018).

Fig. 3 Platinum Group Metals (PGMs)
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Existing research on asteroid mining has mainly looked into
its economic viability technological feasibility, cartography
of asteroids and legal aspects. More recently, environmental
arguments for asteroid mining have been made, in particular
with regards to platinum group metals (Hein et al. 2018).

6,60 %

2,65 %
340% \ ® oxygen
4,70 % = silicon
aluminium
750%
T = iron
w calcium
sodium
+ other elements
25,75 % 49,40 %

Fig. 4 Percentage distribution of elements on earth (HeleSicova M.,
2014)

Although the asteroids and Earth were composed of the
same elements, the relatively stronger gravity of the Earth
attracted all the heavy elements to its core in its molten
youth more than four hundred years ago. An asteroid rain,
deprived of such valuable elements, produces gold, cobalt,
iron, manganese, molybdenum, nickel, osmium, palladium,
platinum, rhenium, radium, ruthenium and tungsten (in a
flow from the core to the surface) (Brenan and McDonough
2009). Today, these metals are extracted from the Earth's
crust and are essential for economic and technological
advances. Therefore, the geological history of the Earth can
be a very good stage for the future of asteroid mining.

Earth-approaching asteroids could provide raw materials for
space manufacturing. For certain asteroids the total energy
per unit mass for the transfer of asteroidal resources to a
manufacturing site in high Earth orbit is comparable to that
for lunar materials. For logistical reasons the cost may be
many times less. Optical studies suggest that these asteroids
have compositions corresponding to those of carbonaceous
and ordinary chondrites, with some containing large
quantities of iron and nickel; others are thought to contain
carbon, nitrogen, and hydrogen, elements that appear to be
lacking on the moon. The prospect that several new
candidate asteroids will be discovered over the next few
years increases the likelihood that a variety of asteroidal
resource materials can be retrieved on low-energy missions
(O’Leary 1977).

5. Why is Asteroid Mining Needed?

The exploitation of asteroids, and in particular Near Earth
Asteroids (NEASs) has been repeatedly proposed as a source
of resources for Earth and space (Lewis 1996). Ross (2001),
distinguishes between metals and volatiles as resources
along with their use in a variety of applications such as
construction, life support systems, and propellant. In
particular, volatiles have received attention for in space use,
due to their relative ease of extraction. For example, Calla
et al., (2018) explored the technological and economic
viability of supplying water from NEASs to cislunar orbit.
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Table 1 10 most valuable asteroids according to ASTERANK
(Asteroid Database and Mining Rankings) database

Name Type Value ($) Est. Profit (§) Group
Davida C >100 trillion ~ >100 trillion MBA
Chicago C >100 trillion ~ >100 trillion OMB
Alauda B >100 trillion ~ >100 trillion MBA
Diotima Cc >100 trillion ~ >100 trillion MBA
Palma B >100 trillion ~ >100 trillion MBA
Winchester C >100 trillion ~ >100 trillion MBA
Kreusa C >100 trillion ~ >100 trillion MBA
Stereoskopia C >100 trillion ~ >100 trillion OMB
Chiron Cb >100 trillion ~ >100 trillion CEN
Siegena C >100 trillion ~ >100 trillion MBA

Only resources with a high value to mass ratio are
interesting, due to the high cost of returning such material.
Therefore, high-value metals such as rare earth metals and
in particular the subgroup of platinum group metals have
been the subject of mining studies (Andrews et al., 2015).
The supply of rare earth metals is crucial for many “green
technologies” such as fuel cells, catalyzers, high capacity
batteries, and solar cells. As as shown in Table 2 more
accessible than the Moon, near-Earth asteroids are
comprised of natural resources that will accelerate
humanity’s exploration and development of deep space.

Table 2 Semi-major axis (a), eccentricty (e) and Minimum-Orbit
Intersection Distance (MOID) values of the 10 most valuable
asteroids (Asteroid Database and Mining Rankings database)

Name a (AU) e Av (km/s) MOID (AU)
Davida 3.165 0.188  11.145 1.593070
Chicago 3.890 0.024 11.704 2.782950
Alauda 3.192 0.017  12.758 2.120800
Diotima 3.066 0.036  11.224 1.942490
Palma 3.150 0.259  11.988 1.446870
Winchester 3.006 0.339  10.423 1.088250
Kreusa 3.167 0.158  10.791 1.704160
Stereoskopia  3.376 0.119  10.768 1.978950
Chiron 13.669 0.380  11.922 7.471030
Siegena 2.900 0.169  11.557 1.440160

The rare earth elements (REE) form the largest chemically
coherent group in the periodic table. Though generally
unfamiliar, the REE are essential for many hundreds of
applications. The versatility and specificity of the REE has
given them a level of technological, environmental, and
economic importance considerably greater than might be
expected from their relative obscurity.
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High-technology and environmental applications of the rare
earth elements (REES) have grown dramatically in diversity
and importance over the past four decades. As many of these
applications are highly specific, in that substitutes for the
REEs are inferior or unknown, the REEs have acquired a
level of technological significance much greater than
expected from their relative obscurity. Although actually
more abundant than many familiar industrial metals, the
REEs have much less tendency to become concentrated in
exploitable ore deposits. Consequently, most of the world’s
supply comes from only a few sources (Haxel et al. 2002).

The diverse nuclear, metallurgical, chemical, catalytic,
electrical, magnetic, and optical properties of the REEs have
led to an ever-increasing variety of applications. The
material required by all technological devices to be
developed in these areas will not be able to meet the needs
of the growing population. At this point, demands can be
met by asteroid mining.

Extraterrestrial resources should be the basic sources of
materials for the development of humankind civilization in
space as well as they could replace the Earth’s resources
when they would be exhausted. They can be obtained from
the planets, their moons or asteroids, primarily NEOs but
also from the asteroid belt. Taking into account the
homogenous spatial distribution of metallic grains (proved
by author’s microscopic observations) and knowing the
amount of FeNi minerals in rocks with H chondrite
composition, the amount of potential FeNi resources on H
parent bodies can be calculated. It was estimated that the
iron resources from Hebe’s FeNi minerals would cover 1.3
million years of terrestrial mining production whereas
nickel resources would last for approximately 100 milion
years. A small NEO asteroid like (143624) 2003 HM16 (2
km in diameter) has resources comparable with 15 months
of mining iron production and over 100 years of nickel
production at present rate (Blutstein et al., 2018).

Many applications of REE are characterized by high
specificity and high unit value. For example, color cathode-
ray tubes and liquid-crystal displays used in computer
monitors and televisions employ europium as the red
phosphor; no substitute is known. Owing to relatively low
abundance and high demand, Eu is quite valuable—$250 to
$1,700/kg (for Eu203) over the past decade.

Fiber-optic telecommunication cables provide much greater
bandwidth than the copper wires and cables they have
largely replaced. Fiber-optic cables can transmit signals
over long distances because they incorporate periodically
spaced lengths of erbium-doped fiber that function as laser
amplifiers. Er is used in these laser repeaters, despite its
high cost (~$700/kg), because it alone possesses the
required optical properties (Haxel et al. 2002).

6. Conclusion

We need to learn about the mineral ratios of asteroids and
those that are future economically valuable raw materials.
In this context, the Hayabusa (Fujiwara et al., 2006) and
Stardust (Brownlee et al., 2006) projects returned material
samples from the S-type NEO Itokawa and comet 81P /
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Wild2 to the Earth and took more samples, respectively.
These tasks (eg Hayabusa-2: Saiki et al., 2013; OSIRIS-
REXx: Lauretta et al., 2012) are currently under development
and are not intended to generate economic profit. The
approximate number of metal-rich asteroids has been
investigated for a very long time.

Permanent magnet technology has been revolutionized by
alloys containing Nd, Sm, Gd, Dy, or Pr. Small, lightweight,
high-strength REE magnets have allowed miniaturization of
numerous electrical and electronic components used in
appliances, audio and video equipment, computers,
automobiles, communications systems, and military gear.
Many recent technological innovations already taken for
granted (for example, miniaturized multi-gigabyte portable
disk drives and DVD drives) would not be possible without
REE magnets.

Environmental applications of REE have increased
markedly over the past three decades. This trend will
undoubtedly continue, given growing concerns about global
warming and energy efficiency. Several REE are essential
constituents of both petroleum fluid cracking catalysts and
automotive pollution-control catalytic converters. Use of
REE magnets reduces the weight of automobiles.
Widespread adoption of new energy-efficient fluorescent
lamps (using Y, La, Ce, Eu, Gd, and Tb) for institutional
lighting could potentially achieve reductions in U.S. carbon
dioxide emissions equivalent to removing one-third of the
automobiles currently on the road. Large-scale application
of  magnetic-refrigeration  technology also could
significantly reduce energy consumption and CO2
emissions (Haxel et al., 2002). These rare earth elements
can be abundantly obtained through asteroid mining and
used for future technology.

Although it will reduce employment within the traditional
labor-intensive mining industry, it will also provide the
opportunity for a technological development boost that will
spawn entirely new job sectors. Society will also benefit
from new capabilities arising from increased access to
previously rare materials (Welch 2010).

There are more than 16,000 asteroids close to Earth.
Asteroids serve as a station for life in space and include
resources to carry a new journey and the continuation of the
human generation to different planets. With asteroid mining
technologies, not only the Earth, but also planets from every
corner of the universe will be candidates to be our home.
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Abstract: New technologies are developed by transforming basic sciences, education, research, production transition and
technology transfer elements into new and useful products. Thanks to new technologies, academics, students, industrial researchers
and manufacturers come together in collaborative work areas. It is seen that different technologies have emerged thanks to this
approach. Thanks to these collaborations to be developed, advanced technologies will emerge. Thanks to the collaborations to be
developed, advanced technologies emerge. One of the technologies that emerged in this way is nanotechnology. Today scientists
have the view that nanotechnology will radically changehuman life. This raises awareness of current developments and applications
in nanotechnology. It is also seen as a technological development that will guide future technologies. For this purpose, in recent
years, it has been observed that nanotechnology-based drug delivery systems have begun to be applied to intra-nasal drug delivery
in order to overcome the various limitations that arise during mucosal administration. Thanks to developments in these practices,
progress has been made in moving to the stage where Effective Drug Delivery is possible. Vaccines and therapeutic drugs,
developed on the basis of nanomedicine and currently undergoing clinical trials, offer the potential to be innovative alternatives to
combat COVID-19.

Nanotechnology acts under the dynamic conditions that create and develop it, and this is very important for its development. It is
seen that the yare confronted with the production processes, which are a top stage without fully completing their development. This
is seen as a dis advantage in terms of new technologies. Considering that this technology is still in its infancy allover the World
and causes various social pains even in developed countries, the presence of negativities is normally accepted.

In this article, developments in nanotechnology in many fields such as structural materials, food and agriculture, nano Safety,
Environment and water, health field, which stand out with their dynamic and interdisciplinary structure, will be discussed through
literature review.

Keywords: Nanotechnology, Nano dimension, Nanomedicine, Nano application, Nanotechnological effect

Nanoteknoloji Uygulamalarinda Hayatimiza Yansimalar

Ozet: Temel bilimler, egitim, arastirma, {iretim gegisi ve teknoloji transferi unsurlarint yeni ve faydali iiriinlere doniistiirerek yeni
teknolojiler gelistirilmektedir. Yeni teknolojiler sayesinde akademisyenler, 6grenciler, endiistriyel aragtirmacilar ve tireticiler ortak
caligma alanlarinda bir araya geliyor. Bu yaklasim sayesinde farkli teknolojilerin ortaya ¢iktigi goriilmektedir. Gelistirilecek bu
isbirlikleri sayesinde ileri teknolojiler ortaya cikacaktir. Bu sekilde ortaya cikan teknolojilerden biri de nanoteknolojidir. Bugiin
bilim adamlar1 nanoteknolojinin insan yasamini kdkten degistirecegi goriisiine sahiptir. Bu da nanoteknolojideki giincel gelismeler
ve uygulamalar hakkinda bir farkindalik yaratir. Aym1 zamanda gelecekteki teknolojileri yonlendirecek bir teknolojik gelisme
olarak da goriilmektedir. Bu amagla son yillarda mukozal uygulama sirasinda ortaya ¢ikan ¢esitli stnirlamalarin iistesinden gelmek
icin nanoteknoloji tabanli ilag verme sistemlerinin burun i¢i ila¢g dagitimina uygulanmaya baslandigi goézlenmistir. Bu
uygulamalardaki gelismeler sayesinde etkili ilag teslimatinin miimkiin oldugu asamaya gegme konusunda ilerleme saglanmistir.
Nanotip temelinde gelistirilen ve su anda klinik denemelerden gecen asilar ve terapdtik ilaglar, COVID-19 ile miicadele igin
yenilik¢i alternatifler olma potansiyeli sunuyor.

Nanoteknoloji, kendisini yaratan ve gelistiren dinamik kosullar altinda hareket eder ve bu onun gelisimi i¢in ¢ok dnemlidir. Tam
anlamiyla gelisimlerini tamamlamadan bir {ist asama olan iiretim islemleri ile kars1 karsiya kaldiklar goriilmektedir. Bu durum,
yeni teknolojiler agisindan bir dezavantaj olarak goriilmektedir. Bu teknolojinin tiim diinyada heniiz emekleme asamasinda oldugu
ve geligmis iilkelerde bile ¢esitli sosyal sancilara neden oldugu diistiniildiigiinde, olumsuzluklarin bulunmast normal olarak kabul
edilmektedir.

Bu makalede, dinamik ve disiplinler arasi yapisi ile 6ne ¢ikan yapisal malzemeler, gida ve tarim, nano giivenlik, gevre ve su, saglik
alan1 gibi bir¢ok alanda nanoteknolojideki gelismeler literatiir taramasi yapilarak tartigilacaktir.

Anahtar Kelimeler: Nanoteknoloji, Nanoboyut, Nanotip, Nano Uygulama, Nanoteknolojik Etki

© EJBCS. All rights reserved.


https://orcid.org/0000-0002-9086-1327

Z Tiiylek

1. Giris

Nanoteknoloji, gliniimiiziin ileri teknolojilerini kullanarak
bircok yeniligi beraberinde getiriyor. Nanoteknoloji,
giydiginiz giysiler ve giines gozliiklerinden bilgisayar sabit
disklerine ve hatta temizlik {riinlerine kadar "genellikle
dogal diinyadan ilham alan" birgok taninmig iriiniin
tiretiminde 6nemli bir rol oynar (Lines 2008). Doganin
nanoteknolojisini taklit etmek giiniimiiz teknolojilerinde
onemli bir gorev haline gelmistir. Giydigimiz giysilerden,
hastalandigimizda kullandigimiz ilaglara kadar, iginde
yasadigimiz diinyay1 degistirme kabiliyetine sahip bir
teknoloji olarak karsimiza ¢ikmaktadir (Flippino ve
Sutherland 2013). Nanoteknolojinin varligi, siirtinmeyi
azaltmak i¢in ugagin yilizeyini kaplayan nanopartikiillerden
otel havuzunun temizlenme sekline kadar farkli alanlarda
hissedilir. Nanoteknolojinin evlerimizde modern yagamin
vazgecilmez bir pargast haline geldigi de goriiliiyor. Yani
elinizi uzatirsaniz, nanoteknolojiyi kullanan teknoloji
sayesinde gelistirilmis bir¢ok seyi kesinlikle yakalarsiniz.
Ancak cogu zaman bu durum bizim tarafimizdan fark
edilemez (Ko6rozli 2016).

Nanoteknoloji, 1 nanometre (nm) ile 100 nanometre (nm)
arasindaki yapilari igeren bir teknolojidir. Baska bir degisle,
bu nanoyapilarin uygulama araligr 1-100 nm arasindadir.
Teknolojiyi anlamak i¢in, nano 6lgekli boyutlarda bunun ne
anlama geldigini diiglinmeden &nce onu baska bir boyutla
karsilagtirmak en iyisi olacaktir (Tolochko 2009). Nano
boyutu daha iyi anlamak igin, insan sa¢ kalinligi ile bir
karsilagtirma yapmak yerinde olacaktir. Bir insan saginin
capt ortalama 80.000 nanometredir. Karsilagtirma
yaptigimizda 80.000 nanometrenin bir sag teline sigmasi
anlamina geldigi goriilmektedir. O halde 1 metre
yiiksekliginde bir nesne diisiinelim. Bu cisimde boyle bir
ylikseklige ulagsmak i¢in 1 milyar nanometre pargacigin iist
iiste yerlestirilmesi gerekiyor (Appenzeller 1991).

Nanoteknoloji, yasamimizin bir¢ok alaninda bizi derinden
etkileyebilecek hatta yeni bir ¢ag agabilecek bir gelismedir.
Bugiin bu teknoloji ¢agimizin yeni sanayi devrimi olarak
tanimlaniyor. "Nano" kelimesi "fiziksel miktarin milyarda
biri" olarak tanimlanir. Nanoteknoloji, maddenin 1 ila 100
nanometre arasindaki davranigini anlama ve kontrol etme
bilimidir (Tolochko 2009). Nanomalzemelerin davranisi ve
yapisal Ozelliklerinin kontrolii bircok alanda radikal
yeniliklere yol a¢maktadir. Nanomalzemeleri biiyiik
parcaciklara sahip malzemelerden ayiran  sadece
nanopartikiillerin biiytikliigl degildir. Kimyasal reaktivite,
enerji absorpsiyonu ve biyolojik hareketlilik acisindan
farkli yapisal oOzellikler gosterirler. Nanoteknolojiyi bu
kadar ilging kilan sey, malzemeler nano 6lgekte oldugunda,
makro diinyadan ve hatta mikro diinyadan farkli
davranmalaridir (Tarhan ve ark. 2010). Giinimiiz kullanim
alanlarini inceledigimizde, saglik, ila¢ endiistrisi, tekstil,
elektronik, otomotiv, gida ve uzay gibi farkli alanlardan
bir¢ok tiriiniin gelistirildigi gériilmektedir (Serena 2016).

Gilinlimiizde kullanilan ileri nanoteknolojileri
inceledigimizde, ¢esitli alanlarda uygulamalart oldugu
goriilmektedir. Saglik alanindaki uygulamalar1

inceledigimizde hayal bile edilemeyecek bir¢ok farkl
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gelisme oldugu goriilmektedir. Bu islemin bir sonucu
olarak, ilag salim sistemleri (asilar ve terapétik ilaglar)
hastaliklar1 iyilestirir ve insan viicuduna zarar vermeden
kaybolur (Yang ve ark. 2015). Nanopartikiiller kullanarak
hastaliklarin tedavisi hedeflenen arastirmalardan biridir.
SARS-CoV-2 enfeksiyonu ile ilgili veriler SARS-CoV-
2'nin asemptomatik bulagsmasini gosterdiginden asilar
onemlidir (Luo ve ark. 2017). Ayrica, agilarin ve
terapGtiklerin gelistirilmesi, SARS-CoV-2 enfeksiyonu ile
miicadele etmek ve enfekte hastalar1 tedavi etmek igin en
cazip segenektir. Bilim adamlar1 ve doktorlar, tam viral
dogayi, enfeksiyon modunu, bulasma modunu, 6nleme,
immiino-patojenik mekanizmalar1 ve en etkili tedavi
stratejilerini arastirmak ve desifre etmek igin siirekli
calistyorlar. Bu nedenle simdiye kadar, bilim adamlar1 yeni
nano tabanli teknolojiler de dahil olmak iizere uygun nano
agsilar1 ve tedavi seceneklerini hizli bir sekilde tanimlamak
ve gelistirmek icin c¢alisiyorlar (Sahu ve ark. 2020).
Gelecekte bu g¢alismalar, tip alanminda etkili bir sekilde
kullanilacaktir. Bu amagla arastirmacilar, dogadaki
nanoyapilar hakkinda daha fazla bilgi edinmeyi
amacliyorlar Dogadaki atomik dizilim ilkesini taklit etme
iizerine kurulan ¢alismalardir (Gok 2007).

Sonug¢ olarak, nanoteknolojik gelismelerle elde edilen
iiriinlerin hayatimizin ¢esitli alanlarma girdigini goriiyoruz.
Nanoteknoloji kullanilarak iiretilen nano 6lgekli iiriinler ve
malzemeler; modern teknolojinin fonksiyonel yapisi, sekli,
boyutu ve reaktivitesi gibi fiziksel ve kimyasal
ozelliklerinin giiniimiizde neredeyse tiim sektorlerde tiretim
ve tiiketim entegrasyonunda kullanildigi goriilmektedir
(Ozkaleli ve ark. 2016). Yeni yiizyilda kritik bir teknoloji
devrimi olarak goriilen nanoteknoloji bugiin halen kulugka
donemindedir. Yeni arastirmalar sayesinde, bu kritik
teknolojinin yillar icinde gelisimini tamamlamasi ve
yasamin tiim alanlarina girmesi bekleniyor. Yeni bir
teknoloji olmasina ragmen, mevcut teknolojilere yeni bir
bakis agis1 getiriyor (Yildiz ve Segkin 2019).
Nanoteknoloji, bir yandan bilinen {iriin ve siiregler igin
teknik, ekonomik ve ekolojik parametrelerde performans
iyilestirmeleri  saglarken, diger yandan  mevcut
teknolojilerin gelistirilmesiyle olusturulan yeni iiriin ve
uygulamalar1 destekler (Namligoz ve ark. 2007).

2. Nanoteknolojinin Tarihsel Gelisimi

Nano boyutun 6neminin ilk taninmast, nobel 6diillii fizik¢i
Richard Feynman'in 29 Aralik 1959'da California Institute
of Technology'de American Physical Society'nin yillik
toplantisinda yaptig1 konusmaya dayanmaktadir. Feynman,
"Temelde yeterince bos alan var" baslikli tarihi
konusmasinda, nanometre araligindaki ilk malzemelerin ve
cihazlarin 6zelliklerinin gelecekte farkli firsatlar sunacagini
belirtmistir. Ozetle, bu tarihi konusmasinda Feynman, bazi
seyleri kiiglik 6l¢ekte manipiile etme ve kontrol etme fikrini
ifade etti (Feynman 1969). Ancak 1974'te Tokyo Bilim
Universitesi'nden ~ Norio  Taniguchi,  nanoteknoloji
kelimesini ilk kullanan kisi oldu. 1980'lerde molekiiler
tretimin temel fikirleri K. Eric Drexler tarafindan
"Molekiiler Uretim I¢in Protein Tasarim" makalesinde
tanitildi. Daha sonraki bir ¢aligmada, K. Eric Drexler, kendi
kendini kopyalayan bir "derleyici" yaratarak karmasik
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atomik dzellikler biciminde aygitlar ve yapilar olusturmanin
olas1 yontemlerini agikladi. Bu evrensel "derleyici" goriisii
tartismali olsa da, bugiin nanoteknoloji ¢aligmalarinin
onemli bir dali haline gelmistir. Bu evrensel "derleyici"
gOriigii tartigmali olsa da, nanomalzemelerin Gretimi igin
asagidan yukariya teknolojilerin kullanimina hitap eden
o6nemli bir uygulama dahdir (Maclurcan 2004).
Nanoteknolojinin gelismesini saglayan bulug, 1981 yilinda
Taramali Tiinelleme Mikroskobunun kesfi ile biiyiik bir
ivme kazanmustir (Luther 2004). Bu mikroskop sayesinde
iletken yiizeylerdeki atomlar hareket ettirilebilir. Bagka bir
deyisle, iletken ylizeylerdeki atomlarn konumu bu
mikroskop ile degistirilebilir. Bu siirecin gergeklestirilmesi,
nanoteknoloji tarihindeki bir bagka kilometre tagidir.
1985'te Curl Kroto ve Smalley, bu mikroskobu "Bucky-
ball", "fullerenes" olarak adlandirilan yeni bir nanoyapili
karbon modifikasyonunu kesfetmek i¢in kullandilar. Binnig
G. ve Rohrer H. bu alandaki ¢aligmalar1 nedeniyle 1986
yilinda Nobel Fizik Odiili'ne layik goriildii. 1990'larda
Amerika Birlesik Devletleri, Avrupa ve Japonya'daki
federal hiikiimetler, nano-elektronik, nano-materyaller vb.
nanoteknolojinin  ¢esitli  dallarindaki ~ programlarla
ilgilenmeye bagladilar. 1990'larin sonuna dogru, bu alanin
cesitli kiigiik bilimsel alanlarin yayilmasiyla degil,
nanoteknolojinin farkli yonleriyle ele alinmasi gerektigi
kabul edildi. Bu arada, neredeyse tiim sanayilesmis
iilkelerde nanoteknoloji, devlete ait arastirma ve gelistirme
programlarinin 6zel bir alani haline geldi ve arastirma /
gelistirme merkezleri kuruldu. 1991 yilinda, fullerenler
tizerinde yapilan calismalar sonucunda, esas olarak bir
silindir olusturmak i¢in yuvarlak kenarli grafit tabakalardan
olusan karbon atomlarinin tiip benzeri yapilarinin
kesfedilmesinin, elektronik miihendisliginde malzeme
miihendisliginde muazzam uygulama potansiyeline sahip
olacagi tahmin edildi. 2000 yilinda ABD'nin nanoteknoloji
yatirimi  sonucunda  birgok iilkede nanoteknoloji
arastirmalart baslamistir. Bugiin bu alandaki gelismeler tiim
hiziyla devam ediyor. Nanoteknolojinin giincel ve geligen
uygulamalarindan bazilar1 tabloda gériilmektedir (Tablo 1).

Tablo 1. Nanopartikiillerin giincel ve geligen uygulamalari
(Rittner 2002).

Elektronik, Biyomedikal, ilac ve Enerji,
Optoelektronik Kozmetik Katalizor ve
ve Manyetik Uygulamalar Yapisal
Uygulamalar Uygulamalar
Kimyasal- .
mekaniksel Antimikrobiyaller Ot°”.‘°f".’.
. katalizori
cilalama
Elektro-iletken Biyolojik geciktirme Seramik
kaplamalar ve isaretleme membranlar
Manyetik akiskan MRG kontrast Yakat pilleri
contalar
Coklu-tabakal Ortopedi ve Foto
Seramik implantlar katalizorler
kondansatorler P
Koruyucu giines
Fosforlar kremleri Propellantlar
Kuantum optik Termal sprey %mﬂm%’e
aygitlar kaplamalar ayanicii
kaplamalar
Optik fiberler Giines pilleri
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3. Nanoteknoloji ve Etki Alanlari

Nanoteknoloji bu giinlerde yaygin bir kelimedir, ancak
¢ogumuz giinlik yasamlarimiz iizerindeki inanilmaz
etkisinin farkinda degiliz. Nanoteknoloji, yaklasik 1 ila 100
nanometre arasinda bir nano Olgekte yiiriitillen bilim,
mithendislik ve teknolojidir (Tolochko 2009). Bir
nanometre bir metrenin 10-9 u kadardir. Bir gazete
sayfasinin ~ kalmhigr  yaklasgtk  100.000  nanometre
kalinligindadir. Ayni zamanda hizla genisleyen bir alandir.
Bilim adamlar1 ve mithendisler, biiyiik 6lgekli muadillerine
kiyasla daha yiiksek mukavemet, daha hafif agirlik, artan
elektrik iletkenligi ve kimyasal reaktivite gibi gelismis
ozelliklerden yararlanmak icin nano 6l¢ekli malzemeler
iiretmede biiylik basari elde ettiler. Yeni fiziksel, kimyasal
ve biyolojik 6zellikler kazandirmayi hedefleyen, yeni ve
hizla gelisen bir bilim ve teknoloji alanidir (Tarhan ve
ark.,2010). Arastirmalarda atomlarin ve molekiillerin nano
Olcekte farkli davranislar sergiledikleri goriilmektedir. Bu
yeni c¢alisma yaklasimlart sayesinde nanoteknolojinin
gelecegi hakkinda daha iyi fikir sahibi olmak ve sundugu is
firsatlarindan yararlanmak i¢in bu alanda daha iyi
konumlanmak gerekiyor (Martin-Gago ve ark. 2009). Bu
yeni yaklagim sayesinde etkilenen alanlart su sekilde
siralamak miimkiin olacaktir.

1. Nanoteknoloji bilgisayar diinyasinda 6nemli bir yere
sahiptir. Uygun kullamima sahip bir nano robot
gelistirmenin en kolay yolu, nano parcaciklarin diizgiin
bir sekilde analiz edilerek tasariminin
gerceklestirilmesidir. Nanorobotlarda nanobilgisayarlar
onemli bir kullanima sahiptir. Bilgisayarlar yapilan
islemlerin kontrol edilerek goriintiilenmesinde
kullanilmaktadir (Cavalcanti ve ark. 2008). Ilk nesildeki
bilgisayarlar, mikroislemcilerin minyatiirlesmesine tanik
oldu ve simdi nanometre Olgegi olma siirecindedir.
Giliniimiizde daha uzun Omiirlii pillerle ¢ok daha az gii¢
tilketen daha hizli, daha kiigiik ve daha giiglii bilgisayarlar
iiretmek miimkiin. Karbon nanotiiplerden yapilan devreler,
bilgisayar giiciiniin artirilmasinda hayati 6nem tasiyabilir ve
Moore Yasasinin devam etmesine izin verebilir (Brainina
ve ark. 2018).

2. Gelecegin en heyecan verici teknolojisi olan ¢ip,
bilgisayar bilimi, elektronik ve biyoloji alanlarmin bir
sonucudur. Elektronik alanda yapilan ¢alismalar kiigiik
robotlarin boylarindan ¢ok daha biiyiik isler basaracagini
gostermektedir. Yakin zamanda ¢ok daha fazla hayatimiza
girmesi beklenen nanorobotlar sayesinde gelecek nesiller
cerrahi operasyonlar ic¢in bile doktora gitmek zorunda
kalmayabilir. Nanoelektronik, fotolitografi (gelismis bir tiir
baski yontemi) ve yeni biyomateryallerin ortak
kullanilmasi, cerrahi aletlerle calisma ve ila¢ tam1 ve
dagitim1 gibi birgok alanda yaygin medikal uygulamalari
mevcuttur (Venkatesan ve Jolad 2010). Nanoelektronikte
cipler hizli, dogru, minyatiirdiir ve bir bilgisayar ¢ipi kadar
avantajli hale gelmeleri beklenebilir. Daha hizli, daha
islevsel ve daha dogru tibbi teshis ekipmani kullanmak
miimkiindiir. Cipteki laboratuvar teknolojisi, tibbi bakimin
sunumunu hizlandiran ger¢ek zamanli bakim noktas: testine
olanak tanir. Kullanilan implantlardaki nanomateryal
ylizeyler asimnmay1 iyilestirir ve enfeksiyona karsi daha
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direngli hale gelir. Bu endiistriyi bilgisayar endiistrisindeki
islemci yongalar1 kadar evrensel olarak uygulanabilir hale
getirmedeki en biiyik zorluk, yaygm uygulamay1
desteklemek  icin  ¢esitli  "anakart"  sistemleriyle
kullanilabilen standartlastirilmis bir yonga platformunun
gelistirilmesidir (Deisingh ve ark. 2009).

3. Farmasétik bilimlerin evrimini etkileyebilecek en dnemli
itici giigleri belirlemek icin farmasétik bilimler, endiistri,
diizenleme ve toplumdaki uzmanlarla yapilan tartismalara
dayanan dort potansiyel gelecek senaryosu bulunmaktadir.
Nanopartikiillerin viicuttaki farmasotik tirtinlerde emilimini
arttirmak ve siklikla birlikte kullanilan tibbi cihazlar
sayesinde ilaclarin hastalikli  bolgeye ulastiriimasini
kolaylastirmaktir.  Nanopartikiiller —ayrica kemoterapi
ilaclarmi kanser hiicreleri gibi spesifik hiicrelere vermek
igin de kullanilabilir (Murali ve ark. 2018). Ornegin
solunabilir  nanopartikiillerin ~ akcigerlere  verilmesi,
geleneksel oral veya intravendz ilag uygulama yontemleri
ile serumdaki yiiksek ilag konsantrasyonlarinin neden
oldugu yan etkiler gibi dezavantajlarin iistesinden gelir.
Akciger inhalasyon aerosolleri olarak islev gorebilen
nanopartikiiller gelistirmek igin ¢esitli nanoteknolojiler
uygulanmistir. Bu solunabilir nanopartikiiller, acrodinamik
boyut araligina uyacak sekilde bes mikrona kadar tiretilen
mikropartikiiller ~ tarafindan  kapsiillenebilir ~ veya
aerodinamik boyut araligina aglomera edilebilir. Cogu
nanopartikiiller, kolloidal dispersiyonlar1 piiskiirterek veya
kuru toz inhalerleri ve kati formda basingli 6lgiili doz
inhaleleri yoluyla dogrudan akcigerlere verilir (Yang ve
ark.2008).

4. Nanokompozitler, bir fazin nanopartikiiller, nanotiipler
veya katmanli nanoyapilar gibi nano dlgekli morfolojiye
sahip oldugu kompozitlerdir. Giiniimiizde
nanokompozitler, farkli miihendislik malzemelerinin
sinirlamalarinin iistesinden gelmek igin yararh alternatifler
saglamak tizere ortaya c¢ikmaktadir. Nanokompozitlerde
metal iyonlar1 ve metal oksitler organik modifiye
nanokiller, kitosan gibi dogal biyopolimerler, dogal
antimikrobiyel ajanlar, enzimler  ve sentetik
antimikrobiyeller kullanilir (Mohanty 2017).
Antimikrobiyal ilaglar, COVID-19 i¢in yapilan klinik
calismalarda kullanilmaktadir. Ornegin, klorokin, ritonavir,
lopinavir, ribavirin ve remdesivir, SARS-CoV-2 viral
enfeksiyonuna kars1 olumlu sonuglar
sergiler. Antimikrobiyal ilaglarin nanoenkapsiilasyonu,
COVID-19 ve diger viral hastaliklar i¢in daha giivenli
tedavilerin gelistirilmesini saglar (Mainardes ve Diedrich
2020).

Metale gore daha hafif, daha giiclii ve kimyasal olarak daha
diren¢li nanokompozit malzemelerden ara¢ pargalari
olusturarak ara¢ yakit verimliligini ve korozyon direncini
artirmaya yardimci olur. Araglarda kullanilan nanofiltreler,
havadaki partikiilleri neredeyse yanma odasina ulagmadan
once ortadan kaldirarak gaz kilometresini daha da iyilestirir
(Santosh Bahadur ve ark. 2014). Kuskusuz, malzemelerin
nasil kullanildigina dair temel anlayis nano oOlgekte
manipiile edilebilir. Nanoyapilarin ve nano islemlerin
teknolojik yeniliklere dahil edilmesi, daha iyi performansa
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sahip ucuz {irlinler iiretmemize neden olacaktir (Babatunde
ve ark. 2019).

5. Nanoteknolojideki  tekstil uygulamalari, viicut
fonksiyonlarmin ve metabolizmasinin tibbi takibini,
rehabilitasyonu ve giysiye entegre edilmis elektronik
cihazlar1 icerir. Ek olarak, bu teknolojiler sensorlerin
tekstile entegre edilmesine izin verir. Kumaslardaki
nanopartikiiller veya nanofiberler, kumasin agirliginda,
kalinliginda veya sertliginde 6nemli bir artig olmadan leke
direncini, su direncini ve alev direncini artirabilme
ozelligine sahiptir (Mattmann ve ark. 2007). Ornegin,
pantolonlardaki “nano biyiklar” onlari suya ve lekelere
kars1 direngli hale getirir. Tibbi tekstilde ise bandajlar,
plasterler, sargi bezleri, gazli bezler, tamponlar
kullanilmaktadir. Nanoliflerin yara ortiilerinde biiyiik bir
kullanim alani vardir (Annapoorani 2013).

6. Nano 6lgekli pargaciklari tantyan filtreler nanoteknoloji
kullanilarak iiretilir. 15-20 nanometre genisligindeki
nanopartikiilleri gegirmeyecek sekilde iretilen su filtreleri
bu nanoboyuttaki tiim virlis ve bakterileri yok etme
ozelligine sahiptir. Bu sayede uygun maliyetli, portatif su
aritma sistemleri gelismektedir. Bu teknoloji kullanilmasi
sayesinde lilkelerde igme suyu kalitesini artirmak miimkiin
olmaktadir (Yan ve ark. 2016).

Yapay bobrek, yapay akciger ve yapay karacigerlerde kani
filtrelemek amaci ile kullanilan cihazlar tibbi tekstil
elemanlardir. Yapay karaciger, kan plazmasini temizler.
Yapay akciger sahip oldugu gaz degistirici sayesinde kanda
olusan karbondioksiti uzaklastir, ihtiya¢c duyulan oksijeni
temin eder. Filtreleme ve gaz degistirme iglemi agamasinda
nanolif ve mikrolif membran kullanilir. Yapay bobrek ise
disardan viicuda disardan baglanarak hemodiyaliz filtresi ile
kani temizler (Lee ve ark. 2007).

7. Karbon molekiilleri nanateknolojik pekcok iiriiniin
sentezlenmesine imkan tanir. Kullaniminda avataj saglayan
yitksek dayaniklilik ve elastik modiil 6zellikleri gibi
benzersiz dzelliklere sahiptir. Karbon nanotiipler sayesinde,
spor ekipmanlarini daha giiglii ve daha hafif hale getirmek
de dahil olmak iizere cesitli ticari kullanimlara sahiptirler
(Scida ve ark. 2011). Ornegin, karbon nanotiiplerden
yapilmis bir tenis raketi, darbe sirasinda daha az biikiilerek,
teslimatin giiclinii ve dogrulugunu artirir. Nanopartikiiller
kullanilarak elde edilen tenis toplari, standart tenis
toplarindan ¢ok daha fazla sigrama o6zelligi kazanabilir.
Performans / dayaniklilik agisindan% 10-20 daha da
gelistirilmis spor aletleri pazarda daha ¢ok satan {irtinler
haline gelmekte ve nanomalzemeler bazi spor aletlerini
belki de kat kat daha iyi hale getirebilmektedir. Bununla
birlikte, onerilen ¢esitli avantajlara ragmen, teknoloji
oldukca pahali ve ugrasmasi karmasik oldugu i¢in piyasada
nanoteknoloji ile gelistirilmis pek ¢ok spor ekipmani
bulunmamaktadir (Patel 2012).

8. Giintimiizdeki gilines kremlerinin ¢ogu, daha tehlikeli
ultraviyole araligi da dahil olmak ftizere 15181 etkili bir
sekilde emen nanopartikiillerden yapilmistir. Ayrica cilde
daha kolay yayilabilme ozelligine sahiptirler. Koruyucu
giysiler ve gozliikler, giinesten kaginma, gdlge arama ve
antioksidan kullanim1 gibi davranis degisiklikleri giines
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giivenlik onlemlerini tamamlar. Giines koruyucunun cilt
kanserini dnlemedeki rolii incelenmistir. Yakin tarihli bir
rapor, gines koruyucu kullaniminin cilt kanserini
onlemedeki etkinligini belgeledi ve melanom riskinin yar1
yartya azaldigi gozlemlendi (Green ve ark. 2011).
Nanopartikiillerin ayn1 zamanda UV maruziyetini azaltmak
ve raf Omrilinii uzatmak igin gida ambalajlarinda da
kullanildig1 gériilmektedir (Erdem ve Goknur 2015).

9. Farkli amaglarla kullanilan plastik icecek siselerinde
oksijen, karbondioksit ve neme kars1 direnci ve gecirgenligi
artiran nanokil (nanoclay) iceren yapilar kullanildig:
goriilmektedir. Temel nanokil hammaddesi
montmorillonittir. Nanoclay teknolojisi yeni bir gelismedir,
ancak kil bilimi tarih Oncesi ¢aglardan beri mevcuttur.
Seramikciler antik c¢aglardan beri nanopartikiilleri
kullandilar, ancak nanoteknoloji, nanopartikiillerin bilerek
bilimsel kullanimidir. Bolluk (toprakta ve tortularda
bulunur), diisik maliyetli ve doga dostu killer ve kil
mineralleri (allofan, kaolinit, montmorillonit) nedeniyle, tip
ve eczacilik dahil birgok alanda uygulama bulmustur
(Gomes ve ark. 2007). Bu, karbonatlagsmanin ve basincin
korunmasina ve raf dmriiniin birka¢ ay daha uzatilmasina
yardimect olur.

10. Nanoteknoloji sayesinde, belirli bir kimyasali inanilmaz
derecede diisiik seviyelerde, ornegin tek bir molekiilde
milyarlarca tespit etmek igin ¢ok ¢esitli kimyasal sensorler
programlanabilir. Bu 06zellik, laboratuarlarda, sanayi
sitelerinde ve havalimanlarinda goézetim ve giivenlik
sistemleri i¢in ideal bir uygulamadir. Saglik alaninda
kullanilan nanosensorler, viicuttaki belirli hiicreleri veya
maddeleri dogru bir sekilde tanimlamak igin de
kullanilabilir. Hiicre-hiicre koordinasyonu ve adezyon
iliskileri, normal hiicrelerde gesitli biyolojik fonksiyonlarin
ylriitiilmesinden  sorumludur. Enfeksiyonlar  sirasinda
ligand-reseptor etkilesimlerinin tersine ¢evrilebilirligi, buna
baglidir. Nanopartikiiller, konakg¢1 hiicrelere baglanan
virlisii bloke edebilen umut verici antiviral ajanlardir.
PAMAM'm (poliamidoamin) ¢ok degerlikli konjugatlart,
influenza enfeksiyonlarina karsi etkili antiviral aktiviteye
sahiptir (Hassanzadeh 2020). Geleneksel biyosensorlerin
ana fonksiyonel bilesenleri, bir antikor, enzim, niikleik asit
ve tam hiicre gibi bir biyolojik tanima reseptorii; biyolojik
baglanma olaymi tespit edilebilir bir sinyale
(elektrokimyasal, optik, vb.) doniistirmek i¢in bir
doniistiiriicii; ve analit molekiiliiniin hem varligini hem de
konsantrasyonunu gosteren bir sinyal ekrani veya okumasi
(Terry ve ark. 2005). Biyo-tanima mekanizmasma gore,
biyosensorler, biyokatalitik ve biyoafinite temelli
biyosensorlerden olusan iki ana kategoriye
ayrilabilir. Biyokatalitik sistemde, biyoreseptor (enzim, tam
hiicre, doku, vb.) Analiti tanir ve analitin tiikketimine yol
acan bir reaksiyonu katalize ederken, biyoafinite sisteminde
biyoreseptdr (6rn. Antikor veya aptamer) spesifik olarak
analit ve bir dengeye genellikle ulasilir (Thévenot ve ark.
2001). Farkli transdiiksiyon yollarina goére yaygin
biyosensor tipleri listelenmekte ve her tip igin kullanilan
ilgili tipik biyolojik tanima unsurlar1 tanimlanmaktadir.

binlerce
alaninda

Bunlar,
uygulamadan

nanoteknolojinin toplumu etkiledigi
sadece birkagi. Nanoteknoloji
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yapilan basarili ¢aligmalar sayesinde hemen her giin 6nemli
gelismelerin yasandigina dair agiklamalar yapilmaktadir.
Cogu insan hala bu teknolojileri kullaniyor olsa da, onlar
hakkinda bir sey bilmiyorlar. Bilim diinyasindaki ortak
inang, nanoteknoloji bilgisini anlagilir bir sekilde
yayabilirsek, tiim bu olumsuzluklarin ortadan kalkacagidir.
Insanlar ¢ogunlukla bilim dergilerini okumuyorlar, bu
ylizden bugiin nanoteknolojide gelinen noktay1 bilmiyorlar.
Canli sistemler (mantik, bellek, hareket, kimyasal sentez,
enerji doniisiimii, hatta kendi bilincimiz) nano 6lgekli
yapisal karmagikligin dogrudan bir sonucudur. Giiniimiizde
teknolojilerinde ~ kullanilan ~ milyonlarca  sayidaki
transistorler, bilgisayarlar ve cep telefonlar1 agikga
nanoyapilardir. Bu nedenle nanoteknoloji alani, molekiiler
biyolojiden elektronige ve otesine kadar oldukca genis bir
uygulama alanina sahiptir (Chen ve ark. 2017).

4. Nanoteknoloji Nedir ve Neden Onemlidir?

Nanoteknoloji, nano uygulamanin her asamasinda atomik
6l¢ceklerde caligmak, atomlara hakim olmak ve akil yiiriitme
sonucunda bir sonuca ulagsmak icin gelistirilen bilim ve
miihendislik alan1 olarak tanimlanabilir. Nanoteknoloji
calismalarinda maddenin dogal 6zelliklerinde degisiklikler
veya ona yeni Ozellikler eklenmesi s6z konusudur. Ayrica,
belirli bir amaca hizmet edecek her seyin yapimi, kullanimi
ve diizenlenmesi i¢in gerekli arag, yapi ve sistemlerin
tasarimi ve tiretimi lizerinde ¢aligmak miimkiindiir. Giinliik
hayatta kullandigimiz bir¢ok aracin boyutundaki hizli
diislise ragmen, bir nesnenin, objenin kullanilan olaya,
duruma gore ige yarar olmasindaki kayda deger gelismeler
nanoteknolojinin 6nemli getirisidir (Tarhan ve ark.
2010). Nanoteknolojik uygulamalarin neler oldugu ve bizler
acisindan Onemini daha iyi anlayabilmek adina farkli
uygulamalari incelemek faydali olacaktir.

Deniz suyu igerisindeki tuzun ve bakterilerin, en etkin
sekilde kullanilan nanoteknoloji temelli filtreler sayesinde
temizlenmesi amagli yapilan uygulamalar her gecen giin
yayginlagsmaktadir. Nanoteknoloji boyutu kii¢iik olmasina
ragmen ¢ok biiyiik ve genis bir etkiye sahip olmakla birlikte
giniimiiz  teknolojisinde  akla gelen, ambalajdan
elektronige, gidadan savunma sanayine, optikten sagliga
(Nanotip), yapt malzemelerinden tarima kadar tim
sektorleri etkilemektedir. Yapilan teknolojik arastirma ve
calismalara  bakildiginda  ilkelerin ~ nanoteknoloji
pazarlarinin Oniimiizdeki yillarda yiiz milyarlarca dolara
ulasacag1 tahmin ediliyor. Ulkemiz acisindan bakildiginda
bag dondiiriicii hizla gelisen bir teknoloji oldugunu ve
yiikselen trendi yakalamak i¢in nanoteknoloji alaninin daha
cok  gelismesi  gerektigi  goriilmektedir.  Ayrica
nanoteknoloji  alaninda  nanosensér  uygulamalarini
goriiyoruz. Raf dmriinii uzatmak, gida bozulmalarini tespit
etmek ve gerektiginde nanoantimikrobiyal salgilamak igin
akilli paketleme isleminde kullanilmaktadir. Nano
sensorler, algilama amacli olarak kullanilan geligmis nano
yapilar olarak karsimiza ¢ikmaktadir. Nano parcaciklarla
ilgili bilgileri makroskopik diinyaya iletmek i¢in kullanilan
biyolojik, kimyasal ya da cerrahi sensér noktalaridir (He ve
Hwang 2016). Nano sensorlerin  farkli  kullanim
alanlarimdan biri akilli ambalaj {retiminde ortaya
cikmaktadir. Akilli ambalajlarin {iretiminde kullanilan
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nanosensorler sayesinde gidalardaki bozulmalar erkenden
tespit edilmektedir. Bu sayede olast bozulmalarin 6niine
gegilerek {irlinlerin ¢ope gitmesini 6nlemektedir. Yanlis
depolama uygulamalarinin 6niine ge¢mek icin giiniimiizde
bu alanda yogun ¢aligmalar yapilmaktadir (Saleh 2016).

Nanoteknoloji konusuna kisa ama 6z bir giris yapildiginda,
nanoteknolojinin etik ve sosyal ¢ikarimlara miikemmel bir
bakis ag¢is1 sundugunu da goriiyoruz. Hizla gelisen bu
onemli teknolojiyi ve beraberinde getirdigi sosyal ve etik
sorunlar1 dengeli bir sekilde anlamamiz gelecegimiz igin
onemlidir. Nanopartikiillerin biyolojik sistemler tizerindeki
toksikolojik  etkiler yaratabilecegi unutulmamalidir.
Nanoteknoloji molekiiler, hiicresel ve genetik 6zelliklerin
manipiile edilmesiyle tiptan tarima bir¢ok alanda yeni iiriin
ve hizmet gelistiren biyoteknoloji bilim dallarnin
birlesmesi sonucu olusan, biyolojik sistemleri taklit eden
sistemlerin elektronik sistemlerle uyumlu ¢alismasini
saglayan yapilardir (Fakruddin ve ark. 2012). Bu nedenle,
teknolojiyi ii¢ kisimda incelemek yararli olacaktir.
Nanoteknoloji  kapsamli  bir arastirma sonucu ile
baslatilmali, ardindan  nanoteknolojinin  etkilerini
degerlendirmek icin gerekli riskler ve diizenlemeler
acisindan temel konular ve ilkeler takip edilmelidir. Son
olarak, cevre, gizlilik, tip ve insani gelisme gibi en 6nemli
uygulama alanlar1 dikkate alinmali ve bu uygulamalarin
sosyal ve etik sonuglart dikkatle incelenmelidir (Mao ve
ark. 2016). Nanoteknolojinin riskli olabilecegi diisiincesiyle
gida ve gida benzeri iriinlerin {iretimleri asamasinda
temkinli yaklagilmalidir. En c¢ok bilinen ve satin alarak
kullanilan {irinler arasinda iletisim ve tekstil {iriinler
gelmektedir. Tiiketicilerin farkl {irin kategorilerinde firsat
algilarmin  risk  algilarindan  daha  giicli  oldugu
goriilmektedir. Ancak viicuda temas eden veya viicuda
giren iirtinlerde kullanicilarin risk algilarinin daha giicli
oldugu saptanmistir (Sufer ve ark. 2011). Arastirmalar,
normalde iyi huylu maddelerin nano Slgekli pargaciklara
dontistiiriildiigiinde  toksik  olabilecegini  gostermistir.
Kigik boyutlari, viicutlarin etrafinda kolayca hareket
edebilecekleri anlamia gelir ve genis ylizey alani / hacim
orani, onlar1 kimyasal ve biyoreaktif hale getirir. Giderek
artan toksikolojik kanitlar, nanomalzemelerin insan ve
gevre sagligi i¢in riskler tagidigini gostermektedir (Gupta ve
ark. 2018). Giliniimiizde bir¢ok toksisite mekanizmasi
arastirllmaktadir. Bu yapilarin en dnemlilerinden biri canli
dokularda reaktif oksijen tiirlerinin dretilmesidir. Bu,
DNA'ya zarar verebilir ve her hiicrede bulunan kiigiik enerji
tireten organeller olan mitokondrinin ¢alismasini bozabilir
(Ranjan ve ark. 2018).

Nanoteknoloji alaninda istihdam edilecek bireylerin egitim
almasi onemlidir. Bireyler nanoteknolojinin ne oldugu ve
neden Onemli oldugu konusunda yeterli bilgiye sahip
olmalidir. Nanoteknolojinin ve ekolojik ¢evrenin gelecegi
icin, politika yapicilar, bilim adamlar1 ve endiistri
yoneticileri ¢ok degerli bir kaynak iizerinde ¢alistiklarinin
farkinda olmalidir. Ciinkii nanoteknoloji insan hayatini
kokten degistirebilecek bir potansiyele sahiptir (Duncan,
2011). Bu nedenle, biiyiik bir risk olmadan dnce ¢evreye
dikkatle bakmali ve bununla basa ¢ikmak icin bilingli
onlemler almaliyiz. Nanosensorler, insan faaliyetlerinin
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cevre Uzerindeki etkilerini dogru ve hizli bir sekilde
belirlememizi ve izlememizi saglayacak yapilardir. Bir risk
normalden daha biiylik oldugundan, ¢evreye verilen zarari
azaltmak icin nanoteknolojik ¢o6ziimler kullanilabilir.
Nanoteknoloji, mevcut kirlilikleri iyilestirmemize ve
mevcut kaynaklarimizin uygun sekilde kullanilmasina
yardimc1  olur (Ahmadi ve ark. 2019). Giiniimiiz
nanoteknoloji sayesinde insanlarin goriis alaninda beliren
sanal bir ekrana bilgi aktarmasi, nanoteknoloji {iriinii bir
bilgisayar igeren kontakt lenslerin kullanimi gelecekte
hayatimiza  girecek ifadelerini  kullanmak  yanlig
olmamalidir. fleri teknolojileri kullanan malzeme bilimi ve
nanoteknoloji alani incelendiginde, insanlar1 bekleyen
gelismeler ve siirprizler karsisinda ne kadar heyecanh
olduklar1 goriilmektedir. Bugiin, tiim gelismelerin ana
kaynag1 malzeme kokenlidir. Nanopartikiillerin
iiretilebilmesi igin nanoboyutta temel fizik ve kimya
bilgilerinin  anlagilmast  ve  nasil  ticari  hale
getirilebileceginin bilinmesi gerekmektedir (Charinpanitkul
ve ark. 2008). Yeni nanomalzemelerin hayatimiza girmesi
ile birlikte kullandigimiz bilgisayarlar ve cep telefonlari
gibi daha bircok iirin giin gectikge boyutsal olarak
kiigilmektedir. Ancak bu kiiciilme islevselligi {izerinde
daralmaya yol agmamaktadir. Omegin daha kullanish
olmast nedeniyle (kullanim agisindan) ¢ogunlukla biiyiik
boyutlu iriinler tercih edilse de kii¢iik boyuta sahip cep
telefonlar1 daha ¢ok tercih edilmektedir. Ister kiigiik ister
biiyiik olsun, hi¢ olmadigi kadar dayanikli ve kullanish
malzemelerin gittik¢e daha fazla kullanimda yer aldiklarin
gormekteyiz.  Bugiin, nanomalzeme  teknolojisini
inceledigimizde hayatlarimizi kokten degistiren
uygulamalarin artmaya bagladigini goriiyoruz. Elektron
mikroskop teknolojisindeki hizli gelismeler sayesinde,
dogada hali hazirda bulunan nanomalzemeler gozlemlendi.
Bu gelisme sayesinde bugiin nanomalzeme {izerinde yapilan
caligmalarda kontrol saglanmaktadir (Glizeloglu 2015).
Gelisen teknolojiye paralel olarak nanoteknolojiye olan
talep her gecen giin artmaktadir. Sonug olarak, malzeme ve
nanoteknoloji mezunlar1 igin is firsatlar1 her gegen giin
artmaktadir. Bu boliimlerden mezun olan bireyler; malzeme
iretim alanlar1 (seramik, cam, polimer ve kompozit),
metalurji sanayi, savunma sanayi, saglik sektorii, uzay,
otomotiv, beyaz esya, kimya, tekstil, plastik, elektronik gibi
alanlar basta olmak flizere tiim iretim alanlarindaki
sektorlerde is imkanina sahip olmaktadir. Nanoteknoloji,
insan yasaminda ve bilim diinyasinda biiyiik firsatlar sunan
bir teknolojidir. Nanoteknoloji ile iiretilen iiriinler; malzeme
ve imalat sektorii, nanoelektronik ve bilgisayar
teknolojileri, havacilik ve uzay arastirmalari, tip ve saglik,
gevre ve enerji, biyoteknoloji ve tarim, savunma, bilim ve
daha bir¢ok alanda kolaylik saglamaktadir. Son yillarda,
dinyanin dort bir yanindaki birgok bilim insani
nanoteknoloji egitimi aldi, boylece her alanda bilimsel
sigramalar yasandi (Gunasekera ve ark. 2009).

Dogal yasamda bitkiler nanokristallerde bulunan enerjiyi
kloroplastlarinda tutar nanoteknoloji ise bu islemi nano
Olcekte yapmaya calisir. Ciinkii nanoteknoloji  aymi
zamanda enerji depolama siirecinde de kullanilmaktadir.
Nanoteknoloji, uygun depolama i¢in daha verimli ¢oziimler
sunmaktadir. Giiniimiizde, enerji depolama sorunu en
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biiyiik ikilemlerden biridir. Bugiin bu zorluga nanoteknoloji
ile meydan okumaya c¢alisilmaktadir. Nanoteknolojinin
uygulanmasi, temiz enerji {lretiminin  verimliligini
artiracaktir. Nanoteknolojik ¢aligmalar sayesinde fosil
enerji yerini yenilenebilir enerjiye birakacak. Yenilenebilir
tarimsal materyallerin veya gida atiklarinin enerjiye ve
yararli yan firiinlere doniistliriilmesi, nanoteknoloji ile
biiylik 6lciide gelistirilebilecek ¢evre odakli bir aragtirma
alamidir (Adeola ve ark. 2019). Ornegin, giines pilleri,
riizgar, deniz ve jeotermal enerji nanomalzemeleri
kullanarak verimli bir sekilde ¢ok fazla enerji tiretebilir.
Nanoteknoloji, malzemenin  insan  faaliyetlerinden
kaynaklanan kirleticilerin ¢evreye girisini etkin bir sekilde
azaltacak  sekilde tiiketilmesine neden  olmustur.
Nanoteknoloji kullanan endiistrilerdeki degisikliklerin
ardindan, c¢evrede sindirilebilen ve baska bir metaya
donistiiriilebilen  malzemeleri  iiretebiliyoruz.  Bazi
endiistrilere yonelik planli bir hareket, gevresel zararin
azalmasma neden olacaktir. Temiz yenilenebilir enerji
nanoteknoloji ile miimkiindiir (Babatunde ve ark. 2020).

Nanoteknoloji ayni zamanda gida iiretimi alaninda devrim
niteliginde yenilikler getirmektedir. Nano 6l¢ekte ¢alisarak
gida kalitesi iyilestirilir ve kirlilik azaltilir. Gida iiretiminin
her asamasinda nanoteknoloji kullanilarak ¢esitli {iretim
yollar1 gelistirilir. Ambalajlama, biyolojik koruma, gida
transferi gibi  bircok alanda  smirlama  yoktur.
Nanopartikiller gidayi daha glivenli, taze, saglikli ve lezzetli
tutarak anti-bakteriyel ve anti-mikrobiyal &zellik saglar
(Neethirajan ve Jayas 2011). Hangi sektorde galisirsaniz
calisin, nanoteknoloji uygulamalari mutlaka yer alir. Bu
uygulamalarin bazilart bugiin kullanilmaktadir. Ancak
bazilar1 hala gelistirme asamasinda bulunmakta ve {izerinde
calismalar devam etmektedir. Ileri teknolojiler sayesinde
nanoteknolojik arastirmalar tiim hiziyla devam etmektedir.
Hicbir sey, nanoteknoloji uygulama tekniklerinin
kullaniminin yayginlasacagi kadar belirgin degildir. Ortaya
¢ikan nano boyut, tirline yeni ve ilging dzellikler kazandirir.
Ancak giivenlik agisindan tehdit edici bir faktor olabilecegi
diistiniilmektedir. Nanoteknolojinin saglik ve ¢evre
acisindan bir tehlike olabilecegine dair endiseler var. Bu
endiselerin ana kaynagi, nano iiriinlerin ¢ok kiigiik boyutlar1
nedeniyle beklenmeyen etkilesimlere neden olabilme
endisesidir (Elmarzugi ve ark. 2014).

Giliniimiizde, molekiiler goriintillemede birgok farkli
molekiil tirii kullanilmasina ragmen, nanoteknolojinin
kullanim1 basta kanser olmak {izere cesitli hastaliklarin
erken teshisi, dogru teshisi ve kisisel tedavisi igin biiyiik bir
potansiyele sahiptir. Bu uygulamalar nanotip olarak
karsimiza ¢ikmaktadir. Saglik alaninda kullanilan implant
malzemelerinin {iretiminde nanoteknoloji uygulamalari
goriilmektedir.  Nanoteknoloji  uygulamalar1  ayrica
kisisellestirilmis  tibbi uygulamalarda gergeklestirilen
hastaya 0zgili tedavi yontemlerinde de one c¢ikmaktadir
(Supuren ve ark. 2007). Nanotip alanindaki bilim adamlari,

cesitli  nanosistemlerin  ve viral vektdrlerin  gen
transdiiksiyon  yetenegini yiiksek bulagiciliga nasil
baglayacaklarini stirekli olarak aragtirryorlar.

Nanomalzemelerin, yiizey oksidasyonu kolaylastirdigi,
toksik iyonlar1 serbest biraktirdigi veya fototermal bazli
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reaksiyonlarin viral partikiil baglanmasini/penetrasyonunu
inhibe ettigi viral bulagmay1 6nledigi gortilmiistiir (Balagna
ve ark. 2020). Nanopartikiiller ve viriisler ayni 6lgekte
hareket ederek, nanoteknoloji yaklasimini as1 gelistirmede
cok giiclii hale getirmektedir. Nanopartikiiller, viriislerin
yapisal ve islevsel oOzelliklerini yeniden iiretebilen
araglardir. Bu nedenle nanotip, yenilik¢i asi gelistirme
teknolojilerine en iyi alternatif olabilir (Saglam ve Emul
2016). As1 teknolojisinin gelisimi agisindan bakildiginda,
SARS-CoV-2'nin diinya ¢apinda biiyiikk bir tehdit oldugu
giinlimiizde en 6nemli sey, nanoteknoloji ve nanotip, klinik
etkisi olabilecek yeni terapotik teknolojiler ve yaklagimlar
olarak sunulmaktadir (Qi ve ark. 2019).

Giliniimiizde iiretilen malzemelerde kaplama isleminin
iiriinlerin korunmasi icin kullanilmast yeni uygulanan bir
yontem degildir. Nanoteknoloji alaninda yasanan ilerleyise
kadar, kaplamalarin kesin bir yasam dongiisii vardi. Uriinler
eskidikleri zaman, ya bakimlar1 ya da toptan bir degisim s6z
konusu olmaktadir. Bu bakim siireci bazen bir kaplama
olarak karsimiza c¢ikmaktadir. Gilinlimiizde gelistirilen
nanokaplama sayesinde birgok alanda en iyi kaplama
tekniginin uygulanmasina tanik oluyoruz. Ciinkii yapilan
islem bir kaplamadan ziyade {irlin ylizeyinde ayr bir cilt
gorevi gormektedir. Geleneksel kaplamalarda, temel {iriinde
engelleme s6z konusu iken; nano kaplamalar iiriiniin
rengini, yapisini, nefes alabilirligini ya da diger yiizey
ozelliklerini degistirmezler. Ayrica ¢ok dayanikli bir yap1
saglarlar. Ciinkii nanokaplama malzemenin yiizeyini
nanoboyutlu yapilardan olusan bir tabaka ile kaplar.
Kimyasal ve fiziksel degisiklikler, yilizey nanoboyutlu
tanecikler sayesinde daha diizgiin bir sekilde kaplanarak
elde edilebilir. Nanokaplamalarin ¢evre dostu olmasi, yiizey
piiriizliliginiin azaltilmasi ve daha ekonomik olmasi gibi
birgcok avantaji mevcuttur (Ates ve ark. 2012).
Nanoteknolojide malzemeler atomik ve molekiiler
boyutlardan baglayarak insa edilmektedir. Bunun igin
gelistirilen gelencksel yontemler kullanilir. Kullanilan
yontemlerle elde edilen malzemeler digerlerine gore daha
saglam ve hafiftir. Bu malzemeler, daha diisikk hata
seviyeleri ve essiz dayaniklilik giigleri ile mevcut birgok
endiistriyel siire¢ icin devrimsel yenilikler getirmektedir.
Essiz ve olagandist ozellikleri ile nanokaplamalar ve
malzemelerin liretim yontem ve tekniklerinin geligmesine
imkan tanir (Ozdogan ve ark. 2006). Nanokaplamalar,
sanayi alaninda nanoteknolojinin nasil kullanacagina dair
ornek olusturmaktadir. Nanokaplama, inanilmaz derecede
koruyucu bir potansiyel saglar. Boyali veya mineral
ylizeylere, cam, seramik, metal, plastik, ahsap ve tekstil
iriinlerine uygulanabilir. Nanokaplamalarinin su itici
Ozelliklere sahip olmasmin yaninda kendi kendilerini
temizleme 6zellikleri de vardir. Cizilmelere, UV 1sinlarina
ve bozunmaya kars1 milkemmel koruma saglar. Isin 6zii,
gelecek nanoteknolojidedir. Nanoteknoloji, diinyay1 nasil
gordiiglimiizii ve ona nasil yaklagsacagimizi degistirmekte
ayrica olusturdugu potansiyel acisindan  gercekten
inanilmaz.

Nanoteknolojinin en yaygm kullanilan alanlarindan biri
kozmetik alanidir. Nanorobotlarin yapisi, i¢ ve dis olmak
iizere iki kisimda olugsmaktadir. Dis yapisi, viicudumuzda
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bulunan bir¢ok kimyasal siviyla temas edebilecek dayanima
sahiptir. igyapisi ise tamamen kapali ve gerekmedikge stvi
gegisine izin vermeyen bir vakum yaklagimi sergiler.
Omegin giiniimiizde kullamlan kozmetik iiriinlerde
nanorobot  uygulamalarina  sikga  rastlanmaktadir.
Nanorobot igeren kozmetik kremler, ciltteki tim oli
hiicreleri temizleyebilir, fazla yaglari alabilir ya da cildin
beslenmesi igin gerekli olan maddeyi saglayabilir.
Kremlerde kullanilan nano tozlar, onlarin etkin olduklari
alanlar1  belirlemektedir  (Senel  2009).  Giinesten
koruyuculardaki koruyucu faktorler, nano olgege eklenen
oksit tozlarinin  miktarina bagli olarak  degisir.
Nanomalzemeler, tasarimlarinda ve formiilasyonlarinda
yapilan kasith se¢imler nedeniyle daha riskli hale
gelebilir. Kigisel bakim {iriinlerinde, nanopartikiiller
genellikle cilde daha etkili bir sekilde niifuz etmek igin 6zel
olarak tasarlanmistir. Pek ¢ok tiriin, aktif bilegsenlerin cilde
girmesine yardimci olan 'gecirgenlik artiricilar' igerir (Katz
ve ark. 2015). Ayrica temizlik sektoriinde hizli gelismeler
yasanmaktadir. Kendi kendini temizleyen nano boyalar
giiniimiizde yaygin olarak kullanilmaktadir. Ozellikle
tekstil sektoriindeki nano uygulamalar inanilmaz boyutlara
ulagmaktadir. Burusmayan gémlekler, 1slanmayan mayolar,
askerler igin kir tutmayan ¢amasirlar, kokmayan coraplar,
yliksek katli binalardaki kir tutmayan camlar en 6nemli
iriinlerdir. Yapilan ¢aligmalarin ileri seviyelerde olmasi
nedeniyle yiiziiciiler i¢in yunus balig1 derisi ile ayn1 6zellige
sahip olan ve daha hizli hareket etmeyi saglayan mayolar,
kosucular riizgar etkisinden koruyarak siirtiinmeyi azaltan
giysiler bu uygulamalarindan bazilaridir.

Akillt cep telefonlart i¢in dokunmatik camlarin {iretimi
nanoteknoloji ic¢in verilebilecek bir diger uygulamadir.
Uretim sirasinda, camdaki sodyumun uzaklastirilmasi ve
yerine nano boyutlu potasyumun yerlestirilmesi camin
kirtlmaya karsi daha dayanikli olmasini saglar. Ekran
camlarmin arkasimna uygulanan 10 nanometreyi asan
kaplama islemi sayesinde dokunmatik ekran ozelligini
kazandirilir. Nanoteknoloji ayrica yaliim alaninda da
kullanilmaktadir. Nanoteknoloji ile firetilmis UV ve
kizilotesi 1sinlar1 gegirmeyen camlarin evlerde kullanilmasi
sayesinde yazin serin, kigin sicak olmasi saglanmaktadir.
Daha da ilging olani, tarih boyunca pis ve kotii kokular
ortadan kaldirdigr bilinen giimiis (Ag) elementinin,
nanoboyutlarda  buzdolab1  {iretiminde  kullanilmasi
sayesinde kokmayan buzdolaplar1 dretilmektedir. Ek
olarak, nanoboyutlu giimiis tozlari saglik alaninda bir yara
iyilestirici krem olarak yaygin kullanimi s6z konusudur
(Faghihi ve ark. 2018). Dogada bulunan niliifer ¢i¢eginin
nanoteknoloji  igin  bir ilham kaynagi oldugunu
goriilmektedir. Lotus ¢icegini taklit eden nanoteknoloji

sayesinde suyu tutmayan ve 1slanmayan yiizeyler
tiretilmektedir.  Nanoteknolojinin ~ goézliik camlarinin
renklendirilmesinde  nanoboyutlu  metalik  iyonlar

kullandigin1 goriiyoruz. Kendi kendini temizleyen nano
kaplama ve boyalar sayesinde evlerin ve arabalarin sadece
giines 15181 ile temizlendigi goriilmektedir (Bao ve ark.
2019).

Nanoteknolojiler, strdiirtilebilirlik g0z onilinde
bulundurularak tasarlanmadiklari takdirde, bir dizi ekolojik
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ve saglik zararina neden olabilecek yeni teknolojileri birgok
yonden Orneklemektedir. Yine de bu tir gelisen
teknolojileri yonetirken temel sorunlarla karsi karsiyayiz.
Yesil nanoteknoloji su anda nanomalzemeleri rasyonel
tasarim yoluyla daha giivenli hale getirmenin bir yolu olarak
gelistirilmektedir. Nanoteknologlar toplumsal kaygilara
katilma yiikiimliiliigiinii ve yalnizca g¢evresel saglik ve
giivenlik sorunlarmi ele almak i¢in sinirlt ylikiimliilikleri
tek tip olarak kabul etmemektedir (Johansson ve ark. 2017).
Omegin giiniimiizde nanoteknoloji sayesinde damar ve
doku i¢inde hareket eden ilaglar (ilag tasiyict nanosistemler)
ancak kanserli hiicrelere aktarilabilmektedir. Nano
tagtyicilarin  ilag dagitim sistemlerine dahil edilmesi,
hastaliklarin tedavisinde 6nemli bir iyilesmeye yol agmustir.
Saglik alaninda, ilaglarin toksik etkilerini azaltmak ve ¢oklu
ilag direncini 6nlemek i¢in kanser ilaglarinin salinmasina
yonelik caligmalarin siirdiigi goriilmektedir (Schiener ve
ark. 2010). Kanser hiicreleri kontrollii ila¢g salim1 ve nano
boyutlu tozlarla tedavi edilmektedir. Bu uygulama
nanoteknolojinin tiptaki en Onemli uygulamalarindan
biridir. Nanoteknoloji, bulasici hastaliklarin
arastirilmasinda da c¢ok etkilidirr Bu amagla klinik
mikrobiyologlara tanidan tedaviye kadar bir¢ok yeni firsat
sunmaktadir. (Saleh 2016). Ornegin, eksozomlar, herhangi
bir hiicre-hiicre iletigimi tiirii i¢in salgilanan, 30 nm ila 150
nm boyutundaki kii¢iikk nano pargaciklardir. Tedavi ve
teshis arastirmalarinda nihai hiicre yenilenmesi olarak
goriinen nanomalzemelerdir (Patil ve Rhee 2019). SARS-
Cov proteinini igeren eksozomlarin, SARS-Cov proteininin
bir asist ile hazirlayarak ve ardindan bunu bir adenoviriis
vektor agisi ile giiglendirerek hizlandirilmis bir nétralize
edici antikor titresini indiikledigi bildirilmistir (Kuate ve
ark. 2007). Nanoteknoloji, kanser teshisinde oldugu kadar
tedavisinde de bircok Onemli uygulama sunmaktadir.
Nanoteknoloji bugiin kanser hastali1 i¢in erken teshis ve
etkili tedavi sunmaktadir. Bu erken teshis ve tedavi
imkanlar1  sayesinde  kanser  ¢ogunlukla  tedavi
edilebilmekte, yiiksek iyilesme orani ve diisiik 61iim oranina
sahip bir hastalik haline gelebilmektedir (Yula ve ark.
2010). Kanser hiicrelerinin tedavisi, nanoteknolojinin tip
alanindaki en 6nemli uygulamalarindan biridir. En fazla
arastirmanin yapildig1 ve gelismelerin hastalar igin olumlu
sonuglar verdigi goriilmektedir. Kanserli hiicrelerin yok
edilmesinde kullanilan olumlu bir gelismedir. Giinlimiizde
saglik alaninda 6nemli ¢alismalar yiriitiilmektedir. Elde
edilen veriler ise umut vericidir. Gelismeler Oncelikle
antitiimor tedavisi igin yapilmaya baglanmistir. Daha sonra
ateroskleroz igin nano temelli tedavi stratejileri
tasarlanmigtir (Oylar ve ark. 2011).

5. Sonuc ve Oneriler

Teknolojinin her ¢agda kendine 6zgii yasalar1 vardir. Bu
yasalarm var oldugu ve insan yasamini dogrudan etkiledigi
goriilmektedir. Bu nedenle teknolojik yenilikler, insanlarin
diizenli bir hayat siirmeleri i¢in olusturulmus ve yasal
cergevesi tamimlanmis hukuki, politik ve sosyokiiltiirel
boyutlu diizenlemelerdir. Bu ¢ok boyutlu diizenlemelerle,
kisisel haklara ve giivenlige duyarli, teknolojik etik ve
mahremiyete onem veren bir toplum yapisinda, yasama dair
sorunlarin ¢dziimiinde 6nemli bir asama kaydedilmesi
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miimkiindiir. Bunun sonucu olarak, bireyler {iretilen
iiriinlere daha olumlu yaklasmaktadir. Her yeni teknolojide
oldugu gibi, nanoteknolojide de 6n goriilemeyen durumlar
s6z konusu olabilir. Onemli olan bu istenmeyen durumlarin
onceden oOngoriilebilmesi ve tedbirlerin alinmasidir. Bu
sekilde elde edilen iiriinlerin ekolojik ¢evre i¢in olumsuz
sonuglart olmayacaktir. Bu uygulama nanoteknolojinin
gelismesi agisindan son derece onemlidir. Aksi takdirde
gelecekte toplumu  etkileyecek —siirprizlerin - ¢ikmast
kaginilmaz olacaktir. Bu da imal edilen iiriinlere bireylerin
yaklasimini olumsuz yonde etkileyecektir. Sonug¢ olarak
ekolojik ortamda meydana gelen olumsuzluklar saglik
acisindan istenmeyen durumlarin gelismesine neden
olacaktir. Nanoteknoloji alani incelendiginde, bugiin bir¢ok
irin  gelistirildigi  goriilmektedir.  Virtisle savasan
nanoteknolojilerdeki birikmis ilerlemeler, SARS-CoV-2
tedavisi ve as1 gelistirmenin bir sonraki seviyeye
tasinmasinda Onemli rol oynayacaktir. SARS-CoV-2
enfeksiyonunu Onlemeye yonelik asilar, pandemiyi
durdurmak icin en umut verici yaklagim olarak kabul
ediliyor ve siddetle takip ediliyor (Filipponi ve Sutherland,
2012). Biyo-ila¢ uzmanlar1 ilag, as1 ve antikor
kombinasyonlarin1 tanima, engelleme ve etkisiz hale
getirme iglevi géren yeni terap6tik ajanlari arastirmaktadir.
Simdi nanotip yardimiyla virlisiin adim adim {istesinden
gelme yoniinde caligmalar yapilmaktadir (Wilde ve ark.
2018). Elde edilen {iriinler ¢evre ve insan sagligi agisindan
dikkatle kontrol edilmelidir. Ciinkii nanoteknoloji bugiin
her alanda faaliyet gOsteren yeni bir teknolojidir.
Hayatimizin her asamasinda karsimiza ¢ikan uygulamalari
vardir. Gelistirilmek amaciyla nanoteknolojik arastirmalar
yapilmaktadir. Bu aragtirmalar paralelinde toksik etkilerin
arastiritlmasi dnemlidir. Cevre ve insan sagligi agisinda ¢ok
onemlidir. Diizenleyici makamlar ve mevzuat, tim
ekosistemdeki toksik etkilerini tespit etmek, dogrulamak ve
azaltmak ic¢in nano malzemelerin siirdiiriilebilir kullanimina
yonelik yol haritalar1 ve yonergeler saglayabilir. Saglanan
terapdtiklerin, motor koordinasyon, motor fonksiyon ve
toksisite agisindan hasta {izerinde ¢ok az yan etkilerinin
olmast veya hi¢ olmamasi beklenir (Kaushik ve ark. 2019).
Bu amagla COVID-19'un neden oldugu karmagik durum
nedeniyle, kiiresel olarak ¢esitli alanlardaki aragtirmalarin
daha verimli olmas1 i¢in mevcut platformun degistirilmesi
gerektigi diisiiniilmektedir. Bu nedenle, nanoteknoloji ve
nanotip, aragtirma ve gelistirme paradigmasindaki bu
degisime uygulanabilir alternatifler olabilir (Silindir ve ark.
2012).

Nanoteknolojinin bugiin ulastig1 nokta ve her gegen giin
daha da ivme kazanmasi, yonetmeliklerin teknoloji
karsisinda yetersiz kalmasina neden oluyor. Bu da
bireylerin yeni teknolojilere siiphe ve giivensizlik ekseninde
yaklagmasini neden olmaktadir. Oysa teknolojinin, kendini
olusturan ve gelistiren dinamik kosullarla birlikte hareket
etmesi gerekir. Nanoteknolojinin, tam anlamiyla gelisimini
tamamlamadan bir {ist asama olan iiretim siireciyle kars1
karstya kaldigi goriilmektedir. Bu durum, bu teknolojiler
acisindan bir dezavantaj olarak kabul edilmektedir. Bu
teknolojinin tiim diinyada ve hatta gelismis lilkelerde hala
emekleme doneminde oldugu disiinildiginde, c¢esitli
sosyal sancilara yol agtig1 goriilmektedir. Nanoteknolojide,
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diinyaya yon veren doniisiimii yakalamak ve yonetebilmek
i¢in tiim iilkeler sorumluluk almali ve titizlikle ¢aligmalidir.
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