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Abstract: The object of this paper are some considerations on the geologic features
of the region north to Shkumbin river in Albania based on the latest data from the
complex studies on the relations of Kruja and Ionian zones with the South Adriatic
basin. The paper highlights the tectonic features of the prognosis deep structures,
facies types etc. The folding phases for this region are of Chattian, Burdigalian and
Tortonian when the structures of the eastern part of Kruja zone are folded at an earlier
geologic time as compared to the structures foreseen to be encountered at the western
part of region. The lower tectonic stage in the studied region, as compared to the know
structures of lonian zone to the south and of Kruja zone in the east, appear with less
developed tectonics and less effected by the folding tectonic phases. The influence of
these folding phases over Kruja and lonian tectonic zones has been considerable
causing a mighty folding of structures and at the same time their big overlapping to
the west. These facts drive us to the conclusion that the Ionian zone structures and
consequently the separate tectonic belts within this zone must not extent to the north.
Key words: Kruja and lonian zone, tectonic, structures.

Introduction

The study region represents a very complicated geological area, where three tectonic zones
collides: 1- Kruja tectonic zone in the east; 2- Ionian tectonic zone in the south; 3- Southern extension
of the Adriatic Basin, Fig.1. There have been various opinions about the interpretation of the tectonic
style in this region, which have been the subject of discussion among geologists, such as the relationship
between the orogeny and platform zones, the possibility of introducing the "Sazan" zone toward the east
in the northern part of the Patos-Verbas structure. These problems still have not received a solution and
their clarification in the future, requires the completion of additional works of wit some complex
methods. This paper will provide some consideration on these problems. The solution of these problems
has a great importance in the future for more accurate orientation of the research work on the limestone
formation. The information from the previous works as well as the new geological data received from
the geological study methods done in the area during the last years, have been used for the preparation
of this paper.

The stratigraphy and the folding phases

The oldest deposits of the Upper Cretaceous outcropped in the eastern part of the study area
over Kruja, Ishém, Tirana and Dajti structures. These deposits are represented by dolomitic limestone
and organogenous - detritic limestone. These deposits are documented from the wells drilled in this
region. The Paleocene-Eocene micritic limestone are placed with hiatus over the Upper Cretaceous
deposits through a bauxite horizon (Velaj, 2012).

The terrigenous deposits (flysch-flyschoidal formation) of Lower Oligocene to Burdigalian are
normally placed over the carbonate deposits through the marls transitional package. Upper Oligocene
sediments are transgressively placed over the deposits of lower tectonic stage (carbonate and flysch
formation), as it is clearly seen in the Valeshi structure. (Valbona & Sadiku, 1984). We emphasize two
important things about the character of carbonate and terrigenous deposits of the Kruja tectonic zone.
Firstly: The thickness of the pelagic deposits of the Lower and Middle Oligocene is big and decreases
westward direction becoming much thinner in the Ionian tectonic zone. The lower Oligocene deposits
thickness is 600-1500 m, while the Middle Oligocene is 1250 m thick (Velaj, 2012). These data clearly
indicate that during this geological time and later, Kruja tectonic zone was deep basin environments.
Secondly: The outcropped carbonates, and the carbonate meet by the wells drilled in the study region,
in general belongs to a shallow platformic facies. This continued until the beginning of the Eocene

*Corresponding: E-Mail: arjol.lule@fgjm.edu.al; Tel: +355 696 061 263
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series. We note that the presence or not of flysch formation is not an argument for the presence of the
platform conditions.
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Figure 1.The location of the study region (Zappaterra, 1994)

The paleogeography conditions of the carbonate formation must be taken into consideration.
Based on the sedimentation conditions, we believe that the Kruja tectonic zone existed as a platform
until the beginning of the Paleocene-Eocene sedimentation, which later as a consequence of the dip,
changed to a very deep basin. The Tortonian deposits (representing the Molasses Formation) along the
eastern side of the Durrés basin (Peri-Adriatic Depression). (Dalipi & Kokobobo,1989). This deposit is
placed transgressively over the older deposits of Kruja tectonic zone and over the eroded deposits of
Upper Cretaceous. The thickness of the Tortonian deposits increases greatly from east to west (Valbona
& Shagqir Nazaj, 1989) while the unconformity moves upward within the younger sediments in the same
direction. This indicates that the most eastern structures of the Kruja tectonic zone were highly
differentiated compared to the western ones expected to exist under the Durrés basin to the west of Kruja
tectonic zone. Based on the lithological changes of the formations and the unconformity between them,
it can be interpreted that the most powerful folding phases that transformed the area are those of
Chattian, Burdigalian and Tortonian ages, which migrate in time from east to west. It means that the
most eastern structures, which belongs to Kruja tectonic zone, have been affected by the earliest tectonic
phases, while the most western structures, which belongs to the lonian tectonic zone (clearly identified
further to the south of the study area) are affected by the later folding phases. (Sadiku,et al.,1989) All
the existing structures outcropped or proved by the drilled wells got the main features during the
Burdigalian tectonic phase but their tectonic elements started since the Chattian time. It is believed that
the tectonic contours of some big anticlinal folds, which existed since the Chattian time, correspond
more or less with the tectonic boundaries of the existing outcropped anticlinal belts within the Ionian
tectonic zone (Berati, Kurvelesh, and Cika anticlinal belts). Even the geological data show that the
structures of the Kruja tectonic zone like Valesh-Letan, Makaresh, Tirana-Fushé Kruja, Petrela, Kozan
and Ishém (Sazhsanaku & Thomal, 1989) structures, were created before the Chattian time.

Tortonian deposits in the eastern part are transgressively placed on the Upper Cretaceous
limestone, while to the west these deposits are placed on the younger deposits. The relationships between
Kruja zone in the east and the Adriatic Basin in the west can be seen easily identified in F Figure 2.

The geological-tectonic model.

The eastern part of the study area is part of the Kruja tectonic zone, while the western part belongs
to the Durrés basin (Adriatic Basin). The geological data from the wells show that the eastern part of
this basin have two tectonic stage (Molasses formation transgressive placed over the flysch and
carbonate formation). The data show also that the scale of structuring (folding) of the deposits under the
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unconformity is more intensive comparing with the deposits above it (Xhomo,et al., 2002). From east
to west direction the anticlinal structures are as following:
-Valesh-Letan-Dajt-Kakariq anticlinal structures
-Makaresh-Renc anticlinal structures
-Kozan-Petrela-Fushe Kruja-Tirana anticlinal structures
-Ishém anticlinal structures
The eastern carbonate structures are very deformed, especially those found in the northern part of
the study area. The eastern arms of carbonate structures can be seen in the surface, while their western
arms are missing. This indicates the high coefficient of structuring compared to their low rate of folding.
The westernmost structure has the same characteristics as Ishmi structure, which is faulted along
its western arms with a high amplitude and dips to the west. This fault is the main longitudinal fault with
the highest amplitude in the region, which is related to the main western fault of the Dalmatia tectonic
zone, meet by wells JJ-2 and JJ-1, further to the north in Montenegro (Bega, 2015).
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Figure 3. Seismic-geological section A-A

The seismic data show that the western fault of Kruja, which is linked to the north with the
western fault of Dalmatia zone meet by the JJ-2 well in Montenegro (Figure 3).
Based on the seismic and well data the top carbonates are interpreted about 7000m deep and are covered
by the overlap the structures of Kruja tectonic zone. (Velaj, 2012)
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Tectonic Scheme of Study Area
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Figure 4. Tectonic scheme of study area

Another important discussion is the existence of lonian tectonic zone further to the north and cover
by the Peri Adriatic zone. Previous interpretations show different opinions. Based on geological data
from the new seismic lines and wells we will give same consideration.

First - The gravimetric data indicate the presence of a large negative anomaly following from the
- south (west of the Cika structure) to the north (west of the Kurveleshi structure) (Mghillka,et al.,1986-
1987 ) (Velaj,2015) which turns eastward near the Shkumbin river indicating that the tectonic belts do
not extend towards the north of this river. Second- The data from the very depth Well-18 (Bega, 2010)
proved the existence of this gravimetric anomaly. Third- The seismic data and the correlation from the
south to the north of the top of carbonate of the anticlinal structure of Patos-Verbas has shown that this
structure does not continued further to the north of Vlora-Elbasan-Peshkopi fault. (Sadiku ,et al.,1989).
Regarding to the continuation of this transverse fault to the east it is more possible that passes in the
west of Paper and Rove anticlinal structures. In the depth this fault is join with the main west thrust of
Kruja tectonic zone. This interpretation includes Paper and Rova structures (referring to the top
carbonates) to the northern continuation of Ionian tectonic zone. (Thomai, 1987 )

The seismic data registered down to 8 seconds (sections D-D, E-E, F-F; Figure 4) can be interpreted
that the folding intensity of the carbonate structures in this region is less than the intensity of the known
carbonate structures for the same tectonic stage for Ionian and Kruja tectonic zones.

Otherwise, the folding intensity looks to be the same for the Neogene structures from south to the
north along the Kreshpan, Ardénica, Divjaka - Durrés (southern part) and Lushnja — Mlik - Shkoza
(northern part). The axis orientation of these Neogene folds does not coincide with the orientation of the
known carbonate structures. This means that the Neogene folds are the consequence of new tectonic
phases, mainly after Tortonian time, which tells for the presence of the same sedimentation conditions
for both the lonian tectonic zone and Durrés. Basin during this time. The impact of tectonic phases was
different over the different areas of the Ionian tectonic zone and Durrés basin as well. It is understandable
that the thrusting amplitude of the possible interpreted structures is decreasing from east to west towards
the Sazani tectonic zone. This is also supported by studies conducted for the areas in surrounding
countries (Franket et al., 1983.) Which interpret the Adriatic platform is composed of some tectonic
blocks divided by a series of normal tectonic faults. These tectonic blocks are found deeper moving
from west to east passing gradually from the platform to the southern Adriatic basin. (Figure 6.) (Gartner
et al., 2002). The seismic data registered down to 8 seconds (Figure 7), seismic section E-E distinguish
two seismic facies: one seismic facies containing strong intense seismic reflections from 0 to 2.8 seconds
and the other with rare seismic reflections belonging to the deeper section. These seismic models of
reflections show for different degrees of deformation during the folding phases. Unconformity between
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Neogene and Mesozoic folds and the lower stage of folding of structures to the west of Kruja zone
(Figure 5).
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Figure 5. Seismic-geological section B-B
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Figure 6. Geological profile according to line D-438. Gradual transition, through normal tectonic
faults, from the platform to the Adriatic Basin.

Figure 7. Seismic-geological section E-E.

Two seismic facies can be distinguished: One with plenty of reflections tractable up to 2.8 sec time
and the other facies with rare reflections and preserved up to 5 seconds time. In the time 4.5-5 seconds
we distinguish a steady reflection which rises to the west. This reflection belongs to the top of Mesozoic
section. (Figure 7). The paleogeography changes that ha the lonian zone from the south to the north and
the decreasing of tectonic belts along this direction indicate the different tectonic style of the structures
toward the north. Based on these facts we conclude that the study region represents a transitional zone,
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where the structures of the lower tectonic stage (carbonate and flysch formations) are less folded and
less fragmented. The top carbonate is shallower from east to west direction passing gradually in to the
South Adriatic platform. It is also possible that during the Paleocene-Eocene time the South Adriatic
basin and in the lonian basin have been unified. The data mentioned above for the study area as wells
as the data from the surrounding regions (Italy, Montenegro) suggest that for the Jurassic and possibly
Cretaceous carbonates a platformic facies is expected. The tectonic style during this time was
represented by a horst and graben model, which passes into the basin conditions in the later geologic
time and was not affected or less affected by the tectonic phases. As a consequence, we think that the
structures of the tectonic belts within the Ionian tectonic zone to the south do not extend along the study
area towards the north with the same features. This fact is to be taken into consideration during the
geological interpretations, structure prognosis and their depth.

Conclusion

The study region is not very folded and should belong to the Southern Adriatic zone. The structure
of this are different from those we know today in the Ionian and Kruja tectonic zone. Expected structures
in the region are thought to be large in size less tectonically complicated and with much lower folded
structures.

Palegeographically the carbonate deposits of the Kruja zone in the Upper Cretaceous are platform
facies whereas the Paleocene - Eocene and newer deposits are pelagic facies. Because during the
Paleocene-Eocene age must have occurred the unification of the Ionian zone with the Kruja tectonic
zone, at this time a single basin is created. Regarding to the type of the deposits in Southern Adriatic
zone based on the geological phenomena observed in the surrounding units and regions the Eocene and
Paleocene age are pelagic facie. At this time must have occurred the unification of the Southern Adriatic
zone with lonian zone.

Relations between the Kruja zone and the surrounding structural units are of a tectonic contact. The
fault is thought to have a very large displacement amplitude in both vertically and horizontally direction.
This fault is also confirmed by the work made outside the Albania borders. The carbonate structures of
the Kruja tectonic zone appear tectonically complicated and eroded up to the level of Upper Cretaceous
carbonate deposits. They have large size, with wide roofs, smooth eastern arms and no western arm with
northwest-southeast extension.

Relationships between the lonian Zone and the units in the west have tectonic character, where the
fault is thought to have a much greater overlap amplitude and must pass in the west of the Patos-Verbas
structure, arching further to the north, where in the vicinity of the Shkumbini river interrupts the
continuation of this structure and further to the north.

The most powerful folding phases affecting the study area are those of the Hatian (Kugleri zone)
Burdigalian and Tortonian.
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Abstract: Monitoring open water bodies accurately is an important and basic
application in remote sensing. Various water body mapping approaches have been
developed to extract water bodies from multispectral images. The method based on
the spectral water index, especially the Normalized Difference Water Index (NDWI)
calculated from the Green and Near Infrared (NIR) bands, is one of the most popular
methods. The Sentinel-2 satellite can provide fine spatial resolution multispectral
images. This new dataset is potentially of important significance for regional water
bodies’ mapping, due to its free access and frequent revisit capabilities. It is noted that
the green and NIR bands of Sentinel-2 have same spatial resolutions of 10 m,
respectively. In this paper NDWI was produced from Sentinel-2 at the spatial
resolution of 10 m. This scheme provides the detailed information available at the 10-
m resolution.

Keywords: Flooding, NDWI, Sentinel-2, Image

Introduction

Sentinel satellite constellation of the Copernicus program of the European Union (Berger, Moreno,
Johannessen, Levelt, & Hanssen, 2012,) provides synthetic aperture radar (SAR) and multispectral data
with global coverage. Every year, flood events cause great economic losses and victims (Ward, et al.,
2013). For this reason, precise flood mapping and modelling are essential for flood hazard assessment
(Moel, Alphen, & Aerts, 2009), damage estimation (Amadio, Mysiak, Carrera, & Koks, 2016) and
sustainable urban planning to properly manage flood risk (Ran & Nedovic-Budic, 2016,). In such a
context, satellite remote sensing is currently a low-cost tool that can be profitably exploited for flood
mapping (Fayne, Bolten, Lakshmi, & Ahamed, 2017).

At present, remote sensing has become a routine approach for land surface water bodies’
monitoring, because the acquired data can provide macroscopic, real-time, dynamic and cost-effective
information, which is substantially different from conventional in situ measurements (Chen, Zhang,
Ekroos, & Hallikainen, 2004) (Feng, et al., 2012,). Each remote sensing technique for flood mapping
presents advantages and drawbacks (Malinowski, Groom, Heckrath, & Schwanghart, 2017) that must
be evaluated on a case-by-case basis. The frequent passes of satellites and the availability of rapid
processing chains allowed the development of services providing automatic and quasi-real time flood
mapping such as, for example, the Copernicus Emergency Management Service (EMS) performed by
the European Union (online:) (Ajmar, Boccardo, Broglia, Kucera, & Wania, 2017). However, these
services provide rapid mapping products that can be affected by uncertainty and are not always validated
(Revilla-Romero, et al., 2015,). Maps of flooded areas produced by official authorities and based on
bespoke aerial photos and field surveys are more accurate, although they are time-consuming and require
higher costs to be generated. Various methods, including single band density slicing (Work & Gilmer,
1976), unsupervised and supervised classification (Sivanpillai & Miller, 2010, ) and spectral water
indexes (Li, et al., 2013), were developed in order to extract water bodies from different remote sensing
images. Among all existing water body mapping methods, the spectral water index-based method is a
type of reliable method, because it is user friendly, efficient and has low computational cost (Ryu, Won,
& Min, 2002). In this work, we present the Normalized Difference Water Index (NDWI) proposed by
McFeeters (McFeeters, 1996), using the green and Near Infrared (NIR) bands of remote sensing images
based on the phenomenon that the water body has strong absorbability and low radiation in the range
from visible to infrared wavelengths. NDWI can enhance the water information effectively in most
cases, but it is sensitive to built-up land and often results in over-estimated water bodies.
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Open Street Map data were used for visual interpretation of the results. The image processing and
analyses was carried out in ESA SNAP Desktop and QGIS Desktop.

Materials and Method
Study Site and Data Set

The River Buna runs in the last North-west segment of the Albanian Montenegrin border. This
river springs from Lake of Shkoder, quite close to the city of Shkoder. Buna runs to the south, alongside
Taraboshi up to its mouth in Adriatic Sea. The river has a length of 44 km. Lake Shkodra, Drin and Kir
Rivers, drain into the Buna, which flows towards and empties into the Adriatic Sea. The combined flow
from the other rivers and the lake into the Buna River can sometimes add up to more water volume than
the Buna River can hold, causing it to overflow. It is of great interest to extract surface open water bodies
and to monitor their changes in the Buna river area.

Shkoder

Lezhe

Adriatic Sea : W ; GOO!E a) — b)
Figure 1. a) Satellite image of the Drin and Buna  b) Drin and Buna River Basin — overview (GIZ.,
rivers (Earth, 2020) 2015))

The dataset used in this study is the standard Sentinel-2A Level-2A product, which was produced
by radiometric and geometric corrections, including ortho-rectification and spatial registration on a
global reference system with sub-pixel accuracy. The Sentinel-2A Level-2A product is composed of
100 km x 100 km tiles in the UTM/WGS84 projection and provides the Bottom-Of-Atmosphere (BOA)
reflectance. The UTM (Universal Transverse Mercator) system divides the Earth's surface into 60 zones.
Each UTM zone has a vertical width of 6° of longitude and horizontal width of 8° of latitude. This study
used a Sentinel-2 Level-2A image scene (date of acquisition: 28.03.2018). It was downloaded from the
ESA Sentinel-2 Pre-Operations Hub (https://scihub.copernicus.eu/).

Open Street Map data were used for visual interpretation of the results. The image processing and
analyses was carried out in ESA SNAP Desktop and QGIS Desktop

Sentinel-2 Imagery

SENTINEL-2 is a European wide-swath, high-resolution, multispectral imaging mission. The full
mission specification of the twin satellites flying in the same orbit but phased at 180°, is designed to
give a high revisit frequency of 5 days at the Equator. SENTINEL-2 carries an optical instrument
payload that samples 13 spectral bands: four bands at 10 m, six bands at 20 m and three bands at 60 m
spatial resolution. The orbital swath width is 290 km (ESA, 2020). SENTINEL-2 makes a significant
contribution to Copernicus themes such as climate change, land monitoring, emergency management,
and security. The false colour composite of the Sentinel-2 image at 10 m is shown in Figure 2a.
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'b)

c)

Figure 2. (a) 10-m green Band 3); (b) 10-m NIR Band 8; (¢) Ten-meter false color map (R: Band 8; G:
Band 4; B: Band 3);

Methodology
Spectral Water Indexes

The NDWI proposed by McFeeters (McFeeters, 1996) is designed to: (1) maximize the
reflectance of the water body in the green band; (2) minimize the reflectance of water body in the NIR
band (Sun, Sun, Chen, & Gong, 2012,), (Xu, 2006,). NDWI is calculated as:

pGreen—pNIR

NDWI= (1)

pGreen+pNIR

Where pGreen is the BOA reflectance value of the green band and pNIR is the BOA reflectance value
of the NIR band. Therefore, no additional pre-processing is required, and the NDWI for Sentinel-2 can
be directly calculated as:

_ p3-p8
NDWIion = 222 2)

Note that both Band 3 and Band 8 of Sentinel-2 have the spatial resolution of 10 m, and thus, the
calculated NDWI in Equation (2) also has the spatial resolution of 10 m.

Afterwards, the NDVI was computed with the well-known method as follows: Then,
impervious mask was obtain using threshold values for NDVI.
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Figure 3. The spectral reflectance curves for water, soil and green vegetation;

Results
Sentinel-2

10m

products contains 13 spectral bands in three different spatial resolutions.

Figure 4: SENTINEL-2 spatial resolution bands (ESA, 2020)
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The surface area measured on the ground and represented by an individual pixel. Many operators in
SNAP toolbox do not support products with bands of different sizes so first we need to resample the
bands to equal resolution. We define the size of resampled product by reference band B2.

Figure 5: Ten-meter RGB image (R: Band 8; G: Band 11; B: Band 4); |
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To detect the water bodies we will use the Normalized Difference Water Index - NDWI it was
proposed by McFeeters (McFeeters, 1996) and it is designed to: 1) maximize the reflectance of the
water body in the green band; ii) minimize the reflectance of water body in the NIR band. In figure 6
the open water pixels appear much brighter than other surfaces.

Figure 6. Image of the water bodies with Normalized Difference Water Index — NDWI

After detected the water bodies with NDWI, we create another new band that will only contain water
surfaces. We will set the threshold for pixel to be classified as water to >= 0. In figure 7 we see the
water mask.

Figure 7. a) The water mask of Buna river Area; b) The visualization of water mask in QGIS with
base map the world map

Conclusions

The newly-launched Sentinel-2 can provide fine spatial resolution multispectral imagery at a fine
temporal resolution, which makes it an important dataset for water bodies” mapping at the global scale.
In this paper, a method is proposed for water bodies” mapping from the Sentinel-2 image by producing
the 10-m NDWI image.

The experiment on the subset Sentinel-2 image located at Buna river area demonstrates that NDWI is
efficient to enhance water bodies and to suppress built-up features than NDWI.

To estimate the flood water level, we developed a method that involves three steps, namely, To detect
the water bodies we used the Normalized Difference Water Index - NDWI that was proposed by
McFeeters2 and it is designed to maximize the reflectance of the water body in the green band and to
minimize the reflectance of water body in the NIR band.

The implementation of this technique will provide invaluable information for water management and
water security
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Abstract: The structural interpretation and the geological data allows us to give same
consideration on the role of the longitudinal and transverse faults on the development
of the structures. The object of this paper are the tectonic features and geological
evolution of the north part of Albania. The study area is located in the sector between
two old transverse tectonic faults of Shkoder — Peje in the north part and Vlore -
Elbasan in the south. This region has very complicated geological features where
combined of several facial structural zones. In the east is bounded by the Kruja
(Gavrovo) tectonic zone and in the south by the lonian tectonic zone and in the north
western part by the Adriatic Sea waters. The Kruja (Gavrovo) and lonian tectonic
zones are intensively affected by orogenesis whereas Sazani (Apulia) and the
Southern Adriatic Basin are partially affected. Longitudinal and transverse tectonic
faults have played a very important role in facie sedimentation and in the structuring
of tectonic zones and structures.

Keywords: Longitudinal, tectonic, faults, Kruja, Folds

Introduction

The study area is located in the north-western part of the Outer Albanides (part of the Dinarides -
Albanides — Helenides structural belt). Outer Albanides are part of continental margin of the African
edge and Ardia microplate) and are formed from sedimentary deposits and maybe metamorphic rocks.
The study area is bordered to the east by the Kruja (Gavrovo) tectonic zone, in the south part from the
Ionian tectonic zone and to the northwest by the Adriatic Sea water (Xhomo et al, 2020) (Figure 1). This
area is located in the sector between two old transverse tectonic faults of Shkoder - Peje and Vlore -
Elbasan and represents a region with complicated geological features where we have a combination of
several facial structural zones. Studies made in this region have showed different opinions on the
continuation of tectonic zones in north - west part of Albania and the relationships between them. This
paper based on the structural interpretation and the geological data of the region, will give some
consideration on the role of old and new tectonic faults in the geological evolution of the structures.

Figure 1. Location of the study area
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Characteristics and the Role of Tectonic Faults

The Structural Units in the Outer Abanides have been created as a result of the continental collision
between the Ardia microplates with the European plate. The structures units have generally south - west
and north — east direction. The three tectonic zones of Kruja (Gavrovo), Ionian and Sazani (Apulia) in
northern part dips and in this sector has its origin in the Pre-Adriatic Depression. The longitudinal and
transverse tectonic faults have played a very important role in sedimentation and in the structuring of
tectonic structures in the study area (Frashéri & Nishani, 1996) (Konomi, 2000). Based on the geological
settings and in the change of the deposits thickness and their lithology in the Mlik-Rodon area and
surrounding regions, the tectonic faults are grouped as follows:

The Longitudinal Faults

During the rifting phases (Liassic) a series of normal longitudinal faults have separated the tectonic
zones and structures from each other (Roure, et al., 2004). These faults are not uniform everywhere and
have different amplitudes in combination with transverse faults give different structures forms. Due to
the combination of these faults in the study area and especially in the southern and eastern parts, horsts
and grabens structures have been created, bounded with longitudinal and transverse faults from each
other. (Figure 2). Generally these structures or tectonic zones have a longitudinal direction and the
combination of normal longitudinal with transverse faults causes significant changes in the longitudinal
direction. These faults throughout the time that the Outer Albanides margin had a distinctive regime are
developed sinsedimentary. Such have been the western fault of the Kruja (Gavrovo) tectonic zone and
some faults that border the Dajti, Tirana structure and lonian tectonic zone (Frashéri & Nishani, 1996).
We think that these faults have existed due to the fact that the thickness and lithology of the deposits
have changed in the both sides of the faults, as well as the other fact that the same faults are found
fossilized in Sazani (Apulia) tectonic zone evidenced by the field survey and seismic profiles in the
Adriatic Sea and surrounding regions (Milia, et al., 2017; Ndreko & Nazaj, 2019).

.,‘,.,,
OHE L— \>

(|
D
RASTA ZON

v

Figure 2. Scheme of tectonic zones during the rifting (Lower - Middle Liassic)

These normal faults separate the neritic deposits of the Sazani tectonic zone (Apulia platform) from
the pelagic deposits of the Southern Adriatic Basin reference. Normal faults during the compression
phases (orogenesis) begin to activate in the opposite direction according to these blocks and structures
rotate. During the orogenesis process the compression resistance is small, so the deposits will be
disconnected at their weakest point. The small resistance is exactly in the areas with existed normal fault
due to this occurs inversion these faults. The amplitude of these faults depends on three factors:

The first factor: The amplitude of normal faults during lover Liassic age. The bigger the amplitude
of these faults, the bigger is the overlapping amplitude of the structures, structural belts or different
tectonic zones. Thus the fault of the Kruja (Gavrovo) tectonic zone in the north part has a very big
overlapping amplitude of tens of kilometers (Roure et al., 2004). These are clearly evident in the seismic
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profiles made in the Kruja (Gavrovo) tectonic zone (Figure 3). Which besides the top of limestone of
this zone at 1.5-2 sec has another horizons almost parallel to the limestone top at 2.5-3 sec which dips
northward direction. To the south direction this fault comes by reducing its amplitude (Nazaj & Valbona,
1990).

1. LIMESTONE CRETACEOUS - EOCENE

2. FLYSCH OLIGOCENE

3. ACUTANIAN - BURDIGALIAN
4. SERAVALIAN - MESINIAN

5. PLIOCEN

Figure 3. Seismic cross- section A-A

The second factor: The duration time of the normal fault that affect the overlapping amplitude of
the structures, so how long does this normal fault continue to control the sedimentation. According to
this model the tectonic inversion and overlap of the structure will occur where the normal fault has the
bigger amplitude and time duration. The northern part had a bigger amplitude compared to the south
part forming different structures. In the northern of the Kruja (Gavrovo) tectonic zone the folding phases
is done with monoclines structure while Kozan-Tomorri structures in the south where the resistance is
bigger (because the difference in deposit thickness is more gradual), the sedimentary formation responds
creating structures with both arms. In some structures such as Dajti, Tirana, Rodoni perhaps and Mliku
(Nazaj, 1995) where the amplitude of normal faults has been relatively small their overlapping amplitude
is about several kilometers. These data show the dependence of the overlap by the amplitudes and the
duration time of normal faults. At the south of the study region some structures of the Ionian tectonic
zone have a very big overlapping amplitude to the north compared with the south of lonian zone. In
general, the movement direction of the structures is anti-clockwise.

The third factor affecting the structuring and the overlapping amplitude is the heterogeneity of
the sedimentary formation as well as the horizons that serve as sliding horizons. The presence of
incompetent horizons such as evaporate formation for the onian tectonic zone or different levels of the
Schist of Jurassic, Cretaceous. The transition from the carbonate formation to the terrigenous formation
and other horizons within the terrigenous formation play a very important role in the structuring and the
overlapping amplitude. This is especially evident in the lonian tectonic zone where most of the structures
have in the west contact the outcrop of the evaporate formation (Velaj, et al., 1999) (Bega, 2017). These
lubricating horizons have served as the basis for the sliding of the carbonate formation and fold them. It
should be noted that in the northern part of the Ionian tectonic zone in the Mlik - Durres - Rodon region,
based on the seismic data (Naco, ef al., 2014), the region has flat geological construction with deep
structures and small folding scale. This area forms the carbonate basement of the Southern Adriatic zone
(basin). In the formation of structures in the study area has played an important role the combination of
longitudinal and transverse normal faults.

Sinsedimentary Transverse Faults

In the study area other than longitudinal faults have existed and transverse faults that combined with the
longitudinal faults have separated the study area into several structural blocks. Which have reacted
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independently from each other during the orogenesis phases. In the study area are identified these main
transverse tectonic faults:

- Transverse faults that interrupt the lonian tectonic zone

- Transverse faults south of Durres — Fortuzaj

- Transverse faults of Rodoni area

- Transverse faults of Lezhe — Shkoder.
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Figure 4. Geological correlation of the Kavaja, Ndroq and Preza outcrops

In these sectors is seen difference in thickness of the Burdigalian and Tortonian - Messinian
deposition passing from north to the south part (Figure 4). At the same time the folding style and the
rate of shortening of the structures in these sectors also changes. Transverse faults are also observed in
the Kruja (Gavrovo) tectonic zone south of Tirana and in Elbasan - Tervolli sector and in the Tomorri
anticline structure further to the south (Figure 5).
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These transverse tectonic faults are combined with longitudinal faults. The existence of the
transverse faults has made possible that today we can observe structures with different folding scale and
with different dimensions. Further to the south part of the Kruja (Gavrovo) tectonic zone we have a
gradual facial passing (Tomorri Structure) from neritic to pelagic facies for the Upper Cretaceous.
Further to south in the anticlinal structure of Leskovik the deposition of Upper Cretaceous are pelagic
facies. In this south sector of the Kruja (Gavrovo) tectonic zone the depositions are pelagic facies but
belonging to the lonian tectonic zone with the presence formation of the phosphate horizons. We think
that the transition from the Kruja (Gavrovo) tectonic zone (neritic facies) to the Ionian tectonic zone
(pelagic facies) e was made by some transverse paleofaults. Which combined with longitudinal faults
have made the transition from neritic deposits in the northern area into mixed facies in the Tomorri
anticline and in typical pelagic facies in the Melesin anticline and further in the south. As a result of
these transverse tectonic faults, Kruja (Gavrovo) tectonic zone have different folding scale passing from
north to south part. In the central area where the structures are monoclines (Tirana, Ishmi) and in the
north and south direction the structures are anticlinal with the both arms and the number of structural
belts in the south is reduced. In the sectors close to these faults as the compression resistance is smaller
than is seen a greater structuring and overlapping scale. Regarding to the transverse faults that intersect
the lonian tectonic zone, is clearly seen the change of the folding style. Where the southern part is more
folded and tectonically detached (Kreshpani, Verbasi and Maraku structures; Figure 5) while in the north
part the structures have small folding scale for the lower tectonic level. This fault is not only one, but is
a combination of western longitudinal faults of anticline belts and structures with the transverse faults.
So this paleofaults has controlled in a transverse direction the sedimentation for the Triassic and Jurassic
and possibly Cretaceous ages. North of the lonian tectonic zone in Dumrea sector we have combination
of longitudinal and transverse fault, we have also the outcrops of evaporate formations.
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Figure 5. Structural map of the study region

Inter formational Faults and Their role in the Geological Evolution

General characteristic of the structures cover by flysch formation in the Kruja and Mlik-Rodoni
structure is that in addition to the old faults that border the structures on the west arm that have continued
their activity until the end of the Middle Oligocene new faults occur among the flysch formation (Nazaj,
1995). Carbonate structures are associated with flysch deposits until the Middle Oligocene and with the

58



J. Int. Environmental Application & Science, Vol. 15(2): 54-61 (2020)

continuation of the orogenesis phase cause the formation of new faults further to the west. The inter
flysch faults are formed when the eastern arm of the extended structure is inserted under the handing
structure. During this time the deposits fill the synclinal structure that separate the anticlinal structures.
These faults have different ages in different structures. During the time of the formation of inter flysch
faults which have smaller angel than older faults and usually act on the carbonate structures by moving
the flysch formation of the synclines structure up to the axis of the structures. These faults are meet in
Kozani, Fortuzaj and Mliku structure. In conclusion we can say that all the old structuring faults that
affected the structures of the Kruja (Gavrovo) tectonic zone have ended the activity at the end of the
Middle and Upper Oligocene. Then a new front of inter flysch faults has been opened in the west during
the Upper Oligocene (Kugleri zone) according to these faults the carbonate structures have moved
together with the flysch formation toward the west. This is seen in the big change of the thickness of the
Upper Oligocene deposits (Kugleri zone) in the Kozani structure in the transverse direction on both side
of the inter flysch fault. (Figure 6) (Sadiku & Nazaj, 1989) (Thomai & Nishani, 1987).

GEOLOGICAL CROSS- SECTION
DIVJAK-PAPER REGION
Scale 1:50000

Figure 6. Geological cross- section

This phenomenon is accompanied by facial changes. During deposition of the Burdigalian sequence
are formed several inter flysch faults further to the west direction in the Vrapi, Papri, Roves, and Mliku
structures, all of these faults in the depth joined in one plan that dips eastward direction. Also during
this sequence we have almost masked all the old faults and the new faults plan with small angles are
formed further to the west. So the overlapping of the structures or the orogeny moves to the west
direction according the new faults plans which in the depth join in the east direction with the old faults
(Figure 6). During the Serravallian - Messinian sequence, the role of inter formational faults and their
sinsedimentary character is more visible. During this time inter formational faults of Durresi, Shkoza
and the Preza Monoclines are developed. In this area, from Kavaja in the south to Rodoni in the north,
inter formational faults are active, this is related to the high seismic activity of this sector during the
years 2019-2020. Where two powerful earthquakes with Magnitude M = 5.8 (September 2019) and M
= 6.4 (November 2019) have their epicentre. This is accompanied with very high number of after
aftershocks (Figure 7) (ASEM EMSC, 2019).

Characteristics for these inter formational fault is that the sedimentary prisms have large difference
in depositional thickness on both sides of the faults in transverse direction and more gradual longitudinal
direction. As in the Preza region where there are very large changes of depositions in transverse direction
starting from the Burdigalian deposition up to the Pliocene and more gradual passage in longitudinal
direction (Sazhdanaku & Thomai, 1988). This fact is important for determining the sedimentation and
direction of orogeny movement. During the Pliocene sequence, the amplitude of longitudinal
sinsedimentary faults continued increasing and masking of transverse faults continued. In the study area
besides overlapping faults are also found faults with different direction and create the monoclines
structures such as Thartori fault, Ishmi fault and Durresi fault (Figure 3). All of these faults are created
as a result of orogenesis (Compression from the East) creating a triangular zones and flower structures.
(Skrami, 2001). In the study area is also documented the transverse fault of Rodon which is active faults.
Concerning to the origin and cause of the transverse fault of Rodon, we think that it was created as a
result of the compressions forces acting differentiated in extent for the reason that to the south the
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structures of the Kruja (Gavrovo) tectonic zone are shallow and passing to the north they extended
excessively and as a result the resultant of the force operates at different depths. This is the cause for the
creation of the shear forces of incompetent deposition and for this cause is formed the transverse fault
of Rodoni and the monoclonal structure moves to the west direction. Another argument in support of
this the development northward of the Neogene Adriatic uplift. There we have the intersection of the
longitudinal fault of the Preza monoclines with the transverse fault of the Rodoni cape.
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Figure 7. Durresi Earthquakes Epicentre (ASEM ESMSC, 29.11.2019)

Conclusions

1-

2-

The study region is located at the intersection of Kruja (Gavrovo), lonian tectonic zones and Southern
Adriatic zone.

Longitudinal tectonic faults combined with transverse faults have played a very important role in the
formation of Neogene folds and have controlled the sedimentation. The facies in Kruja (Gavrovo)
tectonic are neritic, while in Ionian tectonic zone and Southern Adriatic zone are pelagic facies in
the southern direction (Tomorri) Kruja (Gavrovo) zone passes from neritic facies (northward) to
pelagic facies (southward).

The tectonic style of the Southern Adriatic zone is different from Kruja (Gavrovo) and Ionian tectonic
zone with big structures dimensions, low structuration scale and considerable depth.

The relationship between Kruja (Gavrovo) lonian tectonic Zone with Southern Adriatic zone is
tectonic where the overlap it’s some tens kilometers. Some longitudinal and transversal tectonic fault
are evident which combined with each other have given to the tectonic structures a certain
independence in folding scale and over - thrusting.

The structuring tectonic fault that have reached the carbonates formation of Kruja (Gavrovo) tectonic
zone have interrupted their activity during Globorotalia Kugleri time, from this time and later some
new inter flysch faults have been formed in west direction. The inter flysch faults have controlled all
sedimentary formation and tectonic evolution of Southern Adriatic Basin, sedimentation
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environments and deposition thickness. These faults are unites and interlaced with each other and
when one of them finish acting other younger fault begins to act.
6- The change of the lithology of the formation serve as sliding plans, like evaporates, different schist
horizons into carbonate formation and the pass from the carbonate formation to the flysch formation.
7- The lonian tectonic zone from the southwest to the northeast direction is tectonically faulted. So the
Vlora — Elbasan tectonic fault it is not a single fault but an interlacing of western tectonic faults with
transversal faults of the structures and structural belts of [onian tectonic zone.
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Abstract: This work was carried out to examine the possible potential health risks
that result from the use of some commonly available mobile phones in Nigeria. The
mobile phones subjected to test were Tecno S1, Touching T1, Infinix hot 6 and Itel
1701. Their electric field strength, magnetic field strength and power density varied
significantly per call engagement mode at various varied distances of measurement.
Also, their computed head SAR values were observed to be below the limit set by
the International Conference on Non-Ionising Radiation Protection. From a potential
health hazard point of view, Tecno S1 was found to be the safest for use.

Keywords: Electric field strength, Health problem, Magnetic field strength, Power
density, Specific absorption rate.

Introduction

Without the use of mobile phones in this 21st century, the world of human activities would be
dull and uncoordinated. This is very obvious when considering how the world is being turned into a
global village as a result of using such devices for certain purposes. Bhargavi et al. (2013) posited that
mobile communication involves signal transfer by electromagnetic wave (EMW) through
radiofrequency and microwave signals. Based on observation, it has become a common knowledge
nowadays that certain mobile phone categories can be employed for a wide range of applications in
addition to making of voice calls and text messaging. For example, smartphones can be used to make
video calls, schedule tasks, record audio and video signals, take snapshots, navigate locations, and also
carry out internet and banking services as well as applications involving security and health. It is
noteworthy that mobile phones are no longer the preserve of few wealthy individuals in any society. In
other words, due to drastic reduction in cost prices, both young and old can now afford at least one
phone for personal use. Eventually, there has been an astronomical increase in the number of phone
users. This, in turn, makes the technological advancements in cellular technology/mobile phone
applications to be one of the fastest in terms of growth in the last few decades.

Extensive new collection of digital 2019 reports reveals that about 5.11 billion people worldwide
use mobile phones (Kemp, 2019). Although the device in question has become a must-own due to the
aforementioned advantages, it has been reported that its use has some adverse health effects as a result
of exposure to radiofrequency electromagnetic radiations from it. For instance, (Blank & Goodman,
2009) opined that in the course of using mobile phone, electromagnetic wave is transferred to human
body with resultant health problems especially at the ear-skull region. Other research reports have it
that in the said circumstance, such radiations interfere with the electrical impulses that connect two
neurons with each other and can lead to deafness, migraines, high blood pressure, hot and itchy ears,
burning skins, headaches and fatique (Bhargavi et al., 2013; Mitra et al., 2014). In an attempt to
address the situation, several international and regional agencies have developed safety limits to serve
as guidelines towards safe radiation exposures. However, there may be other cases of related health
challenges reported by users but are yet to be scientifically verified and documented.

In recent times, it has been observed that there is unprecedented proliferation of many markets
and homes with assorted mobile phones. The substandard or bad ones among them are even being
falsely portrayed (by the specification in their user’s manual) to possess features that can be utilised to
guarantee safety on the part of their users. Also, very many people are in the habit of becoming mobile
phone owner (or user) without caring to know about the compliance to safety standards in relation to
their phone of interest. Since the utilization of substandard products can cause serious harm, there is
no doubt that the radiations emitted in the process of using the said phones can interact with the user’s
body and cause health problem(s). When considering the activities of smugglers in by-passing
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regulatory authorities to circulate defective products that are not easy to identify by mere physical
inspection, the current situation becomes so worrisome these days that public safety concern is
expressed to the extent of requiring very urgent attention. This work is, therefore, designed to assess
the level of electromagnetic field (EMF) radiations associated with some select low-cost mobile
phones that are widely used in Nigeria, so as to ascertain their potential risks to user’s health. It is
hoped that the findings from this work will be of great benefit to relevant industry and potential users
of different mobile phone types/models.

Method

This work was carried out inside a room in Uyo urban, South-South, Nigeria. Tecno S1, Touching
T1, Infinix hot 6 and Itel 1701 were selected and then after removed from their case before each of
them was used as the source of radiation in this work. Also, four call engagement modes such as
Ringing and Answered call (RA), Ringing and Unanswered call (RU), Vibration and Unanswered call
(VU), as well as Silent and Unanswered call (SU) were considered. In the experimental setup (Figure
1) used, the phone under test was clamped such that its transceiver maintained a good line of sight
with the sensor of an electrosmog meter (TES-92) employed to measure (in tri-axis mode) the
instantaneous values of EMF parameters of the phone. In order to avoid interference effect, the caller
was always positioned at a distance of about 10 m from where the setup was mounted. Also, active
sources of electromagnetic radiations were put off and kept away from the room. The measurement of
every parameter was performed three times for each of the phones and at the same varied distances per
call engagement mode. In each case, the mean values of the results were determined and analysed.

Based on the maximum values of electric field strength obtained at 5 c¢cm, the localized specific
absorption rate (SAR) of human head was calculated using the relation (Joanna et al., 2012; Kumar &
Bhat, 2013)

SAR =

where o is tissue conductivity, p is tissue density and E is electric field strength expressed as (Kumar
and Pathak, 2011)

1

E=E, exp|—z/6| 2
where E, is incident electric field on the body surface, § is skin depth and z is depth of tissue with
respect to incident field (Figure 2).
For computation of skin depth, the following equation was used (Sallomi, 2012):

1

6= p— 3
where u is tissue permeability (4t x 1077 H/m) and f is frequency (900 MHz and 1800 MHz) of the
electromagnetic radiations. The values of tissue density and conductivity used in this work were based
on the data provided by Stankovic et al., (2017) as shown in Table 1.

63



J. Int. Environmental Application & Science, Vol. 15(2): 62-67 (2020)

Skin { 0.10 em)
TS~ Fa(bliem)
™\, Bone(0.66cm)

“i Brain (8.1 cm)

! ! M~
— 10em %—  Human Head
i i

E

E (Vim) T
|

|

|

P (Wim')

H (A/m)
Figure 2. Human head model

Table 1. Characteristics of tissues at 900 MHz and 1800 MHz
Tissue o (Sm) p (kg m?)

Skin 0.867° 1109
1.180° 1109
Fat 0.109? 911
0.190° 911
Bone 0.143¢2 1908
0.275° 1908
Brain 0.7665% 1046
1.710° 1046

Source: Stankovic et al. (2017).
Where: a is value at frequency of 900 MHz and b is value at frequency of 1800 MHz.

Results and Discussion

The mean values obtained from the measurements of the EMF parameters are registered in Table
2. Also, the computed values of head SAR and the regulated limits specified in electromagnetic
guidelines by International Conference on Non-Ionising Radiation Protection (ICNIRP, 1998) are
presented in Table 3.

From Table 2, it can be seen that the mean values of the EMF parameters for each call
engagement mode decrease with increasing distance from the phone (source of radiation). This simply
portrays the fact that even if there is a long-term exposure to the radiation, less effect of it would be
experienced by a user whose body is usually at a distance that is reasonably far from the mobile phone
used. As evident from the results, the recorded values of magnetic field strength are greater than those
obtained under the same conditions for electric field strength. By implication, the selected phones are
capable of emitting electromagnetic radiations with greater proportion of magnetic field effect than the
electric field counterpart. Irrespective of the mode of engagement, it is crystally clear from the results
that the least values of each EMF parameter at all varied distances are obtained with the use of P1.
However, at the closest distance (being 5 cm in this study) from the mobile phone, the highest value of
electric field strength is obtained in the case of P3 in all the engagement modes, whereas P2 shows
such tendency for magnetic field strength except in VU and SU modes. For power density, the highest
obtained value is associated with P3 in RA mode, P2 in RU mode and P4 in VU and SU modes. On
the whole, the maximum mean power density value in this work (80.76 nW/cm?) is observed to be far
less than the minimum value of 0.3 uW/m? obtained by Shalangwa et al., (2011) for testing selected
mobile phones of different models held at a distance of 0.01 m from the head. The disparity noticed in
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the two results may be understood to be due to the twin factors of measurement distance, the type and
model of phones involved in the study.

Though the results obtained in this work appear to differ across the engagement modes for each
of the phones used, one-way analysis of variance performed at 0.05 level of significance shows that
the differences are not significant. This implies that the possibility of experiencing negative health
effect does not depend mainly on any of the call modes considered for the selected phones. However,
for each of the engagement modes, the same statistical analysis reveals that the results of any of the
measured parameters recorded for the phones are significantly different. This may be attributed to
differences in the ages, types and/or qualities of the phones.

Table 2. Mean values of the measured EMF parameters of the tested phones

Oper. Distance Electric field strength Magnetic field strength Power density
mode (cm) (mV/m) (uA/m) (uW/cm?)
Pl P2 P3 P4 Pl P2 P3 P4 Pl P2 P3 P4
RA 5 8.542 18.92 26.82 2223 2096 53.74 46.775 4426 2597 4820 52.12 51.11
RA 10 4278 1426 2295 20.15 1592 4271 39.16 40.01 19.51 37.65 4557 44.72
RA 15 3.208 1254 2097 19.12 1285 36.01 3595 3545 1297 34.08 3695 3552
RA 20 2257 11.82 1571 16.14 1152 26.73 31.27 31.03 5582 32.17 28.18 27.17
RA 25 2.097 8.746 1256 12.52 8.537 2346 2393 2289 4.621 2451 2224 20.33
RA 30 1.942 7421 9.847 9.115 7362 21.74 2035 19.78 3.968 12.72 1820 17.57
RA 35 1.834 6.624 7.950 7.023 5399 1923 18.18 1758 2711 7.785 1693 1596
RA 40 1.388 5.347 6.657 6.724 4921 1793 1546 1534 1715 6.284 14.19 1346
RA 45 1.276 5.170 4.891 4.512 4382 13.16 1461 1399 1315 3383 1146 11.24
RA 50 1.205 3.572 3955 3.365 3.214 1092 1392 1282 0.750 2.492 81872 7915
RU 5 7.943 1483 2897 2542 1924 7391 48.13 59.04 1142 80.79 43.15 63.23
RU 10 7.245 1256 2457 2393 17.10 5723 4571 53.17 1053 72.60 41.10 60.04
RU 15 5.097 1045 21.11 20.59 1583 30.56 43.79 49.14 7.415 5132 39.11 55.11
RU 20 3.725 9.731 13.15 17.54 1342 28.63 4035 4698 5814 4375 3552 5037
RU 25 2915 8.063 1253 16.01 1031 2645 3741 3852 4.171 3097 30.15 41.88
RU 30 2.895 7.791 1155 1521 8973 2217 3274 32.61 3.710 1815 2261 35.11
RU 35 2.091 7.588 10.73 13.02 8.357 19.01 30.58 2829 3.058 11.81 16.53 30.42
RU 40 1.962 7.415 1050 11.18 7.182 18.01 28.40 25.51 2.424 9251 1428 2245
RU 45 1.752  6.672 9.725 10.01 6.573 1291 25.56 2334 2409 7.650 1136 15.77
RU 50 1.519 5.098 8.202 6.923 5.741 11.87 21.51 19.58 1.657 5.673 9.143 10.81
VU 5 1142 12.68 1934 1474 2446 33.41 31.07 3480 34.18 4232 4123 4359
VU 10 7.651 1194 17.77 1345 20.74 31.87 3023 3152 17.62 3792 3998 3554
A48 15 5.827 10.59 16.65 12.75 16.87 2741 2891 3034 1272 3512 3783 32.72
A48 20 4456 9.771 15.02 1152 1396 2592 2598 2825 8712 3246 3522 29.75
A48 25 3.742 8.769 14.16 10.84 10.15 24.54 2345 2791 5.002 2835 3298 28.73
A48 30 3457 8387 12.13 10.53 10.08 20.72 20.54 2627 4269 2397 2952 2751
VU 35 3214 7.793 1098 10.25 9.157 1899 19.01 2334 3.749 17.60 2576 20.82
VU 40 2579 7.755 9.542 9454 81827 17.67 17.74 2084 2.626 13.75 2211 1542
VU 45 1.779 7.054 9.154 9.342 7.679 12.61 1509 1980 1.568 10.03 19.06 10.46
VU 50 1.452 5227 6.065 5.873 5362 8.511 1435 1951 0.798 9.862 1322 7.682
SU 5 8505 1292 1297 1234 24.05 3457 3272 30.65 2592 41.72 4127 42.72
SU 10 7.342 1171 1295 1223 16.80 31.32 2948 29.57 1531 37.62 4020 41.10
SU 15 3.804 1052 12.84 12.11 1294 2946 2734 2721 1054 32.05 3952 4022
SU 20 3282 9512 1282 11.87 10.71 27.56 2639 2599 7.921 30.54 30.80 37.65
SU 25 2.814 8302 1272 1136 10.01 2472 2408 2512 4452 2541 2895 3354
SU 30 2683 7.742 1146 11.13 9.525 21.83 2287 2195 3.942 2145 27.63 29.62
SU 35 2.584 6.751 10.85 9.959 7.201 18.75 20.53 19.64 3.668 15.52 2558 25.33
SU 40 2.482 5457 9.371 8.628 6.714 17.82 2045 18.03 1955 12.83 2093 19.20
SU 45 1.747 4.207 7.674 7.453 5363 15.63 19.63 16.16 1.446 9213 17.52 15.09
SU 50 1.243  3.026 6.213 5.582 3.447 1395 1743 15.05 0432 5.573 10.75 9.093

Pl=Tecno S1, P2 = Touching T1, P3 = Infinix hot 6, and P4 = Itel 1701.

Figure 3 shows the plots of how the EMF parameters vary with the measured distances from the
tested phones per engagement mode. It can be deciphered from them that the electric field strength,
magnetic field strength and power density for each of the phones show exponential variations with
increase in the distance in question notwithstanding the engagement mode of the phones. The seeming
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similarity in the power density plots for VU and SU modes justifies the statistically verified fact earlier
stated above that there is no significant influence of phone engagement mode on the EMF parameters.

6 &0 0 2]
]
3 :
L] 20 !‘.'\ ~8— Magnetic field sirength, for TS {pAm) | 45 - B ~8— Power Density, for TSI {(pw/cn \
) ) 0 Magnetic field srength, for TT1 A/m) N )
IR \ = Magnetic ficld strength, for [H6 (uA/m) L B
B \: g Magnetic field sirength,for ITL. (uAvim) : ‘
\ o 2
N \m 2
1 N 4 l:‘ L] b £
\ r n L] 0 2
" U Ny N g
% - L I.R_\.\ , .
S . - e I i
g S sy gy
- i =if )
——y 1 04 ] I
T T T T T L . . . . T 0 T T T T T
a ] w L] w o 0 10 n w w 2 o 10 20 30 40 50
[Distance (em) Distance {em) Distance (cm)
Electric field strength for RA  Magnetic field strength for RA Power density for RA
16 £ 804 ro r L) »
8 B Flectic ied sength,for TS1 {m¥im) by " 3
o ngth,for TT1 (mYim) O Ik‘.\_‘I
\gE: :ii:?fﬂ::ﬁ; L L ~B Power Demsiy, for T81 (e’
® ! N ' - Bowe D)
1 N\ L} Y B Power [
\ i L8
" L ..‘ .
. \ : 1 5 = - ’
\ ' N1 g
= ~ . " S 8
0 P, B LN H
- b L ] " 1
= T I BN | "
L] 3 “I\t_' ]
. ]
1 . ; T 4 T T T T T 0 T T T T T
0 0 2 30 40 0 10 0 0 a0 50 ] 10 0 3 M El
Distance (cm) Distance (cm) Distance {cm)
Electric field strength for RU =~ Magnetic field strength for RU Power density for RU
I 45 4 rds
34
BN » - Magnete feld siength, o 51 (/) I ; S A
2 i 8- Blctic fldsrngth, e TS1 (m¥inp agoti fild g, e TS1 Gt - 8 Pour Densiy, fo TS1 (uwier?) 4
PR Electeic field stngth, for TTL (mVim) 0= Magnetic field sirengih, for TT fpim} 0. = Posser Density, for TT1 (widen’)
B Elecrc fcld sicrgeh, o 1HG (m¥im) " B 8 Poucr Densiy,for IH6 v’ z
wn Electric field strength, for ITL {m¥/m) \ \ oy | Power Density, for ITL (w/con’)
\ A Ll
h ] RN \
" . \NT \ -
\ 3 ! ‘ .
n " “a 0., é 154 \ n
% e £ .
\, LN ) \ [} ] ]
'-\_. \ pais 5 104 \\'
- | S H
n- " 12 \\ ] [2
g 15 54 —
< ] ~B—
IR 2% L S e I
—y | -
] 04 I
0 T T T T T T T T T T T T T - I
[} 10 E1 £} 0 0 0 1 n 0 0 10 20 30 I 0
Distance {cm) Distance {em) Distance (cm)

Electric field strength for VU = Magnetic field strength for VU  Power density for VU

B Eleetic fild srenth, for TS1 (¥ m} . 4
= - e fd stengt,for TT| (Vi) _ | a < - Magacic [ stengh, o 181 () 354 i
- Eleetric fied stiength, for 1H6 Vi) 3 31 @ Magacts fck stengle, for TTL (uvm) | 1y 0 N 8- Power D &
Bleciric ek suenga. fo [TL (Vi) - Ngncic e stengh, o IHG ) \ Power Ix a
i Magncic il sngth,for[TL (A N - Power D T
n \ e . ) £
i 3 . Power Densiy, for 1L uw/en’)
z \ s |t .
£y s N
E L] X N\ \ '
NN b
5 \ [ n
Z " %
o 1 Ll
3 —a\a \ L}
~ I \
2 N £ n {1
E e, B, Ll M b £
a1 “ad RN:\ N Py
N _ Ly ~
14 Al é - 0 —~
; ; ; ; : " ‘ ‘ . . —+ i 5J : : ; . —0
H M 0 0 » W 0 0 n n [ 50 1 10 % 1 W 50
Distane () Distnee ) Distnee fem)

Electric field strength for SU  Magnetic field strength for SU  Power density for SU

Figure 3. Variation of EMF parameters with distances from the tested phones for different call
engagement modes (a) Electric field strength (b) Magnetic field strength (c) Power density.

Table 3. Computed head SAR values at different operating frequencies of the phones
Phone type/model Frequency (MHz) SAR (107 W/kg)
P1 900 0.97
P2 900 2.65
P3 900 6.21
P4 1800 6.84

66



J. Int. Environmental Application & Science, Vol. 15(2): 62-67 (2020)

It can be inferred from a careful observation of the results that the mean values of power density
for VU mode are greater than those obtained for the SU mode with respect to the phones used.
Moreover, at measurement distance of 5 cm from the phones, Table 3 entries show that the computed
head SAR at 900 MHz ranges in value from 0.97x107 W/kg to 6.21x107 W/kg with P3 having the
highest. Observably, this maximum value of head SAR at 900 MHz and the value of 6.84x107 W/kg
obtained for P4 at 1800 MHz are less in the order of 10 than 1.8x10~* W/kg head SAR value got by
Shalangwa et al., (2011) and Kumar and Bhat, (2013) at a measured distance of 0.01 m from a 900
MHz mobile phone radiation source. This is, plausibly, due to differences in transmission power from
the transmission tower as well as antenna quality. Also, though the calculated head SAR values at both
frequencies are well below the regulated limit of 2.0 W/kg stipulated by (ICNIRP, 1998), P1 has the
least value possible. This means that with its use, the user can be sure of being exposed to the least
amount of radiofrequency radiation. It can be well said, based on equation 1 used in this work, that
SAR value varies positively with that of electric field strength. On the strength of this consideration, it
follows that the calculated head SAR value will only increase as the mobile phone is held closer to the
user’s head. This trend enjoys the support of, and resonates with the findings of (Kargel, 2005).

Conclusion

It was found in this work that electric field strength, magnetic field strength and power density
vary significantly among Tecno S1, Touching T1, Infinix hot 6 and Itel 1701 phone types and models
at same distances of measurement. Also, the results obtained revealed that variations in their call
engagement modes have no significant effect on the emitted radiations. Again, by having the least
value of head SAR, Tecno S1 could be rightly adjudged to be the safest, though all the phones used in
this study have head SAR values that are less than the limit stipulated by ICNIRP. Above all, the
findings from this work indicate that the selected phones cannot pose serious health problems to their
users.
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Abstract: In this study, an overview of the effect of turbulence on wind turbine
performance is presented. Flow Models with full description were generated to clearly
illustrate Winfield plots, 3 Dimensional Spatial Wind Flow Directions, Wake
Distribution Patterns behind the Rotors, and 3 Dimensional Spatial Turbulent Wind
Distribution Patterns. The power and the coefficient of power were examined from
the wake vortex simulation while the flow velocity cut plots at different wind speeds
(2,4, 6 and 8 m/s) and time steps (2, 4 and 6 s) were obtained using Q-Blade software.
The results revealed that, while the power coefficient was observed to decrease and
increase with increasing wind speed, the power output increased variably from
0.0416903 to 2.51354 kw as the wind speed also increased from 2 to 8 m/s at peak
time step of 6s. It was also found that, while the wind influx towards a wind turbine
can be displaced by extreme turbulence which subsequently displaces the wind
directions, reduces turbine trust, power coefficient and the power output; the wake
effect downstream can affect the wind speed and performance of other turbines
downwind. The characteristics and complexity of a given terrain as well as the
aforementioned factors should be considered while siting and operating a wind turbine
or wind farm.

Keywords: Modelling, Wind flow, Wind turbine, Wake vortices, Turbulence, Wind
direction,

Introduction

Atmospheric wind flow has a strong turbulence fluctuation and shows transient characteristics
(Kim & Kim, 2012). Upon approaching a wind turbine, the wind speed decreases and turbulence
increases. Consequently, rotation of the wind turbine blades results in turbulence, manifesting in the
form of rotational vertical wakes which are sustained behind the rotors in a distance for several miles
before being dissipated fully (Brand et al., 2011). The turbulence in the flow towards a wind turbine is
modelled on the basis of similarity theory in combination with computational fluid dynamics (CFD)
methods (Satoh, 2004). Mikkelsen (2013) investigated the effect of free stream turbulence on a model
wind turbine’s performance characteristics and the wake development downstream using a reference
wind speed of 10 m/s. The wind turbine was found to operate most efficiently at TSR~6, the peak power
coefficient (C,) without free stream turbulence was 0.461, while Cp of 0.45 was obtained with free
stream turbulence. Hence, the power coefficient seemed to be slightly reduced with increased levels of
turbulence, except at low tip speed ratios where the effect of stall dominated.

The effects of wind shear and inflow turbulence on the performance of a semisubmersible offshore
floating wind turbine was investigated by Li et al. (2018). It was observed that the ultimate structural
and fatigue damage loads at the blade root were augmented by inflow turbulence and wind shear. Both
the ultimate and fatigue damage loads increased as a result of inflow turbulence and wind shear. The
effect of inflow turbulence on the power generation was observed to depend on the operational state due
to the control scheme of the wind turbine.

Existing wind farm wake models vary from low-fidelity empirical and semi-empirical approaches
(Ainslie, 1988), to more complex high fidelity large-eddy simulations where the turbines are
parameterized using either an actuator disc (Jimenez, 2007), or an actuator line approach (Troldborg et
al., 2010, Troldborg et al., 2011). Actuator disk (Sanderse, 2000), and actuator line (Troldborg et al.,
2010), methods have been employed in simulating the rotor and aerodynamic flow around a wind turbine
by solving the NS equations, which enabled the CFD domain to cover the region extending from the
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rotor plane to several diameters downstream, and to fully compute the near and far vortex wake
elements.

WuBow et al. (2007) employed CFD model (ANSYS FLUENT 6.3 using the LES technique) to
simulate a full meandering turbulent wake using an incoming wind field that matches the IEC-61400
requirements. Tip or nacelle vortices were only slightly present in the near wake region which was
observed to meander horizontally and vertically. The relatively high velocity gradients experienced at
either the outer and inner edges of the wake in conjunction with the meandering contributed significantly
to the turbulence intensity observed on a ten-minute time scale. Zhang et al. (2012) investigated the
near-wake flow structure downwind of a wind turbine in a turbulent boundary layer, and observed that
the significant turbulence enhancement at a distance of three rotor diameters is associated with strong
wind shear and high mechanical production of turbulent kinetic energy at the top-tip level. The spatial
distribution of vorticity and swirling strength measured with High-resolution particle image velocimetry
(PIV) also revealed the presence of top-tip vortices, which persist up to about 2-3 rotor diameters
downwind of the turbine, longer than the hub/root vortices in the near wake region. The measurements
also revealed intense flow rotation and a highly non-axisymmetric distribution of the mean flow and
turbulence structure in the near wake.

In an experimental investigation conducted by Ozbay et al. (2016), on wake characteristics and
aeromechanics of Dual-Rotor Wind Turbines, the vortex structures were found to move outward with
the expansion of the wake flow as they moved downstream, and finally merged with the tip vortex
structures and eventually dissipated further downstream. In an experimental study on the evolution of
unsteady wake vortex structures in turbine wake flows, Tian et al. (2014), Hu et al. (2012), and Whale
et al. (2000) also observed related vortex structures at approximately 50-60% span of the rotor blades.
In this study, wind flow trajectories, wind field regime and characteristics were modelled at various
wind speeds, and their effects on horizontal axis wind turbine performance were examined.

Materials and Method

The flow around a rotor blade is modelled by using blade element/momentum theory and
employing sectional airfoil data (Serensen, 2011). The airfoil data have been found to depend heavily
on unsteady flow (Devinant et al., 2002). The airfoil data is practically obtained from a wind tunnel
experiments but can also be obtained through conventional methods such as computational fluid
dynamics or aerodynamic design methods. In this study, the flow around a rotor blade was modelled
using blade element/momentum theory embedded in QBlade software. A generator for turbulent
windfields and module to generate a simplified structural model is integrated in QBlade v0.8 which was
used to setup a FAST unsteady aeroelastic simulation reported in this study. Turbulent Windfield
Generator which is a submodule of QBlade uses the Sandia Method to create turbulent windfield. The
QBlade simulation interface is presented in Figure 1.

= QBlade 0.8 on XFLRS v6.06 o[ 5[]
File View Windfield Options 7

OB {0 NN & orel | T8 5

Windfield Timestep
New Windfield »] 100 J
Wind Field Creator &

Figure 1. QBlade simulation interface

The windfield objects generated were further used in a FAST simulation. From inside the FAST module,
aeroelastic FAST simulation was set up, simulated and post processed from QBlades internal database.
To setup a FAST simulation for the windfield, details of the rotor, simulation parameters, windfield
parameters and the blade structure were specified in the Parameter tab as shown in Table 1. This enabled
the visualization of different time steps using the slider inside the toolbar.
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Table 1. Flow parameters employed in the wind field simulation

Wind field Parameter Simulation Parameter Wind Field Properties Environment

Time: 60s Hub Height: 15 m 2 m/s Gravity: 9.81 m/s?

Time steps: 100 Measurement Height: 15 m 4 m/s Air Dens: 1.225 k/m?
Points per direction: 40 Turbulence Intensity: 5% 6 m/s Kin Visc: 1.4661e-05 m/s
No of blades: 3 Include Shear Layer: True 8 m/s

Nacelle Yaw: 0 Deg. Roughness Length: 1e-02 m

The degrees of freedom of the structural model (FlapDOF 1&2, EdgeDOF) was enabled in order to
effectively observe the simulation iterations through visual process. The simulation was initiated by
pressing the start simulation button from the dock. When the simulation was completed, the FAST
results were automatically loaded inside QBlades database for observation. The theory and mathematical
formulations upon which the simulation in this study is based are already embedded in the software, and
can be expressed in the following Equations:

Reynolds number which is considered as the inertial forces divided by viscous forces is given by

Equation 1.
Re = ==2 (1)

w
where U is the free stream velocity, D is the turbine diameter and v is the wind viscosity. The chord
Reynolds number Re. is the same as Equation 1, with the blade chord length ¢ being the characteristic
length scale:
The kinetic energy of an air mass m moving at a velocity U can be expressed as:

E =-my? ©)
The mass flow rate of air with density p, passing through the rotor cross-sectional area A is given by
Equation 3 while the power available in the air stream is expressed in Equation 4.

m = pUA 3)
P =2pUA (4)
The lift and drag coefficients, based on the lift L and drag D per unit length are given by Equation 5 and

6.
L

C, = % Q)
D
Cp = % (6)

where U, and ¢ denotes the chord length. The relative wind velocity Ure expressed in Equation 7, is the
relative velocity between the axial velocity U and the rotational velocity €2 at the local intermediate
radius r. The solidity ¢ of a turbine at a radial position r is given by Equation 8.

Ute = U? + (r2)* (7
o(r)= % (3

where B is the number of blades. The total solidity can then be found by integrating Equation 8 along
the blade radius. According to Fukumoto & Okulov (2005), Wind turbine wakes are modelled as helical
vortices which represents the region where the flow is spinning about an axis. Figure 2 shows the cross
sectional view of a helical vortex around a wind turbine rotor.

In a cylindrical coordinate system, the velocity field is described (Zheng & Wu, 2018) as follows:

_ T a3 772 > et* 1 [ 21%+9a*  21*+9p® _tE+ix
Up = 3 V@ +p?) (2 + a?)Im {—eis_eix t i laa (12+p2)3/2] log(1—e )}, (9a)
_r (I, r Y@+a?» te® L[ 3p?+21? 212+9a? _ E+ix
Uz = 2w {0} + 2nl 4[(12+p?) Re {eis‘—eix + 24 [(12+p2)3/2 + (l2+a2)3/2] log(l € )} (Ob)
r luy
‘LL¢ = ﬁ - 7 (9C)
where up,, u, and ug are the velocities in p, z and ¢ coordinates in Figure 2, I is the circulation of the

vortex filament and a is the radius of the helical vortex. To avoid singularity at the mid-section of the
helical vortex filament which may result in overestimated velocity values in the airflow close to the
vortex centre, flow velocity around the helix is modelled as the rotation core axis (Fukumoto & Okulov,
2005, Mulinazzi & Zheng, 2014).
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Figure 2. Cross sectional view of a helical vortex around a wind turbine rotor
r
v= a (10)

~ 2mo?
Where o is the core size of the helical vortex. Conservation of momentum and mass for the helical

control volume with a cross section shown in Figure 2 are given by Equation 11 and 12 (Odemark,
2012).

pu?y + puZ,(Ag — Ay) + hgigeUs — pULAg = =T (11)
and

pusAy + pUx(Ag — A1) + Misjge = pUssAg = Mgige = pA1 (U — Uz) (12)
Mass conservation is also expressed as:

m = pud = pu, 4, 13)
Combining Equation 11-13 yields:

T = pud(Us — uy) = m(Us, — uz) (14)

where U, is the free stream velocity (upstream), u; is the wind velocity downstream, T is the thrust
force, A is the rotor area, p is the air density, mg;4. and m are the total mass flow out of the surface area.
The wind velocity at the rotor plane is the mean between the velocity far upstream and downstream, and
can be expressed as:

U= U —uy) (15)
By defining a control volume following the streamlines and applying the conservation of energy, the
following relationship for the power P is found (Odemark, 2012).

=m(iyz +Px_1,2 Px =1 2 _ 2

P—m(ZUoo+p ~ud p)=>P—2pUA(UOO u2) (16)
where p., is the free stream static pressure. By introducing the axial induction factor a and applying
Equation 15, the power and the thrust forces can be expressed as:

P =2pU3%a(1—a)?A (17)
and
T =2pU%a(l1—a)A (18)

where the axial induction factor a is given by Equation 19 while the angular induction factor a’ is defined
by Equation 20.

_ Uo—uq

a=t2t (19)
;W

a = (20)

where (2 denotes the angular velocity of the wind turbine rotor, and w is the angular velocity imparted
to the flow stream. The dimensionless power and thrust coefficients thus become:

- P _ — )2
Cp—%pU%oA 4a (1—a) 20
and
T
CT—%—‘}Q(l—Q) (22)
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The tip speed ratio (TSR) A is the ratio between the rotational velocity at the tip of the blade and the free

stream velocity U, expressed in Equation 23:

1=%2Rr (23)
Ueo

Using the energy equation on a control volume that moves with the blade, the pressure difference across

the blade can be expressed as (Manwell et al., 2009):

P2 — D3 =p(.(2 +%a)) wr? (24)
where  is the angular velocity and R is the rotor radius. Applying Equation 20, 23 and 24, the thrust
on an annular element can be expressed in Equation 25.

dT =4ad’(1+ad’) %pQZrZZm"dr =4a(1l—a) %pUZZTL'TdT (25)
The torque Q, exerted on the blade, is equal to the change of angular momentum of the wake. Therefore,
the torque for an incremental annular area element, is given by Equation 26.

dQ = dm(wr)r = 4a’(1 — a)%pU.QrZZm‘dr (26)
The instantaneous wind speed in the three dimensions u, v and w can be defined as,

U =U,+u; =t +1u3 (27a)
v=V+v =v+v (27b)
w=W+w =w+w' (27¢)

The characterization of turbulence may be by a relatively constant short-term mean, with fluctuations
about the mean, and the probability density function that best describes the type of behaviour for
turbulence is the Gaussian distribution expressed as:

_ 1 _ (ul_Uoo)z
fur) = smewn |- =] 28)

2
209,

Turbulence intensity in the streamwise direction is given by Equation 29.

T, =% (29)
where g, is the standard deviation of wind speed variations about the mean wind speed

U.

Using the mean turbulent normal stresses %y , kinematic viscosity v' and the rotational speed of wake
w’, the turbulent kinetic energy can be quantified as:

k=§(a;a;)+(v_'17'+WW) (30)
The equation for the evolution of turbulent kinetic energy is expressed as:
VT =P—¢ 31)

where V.T' is the turbulent transport or turbulent diffusion, P is the production of turbulent kinetic
energy (the source) and € is the dissipation of turbulent kinetic energy.

Windfield Plots

Modelling of wind field is an important aspect of wind turbine blade related studies, as it provides
images as well as animated visuals of how the wind velocity impacts forces on the rotor blade to cause
its rotation. To understand the interplay between the rotor blade and its driving mechanism, wind field
must be modelled to effectively represent the wind speed range in the domain intended for the rotor
blade to perform. The flow field around a wind turbine may be characterized by two major mechanisms
including convection and turbulent diffusion (Vermeer et al., 2003). In this study, the wind field plots
as shown in Figure 3a-d represents the distribution of surface plot of the wind perpendicular to the
turbine axis. All wind heights are taken at 15m and a constant turbulence of 5%. A wind shear of 0.001m
is assumed for all wind fields. The simulation was run for 60s and results are shown at a time step of
100. The wind measurement height was at 15m from sea level.

Cold air which is denser, sinks to the ground because the air molecules are too heavy to soar higher
in the atmosphere while hot air which is less dense rises and in the process circulates across the
atmosphere. The air circulation process may be referred to as “Wind” because it is characterized by a
current of air flowing in various directions across the earth’s surface.
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Figure 3a. Winfield plot at mean wind speed of 2 m/s  Figure 3b. Winfield plot at mean wind speed of 4 m/s

100

Figure 3c. Winfield plot at mean wind speed of 6 m/s  Figure 3d: Winfield plot at mean wind speed of 8 m/s

Generally, wind direction which is usually parallel to isobars due to earth’s rotation may also be
horizontally transverse such that it either flows sideward from the direction it originates towards an
angle ranging from 0°- 360° and across the windfield as shown in Figure 4a-b, or may occur in the
vertically transvers direction as shown in Figure 4c-d. It should be noted that the rotational speed of a
given turbine blade is highly dependent on not only the wind speed but also on the wind direction.
Therefore, if the maximum wind flow is not towards a direction suitable enough to cause the wind
turbine rotor blade to attain its optimum speed, the wind turbine may perform below the expected
capacity. Hence, it is necessary for the wind direction in a particular region to be studied extensively
before mounting the wind turbine as well as its blades, as this can provide useful information on the
angle of attack or angle of incidence and the direction to which high velocity magnitude
gradient/maximum wind speed is expected.

Figure 4. 3 Dimensional Spatil ‘Wind Flow Directions
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The wind flow regime as observed in Figure 4a-d, shows a network of wind current that is distributed
across a given flow path. This is independent on the wind speed and dependent on the flow direction
which usually produce an aerodynamic wake region downstream from the rotor blade. There are two
major occurrences that take place during the operation of a wind turbine and rotation of its blade along
the axis. First, the turbine extracts energy from the windfield and in the process reduces the wind speed.
Second, turbulence is created in the air passing through the rotor blades which is then carried downwind.
In other words, the region at which wind flow recirculates downstream or immediately behind the
rotating blades which may be accompanied by flow separation and turbulence is known as wake. The
wake region is generally associated with some aerodynamic characteristics such as velocity deficit,
pressure differential, flow expansion, rotation of the wake field and increased turbulence. (Mckay et al.,
2012). The theory of wind turbine wakes is classified into two categories namely: near wake and far
wake. The near wake region deals with the extraction of energy from the wind by a single turbine,
whereas, the far wake is more particular about the effects on the downstream turbines (Marmidis et al,
2008). Zhang et al. (2012) observed that, while the wind turbine extracts momentum from the flow and
induces rotation, the stream-wise velocity decreases significantly and the lateral and vertical velocities
increase immediately behind the rotor. In addition, the wake grows with increasing downwind distance
from the rotor, as the stream-wise velocity increases and the other velocity components decrease. As the
wind flow proceeds downstream the wake spreads in a non-uniform pattern as shown in Figure 5 but
recovers towards free stream condition. The aerodynamic force driving the rotors result in an opposing
force on the air stream causing the air column to rotate. The low pressure column of rotating air expands
as it flows downstream of the turbine blades and consequently dissipates as the surrounding airflow
reaches equilibrium (McKay et al., 2011, Burton et al., 2001). In event of a single wind turbine unit, the
aforementioned wake does not have any effect on the wind turbine. However, in the event of a windfarm
which consists of multiple stands of wind turbine, wake may have a cascading effects on a number of
wind turbines in the farm. The wake effect becomes the aggregated influence on the energy produced
from a wind farm due to the variations in wind speed as a result of the turbine impact on one another. In
this case, each turbine unit extracting energy from the wind domain causes a reduction in the wind speed
flowing to the next unit, increases vibration due to turbulence, increases wear around contacting
members and increases maintenance cost. The radius of wake effect region downwind the rotors x, can
be expressed as (Li et al., 2017):
1

35\s 1 1
Ry = (3)° (3¢3)s (Crax): (32)
1
C]_ = l(Cqux)_g (33)
The wind speed reduction AU is described as:
1 [ 2 1 2 1 2
AU = — 2T (CrAx—?)s [Rgv(3cchAx)‘E - <(§)1° (3c21)‘5>] (34)

where A4 is the swept area, Tc is the thrust coefficient, ¢ is constant, Uwr is the average wind speed on
the wind turbines’ hub height. Turbulent flow patterns in the incoming wind are rotationally sampled by
the rotor blade. The turbulence in each section of the rotor blade is modelled on the basis of a spectrum
(Kaimal et al., 1972), in combination with inverse Fourier transforms (Veers, 1984) or an approach
based on rapid distortion theory (Mann, 1998).

As mentioned earlier, turbulence is created in the air flowing through the rotor blades as it rotates
along its axis. Turbulent flow is a set of seemingly random and continuously changing wind motions
that are superimposed on the wind’s average motion. As shown in Figure 6, it is characterized by
irregular swirls or fluctuations in the wind flowing towards and across the wind rotors, and is quantified
with a metric known as turbulence intensity. An increase in downstream turbulence is caused by wake
rotation, disruption of the air flow across the rotor blades and the vortices formed at the blade tips. This
results in variation in wind speed and increased displacement in wind direction, causing less power
being available for the downstream turbines (Mckay ef al., 2012). The incoming turbulent flow causes
the flow field in the boundary layer around the blades to transform rapidly into a turbulent boundary
layer. This increases the boundary layer thickness as indicated by the red regions in Figure 6 and hence,
the drag also. Effect of increased turbulence may result in increase in the power present in the wind
while drag forces may act negatively against it. This correlates with the findings of Mikkelsen (2013)
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who reported that turbulence increases the relative velocity of the wind which in turn increasing the
power extraction. However, at extremely high turbulence, wind direction may be displaced, leading to
decrease in the velocity of wind flowing towards the turbine rotors which consequently result in the
reduction of power output.

8 Wake Flow
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Figure 5. Wake distribution patterns behind the rotors

The mathematical equation for the relative velocity of a uniform non-turbulent flow field is given by
Equation 35, whereas, relative velocity of the incoming turbulent flow field is expressed in Equation 36.
Uber = Uler + 012 = U7, ,(1+2%) (35)

User = (Ures + u’)2 +(Qr+v)2 = U2 +u'? + (2r)? + v (36)

Brand et al. (2011) reported that the wind flowing towards a wind turbine is already turbulent, and in
the process of extracting energy from the turbulent wind creates additional turbulence. Atmospheric
turbulence impact wind energy through power performance, impacts on turbine loads, fatigue and wake
effects as well as noise propagation. Therefore, Understanding and considering turbulence before and
behind a wind turbine is believed to be vital in turbine applications (Miicke et al., 2010). The
aerodynamic power is a function of the rotor shaft torque and the rotor speed upon which turbulence
evolve. Atmospheric turbulence therefore gives rise to variations in the energy derived, power and
consequently the electricity produced. In addition, turbulence is believed to be very instrumental in
assessing energy yield in wind turbine applications (Gottschall & Peinke, 2008).

Results and Discussion

Vortex and Velocity Cut Plots

The following diagrams (Figure 7-10a-b) show the vortex flow and the velocity cut plots simulated at
different wind speeds, while power and wake properties are examined. The simulation data from the
turbine LLT simulation coupled with the different wind fields previously simulated are applied. A rotor
overhang length of 0.6m and a hub height of 15m was used. The upwind type simulation was selected;
the rotor shaft tilt was set at 5 deg in the downward direction. A TSR of 5 was selected for all scenarios
and the simulation was run for 10s time steps. The results were read after 6s. From Fiure 7a, It can be
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observed that as the flow progressed the velocity of wind along the axis of the turbine decreased steadily.
As shown in Figure 7b, It can also be seen that wake shedding began to occur at about halfway across
the cut plane at 4s. At 6s, it can be observed that the wind flow became more developed. The power was
found to reduce by 0.1% per every 2s. The coefficient of power was 0.560359 and the power obtained
was 0.041903Kw as shown in Figure 7b.

magnitude: 2.67 m/s
magnitude: 2.00 m/s

magnitude: 1.33 m/s

Time: 602837 &
Power: 0.0414903 kW

7 Global Cp: 0.560359

g V_in @ hub: 2.01147 m/s

r%f X Global

Figure 7b. Simulated profile of wake vortex trajectories at 2m/s.

magnitude: 5.33 m/fs

magnitude: 4,00 m/fs

magnitude: .47 mfs

Figure 8a. Velocity Magnitude cut plots at 4m/s after 2s, 4s and 6s
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Time: 6.00717 s
Power: 0.322752 kW
Cp: 0.542263
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Figure 8b. Simulated profile of wake vortex trajectories at 4 m/s

From Figure 8a, It can be seen that the flow is uniform at 4s just as shear begins. The reduction in power
is noticed in the third plot as it can be seen that the flow uniform length have reduced. The Vi, and Vou
is observed to increase due to an increase in the windspeed compared with the velocity plot at 2m/s. The
power output is found to increase to 0.3228KW as shown in Figure 8b. The drop in power extracted
from the wind to 0.54226 can be attributed to increased shedding and higher turbulence causing an
overall decrease in turbine thrust. From Figure 9a, the cut plots show greater wake shedding and
turbulence at 4s compared to the velocity plots at 4m/s. The velocity magnitude in Figure 9a is observed
to reduce uniformly in the flow as well as the coefficient of power when compared to previous plots.
The coefficient of power is 0.48407 and the power is found to be 0.96503Kw as presented in Figure 9b.
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Figure 9b. Velocity Magnitude cut plots at 6m/s after 2s, 4s and 6s
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Power: 0.945034 kKW
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Figure 9a. Simulated profile of wake vortex trajectries at 6m/s

77



J. Int. Environmental Application & Science, Vol. 15(2): 68-80 (2020)

From Figure 10a, the wind turbulence at this wind speed (8m/s) is highly increased, but it can be noticed
that the uniform flow length is greater than previous plots. This results in the increase in C, to 0.5279
and power output to 2.514Kw as shown in Figure 10b. Figure 11 represents a plot of power coefficient
and power output against wind speed. It can be observed from the plot that the power coefficient is not
coherent with the wind speed possibly as a result deviation in the direction of wind by extreme effect of
turbulence, whereas, the power output is coherent with the wind speed.

¥ Global X Global

magnitude: 10.47 m/fs
magnitude: 8.00 m/s

magnitude: 5.33 m/s

Figure 10b. Velocity Magnitude cut plots at 8m/s after 2s, 4s and 6s
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Figure 11. Plot of CP and P Vs wind speed
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Conclusion

Increasing the number of points or time steps in the simulation resulted in much larger computational
times and less computational errors. Furthermore, computational domain of atmospheric wind flow is
very large and complex, thus, requires very large number of computational meshes. The results of the
simulation revealed an increasing trend in power output (0.0416903, 0.322752, 0.965034 and 2.51354
kw) at increasing wind speeds (2, 4, 6 and 8 m/s) and varying trend in power coefficient (0.560359,
0.542263, 0.480407and 0.527881) at the same increasing wind speeds. The velocity magnitude cut plots
simulated for the same range of wind speeds and time steps (2, 4 and 6 s) indicate that, failure of the
wind velocity to attain optimum magnitude can affect the power coefficient as well as the energy
available in the wind for extraction. In other words, if the wind flow, aerodynamic and turbine conditions
are appropriate, the wind velocity can increase from few seconds or minutes, up to optimum magnitude
suitable to impact on the rotors and cause rotation. The 3 dimensional spatial turbulent wind distribution
patterns presented in this study shows that, turbulence in wind flow is characterised by wave patterns in
all degrees of rotation of the turbine blade, and at extreme condition can distort the direction of wind
flowing towards the rotors.
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Abstract: This paper presents the preliminary results of a micropaleontological study
performed on Guri e Pellumbit stratigraphic section, in Klos region (Mirdita area).
Benthic foraminifera together with “microproblematica”, calcareous algae and
calpionellids are the main components of Lower Cretaceous reefs and carbonate
platforms and have proved to be extremely helpful in the zonation of platform
carbonates. The mixture of typical elements of shallow water environments
(foraminifera, calcareous algae and microproblemica) with elements of deep
environments (calpionellids) and the specific microfacies shortly described in this
study are typical for an allodapic limestones (turbidites). Based on the
micropaleontological associations with biostratigraphical importance, the age of these
deposits is Upper Beriassian-Lower Valanginian.

Keywords: Early Cretaceous, benthic foraminifera, Mirdita zone, biostratigraphy,
Beriassian-Valanginian.

Introduction

The geological zone of Mirdita has wide spread in Albania, where the ophiolites which are the
major components, represent parts of the ocean basin expanded from Middle Triassic to Middle Jurassic
between the Adriatic plate and the Korab-Pelagonian continental microblock. The closure of Mirdita
ocean basin has occurred throughout Middle Jurassic until the beginning of Late Jurassic. (Xhomo 2002,
2005).

The Middle-Upper Jurassic and Jurassic-Cretaceous deposits covering the ophiolites and the
surrounding continental formations have been largely treated by many authors (Shehu et al. 1990,
Mego&Aliaj. 2000, Xhomo. 2002, Marku D. 1999, 2000, 2001).

This paper is focused on the micropaleontological and biostratigraphical study from a stratigraphic
section within the Jurassic-Cretaceous deposits, Guri i Pellumbit, in Klos (Mirdita area) represented by
carbonate deposits interpreted as slope sediments (Figuresl & 2).

Materials and Methods

Our study is based on the investigation of a number of 105 samples collected from a stratigraphic
section on the Beriassian-Valanginian carbonate deposits belonging to Mirdita geological zone,
followed by a detailed investigation of microfacies types and micropaleontological content under a Zeiss
Axioplan 2 imaging microscope.

The geological background of the section

In the studied section are present the ophiolitic formations and their covering deposits (Fig. 1, 2),
where the ophiolitic formations are represented by an oceanic crust sequence with gabbros at the bottom
and andesites with dacite-rhyolitic dykes on the top, while the deposits covering the ophiolites are
represented by:

- limited strips of "blocks in matrix" mélange covering the volcanic rocks. The age of these deposits is
given as Upper Callovian - Lower Oxfordian (Xhomo et al. 2002, Aliaj, Kodra 2016).

- "Firza" flysch deposits above the andesites with dacite-rhyolitic dykes where the next horizons have
been detailed:

* Corresponding: E-Mail; andreauta@gmail.com; Tel: +355688333026; Fax: +35542259540
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* Sandy-clayey-marly horizons of Beriassian age
* A thin horizon of Beriassian plately limestones.

* A shallow water carbonate horizon and slope deposits of Guri i Pellumbit section of Upper Beriassian-
Lower Valanginian age.

* Conglomerates and clayey-sandy-marly flysch deposits of Valanginian-? Hauterivian age.

Melo 1971 and Mego 1975 by studying the ammonites and calpionellides have assigned the
Beriassian age for the horizons below Guri i Pellumbit section. Regarding the above mendioned studies,
we think that the andesite with dacite-rhyolitic dykes stretching between the two lower flysch horizons
does not represent Beriassian volcanic activity or olistoliths in flysh and we interpret these volcanites as
the basement of Beriasian flysch deposits, repeated in the section as consequence of the Beriassian
synsedimentary tectonics.

These deposits are in a form of a horizon of several kilometers long and with an average thickness
of 50-70 m. In the northeastern part, these deposits are settled above the volcanic and "blocks in matrix"
melange, while in the southwestern part are stratigraphically placed above the flysch horizon and the
Beriassian plately limestone. In the ceiling of Guri i Pellumbit carbonate deposits, in the northern part,
are lying conglomerate deposits, while in the southern part, these conglomerates are facially passing
into clayey-sandy-marly flysch deposits.

Explanation
alQh Alluvial depositions of the Faniivogel river
Conglomeratic limestone of Lower Cretaceous; limestone
K1 with charophyte, orbitolides, gastropods, bivalvia
8 A v o) Argillaceous—sandstone Early flych with intercalations
= 1 | of rare sub-layers of marls
o
o ¥ 9| Earlyflych with congl t
g K} arly flych with conglomerate

F Id""' 1 Early flych with limestone of shallowwaters
™[ 1 ofGurilPellumbavearea

46 43(000
Early flysch of Fierza ﬁ

i Id’(‘ i Sandsotne — argillaceous —marly Early flych

<1
V“"F Andesite cut by dacite— rhyolite dykes series

(F vl, G| Gobbroicrocks

\ Stratigraphic section
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Figure 1.The geology of Guri i Pellumbit section, 1: 25 000 scale
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Figure 2. Stratigraphic column of Guri i Pellumbit section

Results

The next dominant microfacies types with their micropaleontological associations each of them pointing
to a specific depositional environment were identified in a number of 105 samples systematically
collected along the studied section.

Bioclastic peloidal packstone-grainstone

This microfacies is characterized by an abundant presence of bioclasts and peloids as allochems in the
micrite dominated matrix, where the larger allochems are represented by corals, sclerospongiaires,
echinoderms and bivalves, while the microfauna mainly consists of microbial structures, dasycladacean
algae, calpionellids and benthic foraminifera as: ?Reophax sp, Nodophtalmidium sp, Ammobaculites sp,
?Rectocyclammina sp, ?Schythiolina/Histerolina, Protopeneroplis cf. banatica, Protopeneroplis
ultragranulata, Neotrocholina sp.

Packstone/rudstone

This microfacies contains large fragments of corals, sclerospongiaires, bivales and a microfauna mainly
consisting of microbial structures, dasycladacean algae, rare calpionellids and benthic foraminifera as:
Protopeneroplis  ultragranulata, Mohlerina basiliensis, Lenticulina sp, Neotrocholina sp,
Ammobaculites, Nodophtalmidium sp

Bioclastic grainstone

This microfacies is characterized by abundant bioclasts and calcitic cement where the larger allochems
are generally represented by corals or sclerospongiaires fragments. The microfauna is represented by
microbial structures, dasycladacean algae and benthic foraminifera as: Protopeneroplis ultragranulata,
Coscinophragma sp, Scythiolina cf laurentii, Coscinoconus sp and dasycladacean algae:
Salpingoporella pygmaea, Suppiluliumaella polyreme,? Suppiluliumaella sp.
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Peloidal bioclastic grainstone

This microfacies is characterized by an abundant presence of peloids as allochems in the micrite
dominated matrix where most of these peloids are probably related with microbial activity [microbial
peloids as defined in Fligel (2004)]. The microfauna is represented by microbial organisms,
dasycladacean algae, calpionellids and benthic foraminifera: Coscinoconus cf. alpinus, Coscinoconus
alpinus, Haplophragmoides jourkovsky, Mohlerina basiliensis, Protopeneroplis ultragranulata,
Coscinoconus cf- alpinus, Haplophragmoides jourkovsky, Neotrocholina sp, Lenticulina sp;

Peloidal bioclastic packstone-grainstone

This microfacies consists of abundant peloids, bioclasts and sparry calcitic cement (if the texture is
dominantly grainstone) or micritic matrix (if the texture is dominantly packstone) as background
material. It consists of microbial structures, dasycladacean algae, calpionellids and benthic foraminifera:
Montsalevia salevensis, Haplophragmoides jourkovsky, Protopeneroplis ultragranulata, Mohlerina
basiliensis, Neotrocholina sp, Lenticulina sp, Coscinoconus sp. Most of these peloids are probably
related with microbial activity [microbial peloids as defined in Fliigel (2004)].

Bioclastic rudstone, packstone rudstone and rudstone/boundstone

This microfacies contains fragments of corals, sclerospongiaires, bryozoans, bivalves, gastropods and a
microfauna represented my microbial structures, dasycladacean algae, calpionellids and benthic
foraminifera: Protopeneroplis ultragranulata, Pseudocyclammina lituus, Everticyclammina sp,
Neotrocholina sp, Coscinoconus aff. delphinensis, Conscinoconus cherchiae, Coscinoconus sp,
Gaudryna ectypa, Mohlerina basiliensis, Charentia sp.

Bindstone

This microfacies is rich on Bacinella irregularis, bacinelloid and microbial structures, rudists and
sponigiaires fragments, algae and benthic foraminifera: Lithocodium aggregatum/Troglotella
incrustans, Troglotella incrustans and Mohlerina basiliensis, Protopeneroplis ultragranulata,
Coscinoconus delphinenis and miliolids.

Boundstones

Corals and sponges play a major role in the construction of the boundstones as well as the microbial
organisms that play a secondary role. The cavities and the spaces between the pores are filled with
different allochems, with a micrite or sparitic matrix, the calcite being the dominant cement. In most
cases the corals are recrystallized. Together with the corals and the sclerospongiaires, the others
organisms as Radiomura cautica, Crescentiella morronensis, Koskinobulina socialis, Terebella
lapilloides, Protopeneroplis ultragranulata, shows that these boundstones are formed in the marginal
reefal setting on the platform.

Microbialites

This microfacies fragments of corals, sclerospongiaires, echinoderms and bivalves and a microfauna
mainly represented by microbial stuctures, rare sections of calpionellids and benthic foraminifera as
Neotrocholina sp, Neotrocholina valdensis, Mohlerina basiliensis and Everticyclammina sp.

The above described microfacies are typical for an allodapic limestone - in fact, the whole sampled
section shows a mixture of elements of typical of shallow water and calpionellids, typical elements of
deep water - can be interpreted as slope sediments.

Discussions

Based on the above identified micropaleontological assemblages, the studied deposits were
assigned to the Upper Berriasian- Lower Valanginian (? Hauterivian) by taking into consideration the
next associations with biostratigraphical significance:

Benthic foraminifera as Pseudocyclammina lituus, Protopeneroplis ultragranulata, Mohlerina
basiliensis, Coscinoconus alpinus, Coscinoconus elongates are typical forms for Upper Jurassic but they
are also often found in the lower part of the Lower Cretaceous.
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Gaudryina ectypa is widely spread within the Lower Cretaceous (Beriasian-Albian) deposits but
the most typical species are Haplophragmoides joukowskyi, Montsalevia salevensis, Coscinoconus
cherchiae, Coscinoconus delphinensis, Neotrocholina valdensis and Protopeneroplis banatica which
are exclusively Beriassian-Valanginian species.

Haplophragmoides joukowskyi was firstly described from the deposits assigned to Valanginian
(Charollais et al., 1966), then from Berriasian-Valanginian deposits by Darsac (1983), Bucur et al.
(1995), Ivanova (2000) but also from the Hauterivian deposits (more exactely Lower Hauterivian)
(Bucur, 1988; Altiner, 1991; Sokac, 1983; Boisseau, 1987; Chiocchini et al., 1988; Veli¢, 1988; Altiner,
1991; Bucur et al., 1995; Ivanova, 2000; Husinec & Sokac, 2006).

Coscinoconus cherchiae (Arnaud-Vanneau, Boisseau & Darsac, 1988) and Coscinoconus
delphinensis (Arnaud- Vanneau, Boisseau & Darsac, 1988) are exclusively described from the
Beriasian-Valanginian deposits (Boisseau, 1987, Arnaud-Vanneau et al, 1988; Altiner, 1991; Chiocchini
et al, 1994; Bucur et al, 1995; Mancinelli & Coccia, 1999); Only Coscinoconus delphinensis was
described from the Upper Tithonian deposits (Gorbachik & Mohamad 1997).

Montsalevia salevensis was firstly described from the Valangian deposits (Charollais et al., 1966)
and then from the Upper Beriassian (Salvini, Bonnard et al, 1984; Zaninetti et al, 1987; Chiocchini et
al, 1994) or Hauterivian (Lower Hauterivian (Masse, 1976, Peybernes, 1976; Bucur, 1988), but almost
all references of this species are from the Valanginian deposits (Azema et al, 1977;. Vila, 1980, Darsac,
1983; Veli¢& Sokac, 1983, Boisseau, 1987; Chiocchini et al, 1988; Veli¢, 1988; Altiner 1991; Bucur et
al, 1995; Ivanova 2000, Husinec & Soka¢ 2006, Schlagintweit & Gawlick, 2006; Granier & Bucur,
2011; Bonin et al, 2012).

-Neotrocholina valdensis Reichel, 1955 which is was initially described as typical for the Valanginian
deposits (Reichel, 1955) as type species for Neotrocholina is very often described as typical species for
the deposits exclusively assigned to Beriassian-Valanginian (Vila, 1980, Darsac, 1983, Boisseau,
1987, Granier, 1987, Bucur, 1988, Chiocchin et al, 1988, Altiner, 1991, Luperto Sinni & Masse, 1994;
Bucur et al., 1995; Neagu, 1995; Clark & Boudagher-Fadel, 2001.

-Neotrocholina valdensis Reichel, 1955 was described as Valanginian species (Reichel, 1955) but now
is mentioned as exclusively Beriasian-Valanginian species (Vila, 1980, Darsac, 1983, Boisseau, 1987,
Granier, 1987, Bucur, 1988, Chiocchin et al, 1988, Altiner, 1991, Luperto Sinni & Masse, 1994; Bucur
et al., 1995; Neagu, 1995; Clark & Boudagher-Fadel, 2001.

-Protopeneroplis banatica Bucur, 1993. P. banatica which was firstly described (si Protopeneroplis aff.
trochronulata) as hauterivian species (Bucur, 1988); then assigned to Late Valanginian-Early
Hauterivian (Bucur, 1991), also identified in southeastern France, (Blanc et al., 1992), in Serbia within
the Valanginian deposits (Bucur et al., 1995) and in Slovenia from the Valanginian and Aptian deposits
(Bucur, 1997).

A special regard is accorded to Protopeneroplis ultragranulata (Gorbachik, 1971) firstly described
from the Lower Cretaceous deposits from Crimea (Gorbachik,1971) and considered for a long time as
a marker for the Beriassian-Valanginian, but later was also described from the Middle Tithonian (Heinz
& Isenschmidt, 1988) or from the Barremian deposits (Bucur, 1993, 1997; Arnaud-Vanneau & Sliter,
1995, nén Protopeneroplis sp.) but in the literature is very often described from the Beriassian-Lower
Valanginian (Azema et al., 1977; Azema et al., 1979; Salvini-Bonnard et al., 1984; Boisseau, 1987;
Granier, 1987; Zaninetti et al., 1988 , Bucur, 1988, Chiocchini et al., 1988; Veli¢, 1988; Chiocchini et
al., 1994; Bucur et al., 1995). Bucur (1993, 1997).

Spiraloconulus suprajurasicus Schlagintweit, 2011 also has a special significance, this foraminifer
being described in the Upper Jurassic -? Beriasian deposits from the Northern Calcareous Alps
(Schlagintweit, 2011), then mentioned and described from the Tithonian- Upper Beriasian deposits in
the Haghimas area (Eastern Carpathians, Romania) by Bucur et al. (2011) and Dragastan (2011).
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Figure 3. 1. Zujovicella polonini, 2. Neomeris sp., 3. Steinmanniporella sp., 4. Griphoporella sp, 5. Arabicodium
sp., 6. Salpingoporella praturloni, 7. Suppiluliumaella polyreme, 8. Terquemella sp., 9. Koskinobulina
socialis? 10. Terebella lapilloides sp., 11. Crescentiella morronensis, 12. Radiomura cautica, 13.
Rodhpletzella sp., 14. Bacinella irregularis sp., 15. Lithocodium-Troglotella incrustans16. Conscinoconus
cherchiae, 17. Coscinoconus campanellus, 18. Coscinoconus alpinus
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Figure 4. 1.Gaudryna ectypa sp., 2. Mohlerina basiliensis, 3. Everticyclammina sps., 4. Spiraloconus
suprajurassicus, 5. Pseudocyclammina lituus 6. Protopeneroplis ultragranulata 7. Neotrocholina
valdensis, 8. Ammobaculites sp., 9. Charentia sp., 10. Scythiolina cf laurentii, 11. Calpionellites darderi
12. Tintinopsella. carpathica,. 13. Tintinopsella longa, 14. Calpionellopsis, 15. Calpionella elliptica, 16.
Calpionella alpina, 17. Remaniella cadischiana

Conclusions

Numerous studies throughout the years have proved that in the regional context during Jurassic-
Cretaceous time the existence of a deep basin where “Firza" flysch (Xhomo 2002) was deposited.

In the central part of Mirdita zone and rarely in its eastern part, there have been existed sectors that
during Beriassian and Valanginian have been occupied by shallow water carbonate deposits (Mego
1975, Peza 1983, Schlagintweit 2006).

As in the Guri i Pellumbit section, also in Kreje Lura region, the calpionelides have been signaled
within the shallow water carbonate limestone deposits as Calpionellopsis biozone of Beriassian age and
Calpionellites darderi of Lower Valanginian age (Peza et al. 1983).

The next microfacies were identified: peloidal bioclastic packstone-grainstone, packstone-
rudstone, bioclastic grainstone, bioclastic peloidal packstone-grainstone, rudstone, packstone-rudstone,
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bioclastic rudstone-boundstone, bindstone and microbialites which together with their microfaunistic
associations allow us to interpret the whole succession as slope deposits.

Taking into consideration all the microfacies and microfaunistic associations described above along
with the geological context, Guri i Pellumbit section can be interpreted as an isolated "haut fond" type
platform where bioclasts with shallow water origin have been transported and resettled by turbidic
currents and are mixed with typical deep water biota represented by calpionellides.

The age of this section on the basis of foraminifera and calpionellides is Upper Beriassian-Lower
Valanginian.
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Abstract: The European Landscape Convention describes landscape planning as
strong future actions for the development, improvement and creation of landscapes.
In parallel to this, it also highlights the necessity to train landscape-related experts
and to provide planning education in various educational institutions while stressing
the importance of the sustainable planning of landscapes under various headings.
Landscape architecture departments, which gave their first graduates in our country
in 1973, have since had a landscape planning infrastructure. This infrastructure
constitutes an important place in the landscape architecture education process.
Almost all landscape architecture departments in Turkey have landscape planning
division. Landscape planning is also considered to be a necessary process for the
protection and sustainable use of landscapes on a local, regional, territorial, and even
global scale. Gokgeada, the largest island in Turkey, is one of the settlements which
need sustainable land use decisions with its different natural and cultural landscape
features. The island, which is in the process of declaring an organic agricultural
center through the support of the Ministry of Agriculture and Forestry and related
provincial agencies while also trying to meet high tourism demands, is under the
influence of different sectors in terms of future land use decisions. Thus, Gék¢eada
was selected as a field of study for the Project V (Planning Studio) course which
was carried out during the fall semester of the 2016-2017 academic year by the
Department of Landscape Architecture in the Faculty of Architecture and Design of
Canakkale Onsekiz Mart University. In the operation of the studio, students
experienced a planning process with all the steps, starting with the description of the
subject and problem. In this study, as a result of the functioning of the Gokgeada
landscape planning studio mentioned above as well as its gains and limitations for
students and their research, spatial decisions for the future of the island have been
put forward. In addition, the operational problems of landscape planning studios and
their solutions have been expressed through the Gokgeada studio.

Keywords: Landscape Planning Studio, Island Landscape, Gok¢eada, Canakkale

Introduction

Landscape planning in the European Landscape Convention (ELC) is defined as strong prudential
actions on development, improvement, and creation of landscapes (Official Gazette, 2003). Ahern
(2002) mentions that landscape planning aims to protect rare, scarce, and unique resources with
controlled usage, prevent potential threats and pre-identify arecas suitable for development (Kaptan
Ayhan and Hepcan, 2009).

With landscape planning, ecological principles are included in spatial planning. What makes the
landscape plan different from other physical plans is that this plan is the result of an ecologically based
planning (Ortagesme, 2007; Cetinkaya & Uzun, 2014). The ELC, which Turkey signed in 2000, states
that the landscape should be put into practice for all country policies on various scales. Besides, each
country that signed this agreement is committed to creating and implementing landscape policies for
the protection, management, and planning of the landscape. Further, the ELC considers the awareness
of civil society, the public and private sectors under the heading "Special Measures" on the value of
landscaping and the effects of changes in landscapes. The subheading "Training and Education" under
the same title includes articles about the training of landscape-related experts, the creation of
multidisciplinary education programs, and the provision of courses covering the preservation,
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development, management, and planning of landscapes in universities and other educational
institutions (Official Gazette, 2003).

The Landscape Architecture Education in Turkey began in 1968 on a departmental basis and gave
its first graduates in 1973. Since then, there has been a landscape planning infrastructure in landscape
architecture departments; however, it has not reached the expected/desired level (Uzun et al. 2019).
Although there has not been an agreement on the practice of landscape planning education (course
time, number of semesters, class content, efc.) in the departments, landscape planning studios and
related courses hold an extremely important place in the education of students.

In this study, the Project V (Planning Studio) course, conducted in the fall semester of the 2016-
2017 academic year in the Department of Landscape Architecture in the Faculty of Architecture and
Design of Canakkale Onsekiz Mart University, has been evaluated. Thus, it is aimed to discuss the
achievements and limitations of the planning studio operation in landscape architecture education for
the students. Within the scope of this course, 31 students were shared between 2 faculty members
responsible for the course. The content of this study was based on the plans and reports of two
different groups selected from Group A (consisting of 15 students).

As the study area, Gokgeada district of Canakkale Province, which is an important settlement in
terms of its historical, ethnic, agricultural and touristic aspects and contains different landscaping and
field use samples, was selected.

This decision was made in relation to the fact that students would come across many different
forms of land use and that the island has special examples of urban, rural and coastal landscapes. In
addition, the study area faced unplanned and uncontrolled tourism movements, especially in recent
years. Therefore, it is obvious that Gokgeada's future should be constructed with approaches based on
sustainable use of resources.

Material and Method

The main material of the study consists of the Gokgeada district and the reports and maps put
forward by the students during the studio process. Written and visual information and documents
related to the field were used in the preparation of these reports and plans. In addition, information
was obtained through oral interviews with various institutions. All of these are other research
materials.

Study Area: Gokgeada District

Gokeeada district of Canakkale province is in the northeast of the Aegean Sea (Figure 1). The
area is 289km? and the shore length is 95 km. (Gokgeada Kentsel Tasarim Rehberi, 2016). The
population of the island was 8769 in 2017, and 9440 according to the data of 2019 (Turkish Statistical
Institute, 2020). There are 9 villages in the district. Tepekoy, Derekdy, Kalekdy, Bademli and Zeytinli
villages are ancient Greek villages. Eselek, Sirinkdy, Ugurlu and Yeni Bademli are state-owned
settlement villages. In terms of historical development, it is estimated that the first settlement on the
island was between 3000 and 2000 B.C. (Kahraman, 2006). The Pelasgians (Achaeans) were the first
tribe to settle on Gokgeada (Ozbek, 2008), and the island had been dominated by many different
realms (Rome, Latin, Venice and Genoese and finally Ottoman) throughout its history (Gokgeada
Urban Design Guide, 2016). Lastly, on September 22, 1923, the island joined the territory of the
Republic of Turkey under the Treaty of Lausanne (Capa, 2017). A great part of the Greek population,
which was dominant until 1946, emigrated to Greece after 1960. The previous name of the island,
Imbros, was changed to Gokgeada on this date. The Greeks who have left with migration keep their
bonds with Gok¢eada and visit the island on various special and religious days. Some of them resettled
in the island after their retirement (South Marmara Development Agency, 2012).

The service sector and agricultural activities in Gokgeada are the two most important branches of
the economic structure. Avci (2008) indicates that olive and grains are the most significant agricultural
products of the island. The Imbros sheep, which is unique to the island, also has an important role in
animal production (Konyali et al., 2004). Beekeeping activities are also developing due to organic
agricultural projects (Sahin, 2015). Avcr (2008) says that viticulture is decreasing compared to the
periods when the Greek population was dense. In addition, efforts to declare Gokgeada as an organic
farming island continues with the cooperation and support of central and local administrations and
related institutions. The fact that the natural landscape is not polluted with any industrial activities
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makes the agricultural activities in Gokgeada unique and important. However, the fact that the area is
an island also causes it to be more ecologically fragile.
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Figure 1. Gokgeada’s Geographic Location (ESRI, 2016, Cengiz et al., 2009)

In addition to its agricultural potential, Gok¢eada also has a rich cultural landscape with
important traces of Aegean islands’ settlement culture and traditional living habits. Additionally, due
to the limited access to the mainland (although significant improvement has been achieved compared
to past years), the people living on the island have learned to meet their own needs and turned this into
a way of life. Today, this culture, which is part of the past and was born of limitations, is an important
cultural value of the island. In addition, this cultural value is a rural development tool of the island
(island-specific products in national markets) in terms of gastronomy. Gokg¢eada was joined
International Slow City Network (Cittaslow) in 2011 with a project that began with this movement.
The island remains the first and only island in the world to achieve this status (Ozdemir and Kaptan
Ayhan, 2019).

With its natural and cultural values, especially in recent years, the island faces an increasing
tourism demand. The relative increase in transportation opportunities, advertisements through written
and visual press and social media has made the island an important destination. However, these
economy-focused tourism activities, which are far from any planning, pose a threat to Gok¢eada.

Considering all these assessments, this course is looking for an answer to the following question:
"On which areas and sectors should the future of Gék¢eada be built?"

The method of this study is based on the operation of the planning studio, which is carried out in
the fall semester of the 2016-2017 academic year. Within the framework of the studio, the current state
of the natural and cultural landscapes of Gokceada was analyzed and planning studies based on
sustainable use were revealed in line with this analysis. Within the scope of the course, firstly, data for
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the natural and cultural landscape of Gokceada were obtained for analysis studies. Then, for the
purpose of on-site survey and observation, a technical trip to Gok¢eada was held between 13-14
October 2016 with 2 faculty members, 2 research assistants, and 31 students. During the technical trip,
a meeting with the Mayor of Gokgeada took place in addition to field survey, and information about
the current state of the island, its problems and future projects planned by the authorities was obtained.
In addition, the students conducted interviews with local people, obtaining various information about
the island, both from the past and present.

After the data collection phase, the students analyzed land-use suitability in Gok¢eada. AutoCAD
and Photoshop software were used in these analyses. Consequently, the students came up with
suggestions about which sector and identity could help Goékgeada reach a sustainable future. The
limited use of geographic information systems software is mentioned in the "Results and Discussion"
section.

Results and Discussion
Revealing the Current Situation

After deciding on the study area, the students were expected to collect data on Gokgeada's
natural and cultural landscape. They, then, conducted on-site observations and inspections during the
technical trip. Notes, photographs and information obtained from the mayor's office and local public
interviews during this stage also helped establish the current state of the area. All the data collected
from the study area are shown in Table 1. Revealing the current situation was very important to
effectively continue the planning process, and the students, therefore, understood the importance of
written resource diversity and personally took over the process of acquiring information and
documents from institutions and organizations in person. They also experienced the necessity to
allocate information as necessary/unnecessary in the process of reporting these spatial planning and
plan decisions. In addition, during the technical trip, they followed the footsteps of traditional life and
the traces of the Greek-Turkish culture’s common features, while trying to get to know Gokgeada with
all its landscape features. They submitted a "Current Situation Report" according to all information,
documents and maps provided and prepared “the Current Situation maps” (Natural Landscape/
Cultural Landscape) (Figure 2-3).

Table 1. Current status data of the Study Area
Topographic Structure
Flora
Fauna
Natural Structure Climate
Soil Properties
Geology
Hydrology
Urban Infrastructure
Spatial Features Urban Conservation Areas
Rural Conservation Areas
Vegetable Production
Economic Structure Animal Production
Tourism
Demographic Data
Health Care
Sociocultural Structure Education Services
Transportation Services
Traditional Living Habits
Historical Development
Archaeology
Historical and Location Properties
Administrative Structure  Historical/Traditional Villages - Settlement Villages
Zoning Plans
Investment-Incentive Areas
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Figure3. (Cultural/Natural) Current Situation Maps (Group 2: Yagmur Miirsitoglu, Mercan Kurtali,

Gizem Ertiirk Silak, Saliha Maleri)

Land Use Suitability Analysis

The students overlaid thematic maps according to the data obtained and spatialized at the

previous stage. Then, they carried out suitability analyses for Gokgeada's current and future land use.
As a result, they attempted to determine the optimal areas for forests, agriculture/pasture and
tourism/recreation uses (Figure 4-5). In addition, they developed several recommendations for these
identified uses.
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Figure 5. Land use suitability maps (Group 2)
In the process of deciding on the sustainable future of Gokgeada, both student groups accepted

the consideration of protection-use balance, staying within the limits of ecological thresholds, and the
persistence of conservation decisions as their main principles. In this context, the main uses which
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both groups recommended for the island are organic agriculture and tourism according to the island’s
ecology and cultural texture. The plan decisions created for this is generally as follows:

1.Agricultural activities are particularly important on islands. The fact that access to the
mainland is not always possible is forcing the island people to meet their own nutritional needs.
Therefore, agricultural production is an indispensable life culture for the island. That is why it is
necessary to continue the traditional and modern agricultural methods by combining them. In addition;
the efforts to declare Bozcaada and Gokgeada as “organic agriculture island” with the cooperation of
both central and local administrations and related institutions are extremely important for rural
development. The continuity of agricultural activities is an issue that should be emphasized in terms of
not allowing the whole economic structure of the island to depend on tourism activities and preventing
misuse of agricultural land.

2. Olive cultivation has an important potential which should be considered in terms of island
agriculture. A variety of olive named Ladolia is especially important, since it grows only in Gok¢eada
in Turkey and has a unique smell and taste properties.

3. Viticulture and winemaking is a very old culture of Gokgeada. According to Avci (2008), the
discovery of carbonized grape seeds from the 2900s BC indicates that viticulture activities have been
carried out on the island since ancient times. The production of homemade wine, a tradition from past,
must be supported by complying the process with the laws and regulations.

4. In terms of animal production, Imbros Sheep is especially important. This species, which is
cultivated on the island in conditions that can be considered "wild" (Konyali at al/, 2004), is under
protection as a genetic resource. Studies focused on Imroz sheep production should be increased. In
addition, Gok¢eada has the potential to develop in terms of beekeeping activities.

5. The continuity of agricultural activities in Gokgeada should be ensured by the cooperation of
the state and relevant institutions and organizations. Furthermore, the quality of island agriculture will
improve, and the market share of the products will increase by providing related training to farmers.

6. Tourism is a sector that both groups of students recommend for Gokgeada’s future. However,
the inability to achieve economic satisfaction from agricultural activities leads local people to tourism.
The island is suitable for coastal tourism for only 2-3 months due to its climatic properties. The lack of
planning to spread tourism throughout the year causes intense visitor pressure in this period. This
situation results in insufficient accommodation capacity. For this reason, the public ignores the
necessity of protection decisions and approaches positively to various zoning decisions made
especially for marginal lands. Awareness of the local people towards the protection of the island's
natural and cultural values should be increased through various educational activities. With various
educational studies, local awareness on the protection of the island's natural and cultural values should
be increased.

7. Tourism activities to be carried out in Gdkgeada should be planned carefully to prevent a
mass tourism effect. Tourism construction should prioritize protection and should be conducted in
harmony with the traditional architectural texture and the living culture of the island.

8. In coastal tourism activities, the human impact is felt most intensely. The balance between
protection and usage must be contained in coastal planning.

9. The sustainable future of Gokc¢eada will be possible through the planning of agricultural and
tourism activities together and in relation to each other. Starting from here, agricultural tourism has
been given a wide coverage for planning. Maintaining the stages of agricultural activities, spanning the
whole year (pruning, harvesting, etc.) in parallel with tourism, and making Gokgeada a destination for
individuals adopting this tourism concept were suggested.

10. The understanding of sea-sun-sand oriented tourism in the past is now replaced with a
highly aware thinking structure that respects nature, culture and traditional life and would like to
experience it. The Slow City status is an important approach, especially for foreign and local tourists
who embrace this type of tourism. The Slow City approach, which includes many criteria, such as the
protection of the original rural and urban character and the survival of traditional handicrafts, is an
opportunity to carefully evaluate Gokgeada's sustainability. At this point, previous studies aiming to
raise the awareness level of the local people regarding the concept of a slow city — such as giving
nutrition and taste training in primary schools with the collaboration of Slow Food Gokgeada
Convivium and the Department of Gastronomy in the Gokc¢eada School of Applied Sciences of
Canakkale Onsekiz Mart University; determining traditional professions and related handicrafts in
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relation to Traditional Professions: A Study of Oral History in Gokg¢eada in 2006 conducted through
the support of the same cooperation; the introduction of an oral history documenting work on
Gokgeada Cuisine and its publication as a book entitled "Slow Food and Gokgeada: A Managerial
Approach"; and the publication of another book entitled “Slow Movement” in 2010 and its distribution
to the local public (Ozdemir & Kaptan Ayhan, 2019) — should be repeated. It would also be an
important step for the local authorities to own the title of Slow City and focus on projects towards the
criteria that must be met in order to preserve this title.

In accordance with the planning studio which is the subject of this study, student groups
examined the existing natural and cultural landscape values through an example area and brought
various plan proposals focused on the sustainability of Gokgeada's cultural identity. However, another
purpose of this study is to reveal the achievements and limitations of planning studios in landscape
architecture education. In the context of this project and the Gokgeada planning studio example,
student gains and problems encountered can be sorted as follows, according to Uzun et al. (2019):

Planning Studio Achievements

The students, who experienced the whole process of landscape planning from the beginning,
grasp the evaluation of many different disciplines via planning. With this studio, the students
experienced the necessity of multidisciplinary work in order to achieve the resulting product while
planning in an area with both natural and cultural resources, such as Gok¢eada.

They gained experience in achieving results by performing the exact process described
theoretically in the landscape planning course. They also gained experience on the importance of
teamwork and how they could turn individual differences into an advantage. In this course, the
students were free for choosing their groups. The number of students in the groups changed between 2
and 5 times. At this point, the students learned task sharing, fulfilling their responsibilities promptly
and developing an awareness of taking joint action.

They clearly experienced the importance of the concept of geographic information systems and
using the software. The use of GIS software provides great convenience in planning efforts within
today's technology. However, the students experienced several difficulties during the data processing
and planning due to their GIS usage limitations. In addition, the lack of Photoshop software and
similar programs used for overlays as well as the program’s lack of details needed to achieve the
desired result also increased their awareness and desire to learn about GIS software.

They also gained experience in the data collection phase during the planning project. They
understood the importance of digital data along with which information and documents they needed to
access and from which institutions they could obtain information and documents. They experienced
the necessity of a systematic data collection process while working in an area such as Gok¢eada where
access to the island was relatively limited.

In terms of sustainability, they learned about the necessity and importance of defining and
classifying landscapes and they gain the ability to carry out these basic steps. Gokceada, the largest
one among a few islands of Turkey, contains many different landscapes. With this study, they
understood the importance of identifying and classifying landscapes, thus ensuring sustainable use,
with the example of Gokceada. In addition, they carried out very basic studies on the identification and
classification of landscapes. As a result, their awareness about the importance of the determination of
landscape characters on the local, regional and national scale increased and they gained experience in
the preparation process of landscape atlases.

With the contribution of all other courses associated with the planning studio, the students who
completed this studio gained the competence to recognize and analyze different landscapes and to plan
these landscapes without ignoring the social needs and characteristics, with a perspective on
sustainability. The obvious effect of the Greek culture in Gokgeada is still perceived in many parts of
life. There are also settlement villages on the island built for individuals from different regions of
Turkey. This has created a wide variety for the island's living culture. As a consequence of this study,
the students stepped up to gain the planning ability to satisfy different spatial desires and habits of
different cultures. While finding solutions for different sectors (agriculture, tourism, etc.), they also
gained the ability to produce plans that would correlate with the ecological basis.
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Problems and Limitations Faced During Planning Studio Courses

Difficulties were faced in the supply of printed/digital map data on natural and cultural
landscape elements required in planning studies. The faculty members were obligated to choose from
the available data. This issue leads to repetition.

Departmental quota determined by the Council of Higher Education (YOK) is increasing with
each passing year. The average number of classroom size is 70, leading to both spatial inefficiencies
and a considerable increase in the number of students per each faculty member. Even the presence of
31 students during the planning studio, which is the subject of this study, led to limitations in terms of
both accommodation and in-area transportation. Similarly, crowded classes make it difficult to allocate
vehicles to transport students to the field.

The insufficient knowledge and experience of the students in GIS programs negatively affected
the planning process, especially during the data analysis phase. The students tried to come to a
solution using AutoCAD and Photoshop programs in this studio for similar reasons.

There were also problems with area selection for the planning studio. At least a two-day travel
program with accommodation was needed in order to have enough time required for necessary
inspections and observations in the area, local interviews and surveys with residents and related public
institutions and organizations. However, the desired land trip planning could not be made due to the
conflicts in the weekly curriculum of the students and faculty members, along with the economic
inadequacies of the students and the university.

If daytrips are preferred, the study area repetition issue occurs. In this context, the selection of
Gokgeada as a study field ensured that the students had a different experience in terms of land travel,
but economic limitations were handled only through the contributions of the university and Gokceada
Municipality. Considering that the classroom sizes are more than 2 times higher today unlike the
period when the project started, it was difficult to provide similar economic supports.

The students were unable to establish the connection between the design and planning scale at
the expected speed and had difficulties in developing a holistic perspective and reaching conclusions.
They also had a difficulty in connecting the studio with the courses they previously took to form a
basis for the planning studio.

Conclusion

In planning-design education, studios are the most accurate courses that shape students in the
process from theory to practice. As it is also stated in various studies in departments which focus on
design and planning education and in which the studio outputs and results are discussed (Dikmen,
2011, Yasar and Diizgiines, 2013, Alpak et al., 2018, Acar and Bekar, 2017, Ter and Derman, 2018,
Erdogan, 2018, Altanlar, 2018), it is possible for students to gain professionally necessary abilities
such as developing concrete and abstract concepts, solution-oriented approaches and ecology-based
solutions in these studios. Planning and design studios must have sufficient equipment, including
physical facilities and technological infrastructure, in order to educate students from object design to
spatial planning and to give students the ability to work as a team.

The high efficiency processing of these classes will allow the student to begin to work as a
graduate with the best potential. In this context, it is necessary to ensure the urgent reduction of
departmental quotas, to support departments in terms of hardware and software to ensure the necessary
development in GIS, to program the term schedule to allow GIS and planning classes to support each
other in class schedules, and to provide necessary facilities for at least two-day land trips which are the
absolute requirements for planning studios. The legal and administrative inclusion of landscape
planning in spatial planning processes (Asur & Alphan, 2018; Yilmaz Kaya & Uzun, 2019) will
encourage students to be more interested and productive in landscape planning studios. Inter-
departmental studio collaborations are also important for students to learn different perspectives. A
stronger connection should be established between courses and planning studios that can build support
in landscape planning studios, and students should get prepared for this process. In theoretical courses,
day trips or shorter field trips will help students adapt to planning processes.

This study, which aims to reveal the process of the operation of the course within the planning
studio, the achievements and limitations of students in the course, and the results of students’
outcomes despite restrictions, is supportive in the process of the proper construction of planning
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studios, especially in the landscape architecture departments that have not yet started their educational
activities.

Defining and classifying landscapes is a commitment of Turkey, as well as all countries that
have signed the ELC, as stated in the agreement. In addition, integrating landscape plans with our
country's spatial planning system is necessary for this process to go appropriately. Planning studies in
both urban and rural areas are crucial to the sustainable future of the country. Accurate analysis of
natural and cultural data will only be possible with educated individuals equipped both theoretically
and in terms of land studies. For this purpose, it will be the most appropriate step to improve the
quality of education in the departments of landscape architecture, to establish relevant standards, and
to build consensus as much as possible for landscape planning and planning studio courses.
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Abstract: The hemp plant has two important products in terms of use, one is the
stems and fibers obtained from them, the other is the seeds and oil. In this study was
aimed to determine some yield characteristics of hemp varieties and populations in
Tokat ecological conditions. In the experiment, five local hemp populations and two
industrial type hemp cultivars were used as materials. The trial was carried out in
2019 with three replications according to the Randomized Block Trial Design.
According to the research results; plant height values ranged from 50.40 cm to
363.35 cm, stem thickness from 4.32 to 16.77 mm, technical stem length from 5.10
cm to 246.60 cm, dry stem yield from 82.54 kg da™! and 3143.75 kg da’!, fiber yield
from 29.64 kg da’' and 638.76 kg da!, seed yield from 72.98 kg da’! and 474.87 kg
da’!. According to the average findings, the populations Narlisaray were identified as
the best in a result of investigated all traits.

Keywords: Cannabis sativa L., hemp, population, variety, stem yield, fiber yield

Introduction

The hemp is a one-year industrial plant of Cannabis sativa L. species and Cannabis genus
belonging to the Cannabinaceae family. Hemp can be grown as a fiber, seed, or dual-purpose crop.
Hemp, whose homeland is Central Asia, is widely found in nature (Warf, 2014). Fiber is obtained
from the stems of the plant and oil from the seed. It is one of the oldest fiber plants used by humans
since ancient times in various parts of the world. The hemp has a tap root. Tap roots can reach a depth
of 3-4 m under suitable moisture and soil conditions. Cannabis stems have a structure that is 4-25 mm
thick and its length can vary up to 0.5-6 meters depending on the climate and variety characteristics.
Female plants have thicker stems, longer plants and higher fiber yields than male plants. The highest
quality fibers in hemp are obtained from the part called technical handle length. Hemp leaves are
composed of 3-11 narrow leaflets joining together on a stalk at the bottom and the same point with
their shorter lengths, the longest in the middle. The edges of the leaves are toothed. Leaflets are the
most in the middle of the stem. Hemp is a dioecious plant. So male and female flowers are found in
separate plants. However, it also exists in monoecious forms. In male flowers, there are 3 outer
(protective) leaves, 5 male organs (stamens) in them. Female flowers are located on short stalks from
the leaf seats at the top of the stem in female plants. Foreign fertilization is observed in the cannabis
plant. Cannabis seeds can be 3-6 mm long, 2-4 mm wide, grayish-brown, blackish-brown, greenish-
brown, and have a very thin skin. Hemp has a grain weight of 9-27 g and contains 20-30% oil in its
seed. (Ronde, 2013; NASEM, 2017; Baldini et al., 2018; ORAN, 2019; Gizlenci et al., 2019,
Anonymous, 2020). In the study conducted in 2015 to determine the adaptation and yield potentials of
cannabis varieties in the South-western Colorado Research Centre, the biomass yield of 12 cannabis
varieties is 3789 Ib/acre, the seed yield is 25-519 Ib/acre, the stem yield is 2415- 4848 Ib/acre, stalk
thickness is determined as 4.8-8.0 mm, plant height is 44-77 inches. (Berrada et al., 2019).

Hemp fibers are most often used in fabrics and textiles, making rope, tether, sack, yarns, paper,
carpeting, home furnishings, construction and insulation materials, auto parts, and composites. Weaves
with touristic value are knitted from finer hemp fibers. The leftovers after the fibers are removed can
be used as fuel. Hemp seed and oil obtained from the seeds are used in a range of foods and beverages
also in soap, cosmetics and dyeing. The pulp leftover from the seeds after the oil is taken is used in
animal nutrition. Hemp is also used as biodiesel raw material. (Gurel et al., 2000; CRS, 2017).
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104


mailto:leventyzc@gmail.com

J. Int. Environmental Application & Science, Vol. 15(2): 104-108 (2020)

Tetrahydrocannabinol (THC) and cannabidiol (CBD) are the two naturally occurring
cannabinoids. In hemp produced for industrial purposes, the THC rate should be legally below 0.3%
(Canada) and below 0.2% in the European Union. The use of THC and CBD in medicine has been
used in the treatment of cancer pain, depression, anxiety disorders, sleep disorders, neurological
disorders, childhood epilepsy, AIDS-related appetite-enhancing and intestinal diseases or relieving
symptoms (EMCDDA, 2018; NASEM, 2017). This study was carried out to determine the some yield
characteristics of hemp varieties and populations in Tokat ecological conditions.

Material and Method

Five local hemp populations of our country (Narlisaray, Kavacik, Kartal, Maltepe and Van) and
two industrial type hemp cultivars (Fedora 17 and Finola) were used as materials in this experiment.
The trial was carried out in the trial field of Gaziosmanpasa University, Agricultural Application and
Research Center under the conditions of Tokat in 2019 vegetation period. Soil preparation was done
by the conventional method with plow and harrow. The trial was carried out in three replications
according to the Randomized Block Trial Design with 5 meter length, 3 rows, 20 cm row spacing and
approximately 150 plants per m2. Sowing was done manually to the rows opened with the marker.
Fertilizer was applied in the amount of 10 kg da™! of nitrogen (N) and 8 kg da™' phosphorus fertilizer
P20s (Ozdemir, 1993). Nitrogen was accomplished in two equal doses. At sowing half and the other
half was given in the middle of May. The crop was irrigated 4 times with a drip system, the harvest
was done by hand, at the stage of seed maturity. The data of the properties examined in the study were
taken from male and female hemp plants during the plant seed maturity period. During the growing
season of hemp (May to October), the sum of precipitation amounted to 149.7 mm in 2019. Air
temperatures were mean 20.48 °C during the growing season (Table 1). In the sample the soil taken
from the experiment area, organic matter is 0.97% (less), lime is 10.38% (medium-lime), phosphorus
is low with 3.03 (kg da’!), potassium is sufficient (Table 2). Analyses of variance were performed with
the statistical program JMP. In the study, plant height, stem thickness, technical stem length, dry stem
yield, fiber yield and seed yield values were determined.

Table 1. Climatic conditions during the growing season of hemp at Tokat in 2019*

Month May June July August September October Mean Total
Total rainfall (mm) 49.1 262 169 522 1.6 3.7 - 149.7
Minimum temperature (°C) 6.7 149 9.7 12.2 4.1 5.9 8.9
Maximum temperature (°C) 34.8 33.5 38.7 38.0 30.9 31.3 345
Mean temperature (°C) 19.1 231 219 224 19.0 17.4 20.4

*Tokat Meteorology Directorate, (2019)

Table 2. Physical and chemical properties of soil of the trial area*
Years Soil depth Total salt Lime  Organic Phosphorus ~ Potassium  Structure pH  EC
(cm) (%) (%)  Matter (%) P,0s(kg/da) KO (kg/da)
2019  0-30 0.02 1538 097 3.03 50.11 Clayey 7.62  0.47

*The analyses were carried out in the soil analysis laboratory of the Directorate of Middle Black Sea Transition
Zone Agricultural Research Institute

Results and Discussion

The results of the variance analysis showed that plant height, stem thickness, technical stem
length, dry stem yield, fiber yield and seed yield values were found to be significant at (p < 0.01 and
0.05) differences among hemp cultivars and populations. This indicated that there was a variation in
varieties and populations (Table 3).

Plant height values ranged from 50.40 cm to 363.35 cm, with an average of 206.69 cm in hemp
cultivars and populations. The average plant height was found as 118.80 c¢cm in the varieties and
247.71 cm in the populations (Table 4). The highest plant height was found in population Narlisaray,
while the lowest was in Finola varieties (Figure 1). Ceh (2018) reported that plant height was found to
be 1.0-2.3 m in seed maturation period of USO 31 and 55-80 cm in the cultivar Finola. The highest
were varieties of Carmagnola and KC Dora, which reached up to 3.4 m and 3.0 m, respectively. These
results were similar to the data of our study. In a two-year study conducted in eight monoecious
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cannabis varieties, the plant height average was 134-237 cm, the 1000 seed weight was 5.7-9.8 g, and
the seed yield was 0.36-0.79 t / ha™! (Baldini et al., 2018).

The Average Values of Hemp Varieties and Populations
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Figure 1. The average values of hemp varieties and populations

Table 3. Results of statistical analysis related to the mean squares and significance levels in hemp
varieties and populations

Variation SD Plant Stem Technical stem Dry stem Fiber yield Seed yield
Sources height (cm)  thickness (mm) length (cm) yield (kg da!) (kg da™) (kg dah)
C.Total 20 6630.3 15.96 44141 764318.7 30364.8 14309.7
Var/Pop 6 21551.1%*%  50.20%* 14088.7** 2236507.3*%*  85550%** 32073.5*
Repeats 2 62.95 1.10 188.6 161627.5 5064.5 3062.5
Error 12 264.6 1.32 281.1 128673 6988.9 7302.2
CV(%) 7.71 9.53 17.11 26.68 26.43 35.11

Table 4. The mean values and groupings of hemp varieties and populations for each property

Varieties/ Plant height Stem Technical stem Dry stem yield Fiber yield Seed yield
Populations  (cm) thickness (mm) length (cm) (kg dah) (kg da) (kg dah)
Means
Fedora 17 178.77¢ 8.67¢ 106.03b 686.11de 193.48¢c 291.33ab
Finola 58.83d 441d 5.50d 85.85¢ 30.54d 76.85¢
Narlisaray  345.88a 14.88a 231.18a 2814.58a 561.87a 240.67ab
Kavacik 218.22b 14.48a 81.10bc 1492.86bc 351.21b 349.81a
Kartal 219.08b 12.31b 107.56b 1110.71cd 295.06bc  355.08a
Maltepe 232.15b 13.97ab 93.98b 1413.97bc 416.60ab  141.97bc
Van 223.27b 15.66a 60.24¢ 1805.68b 364.50b 247.89ab
LSD (0.05) 28.81 2.01 29.68 635.54 148.10 151.40

In the study, stems thickness values ranged between 4.32-16.77 mm, and 14.25 mm on average.
The average values of the populations were found higher than the varieties. Average stems thickness
was found as 6.54 cm in the varieties and 11.80 mm cm in the populations (Table 4). The highest and
the lowest stem thickness were found in population Van followed by Kavacik and variety Finola,
respectively.

Technical stem length was found to range between 5.10 cm and 246.60 cm and the average was
determined as 114.81 cm. The values of technical stem length in populations and varieties were
determined as 96.02 and 55.76 cm, respectively. The highest technical stem length was found in
population Narlisaray followed by Kartal, while the lowest was in Finola varieties (Figure 1).

Dry stem yield values ranged between 82.54 kg da™! and 3143.75 kg da! with an average of
1727.56 kg da!. The stem yield in the varieties was found to vary between 82.54 kg da! and 718.75 kg
da’!. In populations ranged from 810.64 kg da' to 3143.75 kg da™' (Table 4). The highest stem yield
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was found in population Narlisaray followed by Van, while the lowest was in Finola varieties. Ceh
(2018) determined the highest yield of Carmagnola as 18 t ha!, KC Dora as 14 t ha!, and Kompolti
Hybrid TC as 11.5 t ha'!. Flajman ef al. (2016), identified the highest stem yield in Cannabis varieties
(Fedora 17, Santhica 27, Futura 75, KC Dora, Finola, Kompolti hybrid TC and Monoica) as 3248 kg
ha! (dry matter) and seed yield 1573 kg ha™!. Kocjan Acko et al. (2002) reported that the effect of
variety and seed amount on cannabis in hemp is important. Incekara (1971) determined the seed yield
as 25-50 kg da™! in fiber hemp and 80-100 kg da™! in seed type hemp. Berrada et al. (2019) carried out
to determine the adaptation and yield potentials of cannabis varieties, biomass yield of 13 cannabis
varieties carried out in 2015 is between 4185-8283 Ib/acre, stalk yield is 2577-5707 Ib/acre, seed yield
is 240-1041 Ib/acre, plant height is 44 -78 inch, handle thickness was determined as 5-9 mm.

Fiber yield ranged between 29.64 kg da™! and 638.76 kg da-1, and 397.84 kg da’! on average.
Average fiber yield was found as 112.01 kg da™! in the varieties and 306.89 kg da’! in the populations.
The highest fiber yield was found in population Narlisaray followed by Van, while the lowest was in
Finola varieties (Figure 1).

Seed yield was determined between 72.98 kg da™! and 474.87 kg da’!, with an average of 267.08
kg da!. Average seed yield in populations and varieties was found to be 184.09 kg da™' and 240.67 kg
da! respectively. The highest seed yield was found in population Kavacik followed by Kartal, while
the lowest was in Finola varieties. Deleuran and Flengmark (2005) reported that the total average dry
matter yield of the cultivars Fedora, Fedrina, Felina, and Futura was approximately 13 t ha! and for
Fasamo approximately 9 t ha-!. The average fiber yields were 2.9 and 1.7 t ha’!, respectively, the
average seed yield over a period of 3 years was approximately 500 kg ha™.

Conclusion

In this study, were used two standard varieties and five local populations. The experiment was
conducted in 2019. In this study were examined some yield characteristics of hemp varieties and
populations and appropriate populations and varieties were determined according to some yield
characteristics in Tokat ecological conditions. The research findings in this paper indicate that hemp
has the potential to be grown in Tokat for both fiber and seeds. The performance of the populations
was found to be higher than the varieties in all the characteristics studied. According to the average
findings, the populations Narlisaray were identified as the best in a result of investigated all traits.
Plant length, stem thickness, technical stem length, dry stem yield and fiber yield values of the
Narlisaray population showed superior performance compared to others. The seed yield values of
Kartal and Kavacik populations were higher. Therefore, they could be considered in cultivation and
further breeding studies.
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Abstract: Chestnut is one of the most remarkable trees in terms of greatness,
hardness and endurance, as well as the most nutritious fruits in terms of nutritional
value. It is not much known as industrial useful wood and therefore the use of this
wood is scarce in the furniture and production of wood for construction. In
patriarchal times, chestnuts have been used as wood for the production of beams in
the construction of houses because it is distinguished for a high resistance to
atmospheric and biological agents. Its fruits are used as nutrition not only delicious
but also nourishing. Traditional culture has recognized chestnut as a tree of bread or
as a means of exchange with other foods. Economic importance, even though it has
been declining, chestnuts still occupy an important place in the agricultural
economies of Albania, especially with the recent efforts of the Albanian government
to turn the Albanian cultural identity as its representative, as in the highly urbanized
foreign markets is especially demanding as a bio species. For livestock this species
has emerged as valuable food for their fattening by farmers. Green dough and fruit
are very nutritious and farmers use these for feeding small livestock as sheep of goat
in the dry summer period and that of dense autumn rains. Green Fruit of Castanea
sativa Mill carefully squeezed without damaging the embryo brought from the
village of Gjogaj with geographic coordinates 42°11'78"N 20°06'29". We have used
cleavage methods, colloid methods, and biochemical protocols.

Keywords: Chestnut, nutrition, Castanea sativa, colloid method.

Introduction

Castanea Sativa Mill species has a total number of chromosomes 2n = 24 (Fedorov 1974). The
origin of the European chestnut (Castanea sativa Mill), is from Asia Minor. Even today, many species
of wild chestnuts are found on the southern coast of the Black Sea. Discovered fossils show the
presence of European chestnut in the pre-glacial age, about 25 million years ago.

Chestnut foliage begins in late April, or beginning of May depending on altitude, terrain exposure
and variety. Flowering begins in the first half and continues in the second half of June and at high
altitude until the first decade of July.

Fruit ripening starts in late September and runs until October 25. There are varieties that mature
even in early November. During flowering when the weather is hot and dry, it is difficult to pollinate
the flowers. As a result, trees link fewer fruits, fewer cones, and the number of fruits per cones
decreases since Alvisi (1979) has shown before. Intense rains and low temperatures at the time of
flowering hinder flower pollination and consequently the shape of flowers. When the summer is
humid, as occasional rains occasionally fall, the chestnut leaves fall prematurely. This usually occurs
from the beginning of September as a result of being affected by Mycosphaerella macuilflorum.
Chestnuts are very resistant to summer drought. Chestnut is very demanding on light, a characteristic
that must necessarily be taken into consideration by its growers. It very hardly supports shading in the
garden. This is agreement with results obtained from Brevigleri (1951).

Chestnut belongs to the Fagaceae family where oak trees are included. There are four main
species known as European, Chinese, Japanese and American. Castanea sativa Mill or sweet chestnut
as it is known in Europe is also known as Spanish chestnut or spanish chestnut which is the only
species in America,

We mention some species: C. almifolia. C. crenata (Japanese Chestnut). C. dentate (American
Chestnut). C. henryyi. C. mollisima (Chinese Chestnuts). C. ozarkensis or C. chinkapin. C. pumila. C.
seguini, etc. since Rolando (2000) has shown before.

*Corresponding: E-Mail: mirela.lika@fshn.edu.al; Tel: +355 682055452; Fax: +355 42229590
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Table 1. Scientific classification of C. Sativa Mill.

Type Magnoliophyta
Class Magnoliopsida
Order  Fagales

Family Fagaceae

Genus  Castanea

Species Castanea sativa Mill

Chestnut belongs to the genus Castanea, a genus of which 13 species of chestnut originate from the
temperate zones of the boreal hemisphere. Chestnuts are widespread in the mountainous regions of the
Caucasus, in the Southern Caspian Sea, in the Spanish Sub-Alpine Mountains, in France on the
outskirts of Paris and particularly in the Normandy forests. It is found almost everywhere in Italy and
Spain since Avolio (1985; 1987) and Baggio (1987) have shown before. In Central Europe,
widespread in most favorable regions such as the Fohn valley (Switzerland), the Canton of Ticino, the
Rhine area (Germany), especially in the Western Black Forest. Chestnuts are mainly found in Turkey,
Syria, Algeria, Tunisia, Morocco, etc.

Materias and Methods

The Castanea Sativa Mill micro-pollination protocol comprises 4 stages:

* Start

* Breeding

* Rooting

* Plant acclimatization.

We will not dwell too much on the rooting and acclimatization phase because they are phases that are
not needed for this paper.

When the initial explants are obtained from juvenile plants, the chestnut micro-pollination presents no
problems. Conventionally obtained seeds should be grown in the greenhouse or preferably in a
climatic chamber in order to lower the rate of explants contamination. This is agreement with results
obtained from Zekaj (2013).

Green fruits of Castanea sativa Mill. carefully trimmed without damaging the embryo, brought from
the village of Gjogaj with geographical coordinates 42 © 11'78 "N 20 ° 06'29" E.

We have used stereomicroscope, light microscope, Olympus microscope, digital camera, lama,
lamella, toluidine blue, methylene blue, scotch, nail polish, distilled water, razors, scissors, cytometric
ocular, cytometric lamina, hydrolytic enzymes, test methods, colloidal methods, working protocols
etc. This is agreement with results obtained from Zekaj (2013).

Histological study techniques include: Macroscopic techniques; Stereomicroscope observation
technique. Microscopic staining and colloidal techniques: Preparation of preparations for microscopic
study This is agreement with results obtained from Zekaj (2013).

In conventional 40x light microscopy with colloidal technique such images of the mouths are obtained
in the lower epidermis of the leaf (in situ). The pores are chaotic and often found on leaves.

Results and Discussion

The natural chestnut forests in Albania cover a total area of about 12 thousand hectares. In the
Tropoja region (mainly in: Kolgecaj and Leke-Bibaj), they occupy the first place nationally with about
2,000 hectares. Chestnuts in the Tropoja area are distributed in several municipalities, as well as near
“Bajram Curri” Municipality. Specifically, in the commune of Bujan there are about 600 ha of
chestnut forests, about 500 ha in Mark-Gegaj, about 270 ha in Leke-Bibaj, about 15 ha in Pacite and
about 100 ha in the Municipality of Bajram Curri since Elezi (1990) and Xhomara (2011) have shown
before.

Their skin is polished as long as they are young (gray C.sativa). Over the years the skin becomes
darker, thicker and deeper furrows become more visible. Wood, bark and leaves contain 6-14% tannin.
The leaves are simple, oval or lance, obtuse and spaced at wide angles. Once the leaves appear, the
chestnuts begin to bloom. The flowers are planted in flowers of both kinds, but always in the same
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plant as the chestnuts are monoic plants. When roasted chestnut pollen emits a very strong aroma that
causes the bee to be attracted for pollination and nectar intake, remember that chestnut honey is one of
the most valuable and high quality honey.

Dried grains contain up to 14% sugar, 16-34% starch, 8% protein and 3% cellulose. Vitamin C is
contained in 1500 mg / kg dry matter. Having cross pollination, lonely chestnuts over 300 m distance
from companions will produce low yields and insects are the best pollinators especially bees and
spring bulbs.

- - e o - = e
Figure 1. Map of distribution of Castanea Sativa  Figure 2. Chestnuts in flowering period (E. Lala)

Mill in Albania

Chestnuts are widespread in many countries around the world, and in Albania they meet in the
form of forest massifs known as cashews or chestnuts. The largest massifs are found in Bajram Curri,
Kolgecaj, Lekbibaj (Tropoja), Shimi (Kukes), Dukagjin, Mes, Shllak, Re¢ (Shkodra), Kashnjet
(Lezha), Msug, Gjogaj, Macukull (Mat) Shupal (Tirana), Zrvaska (Pogradec), Gurakuq, Gracen and
Shmil (Elbasan), Librazhd, Delvina, Saranda, Tepelena (Elezi 1990; Xhomara 2011).

Castanea sativa Mill has a monoic, deciduous trunk tree branching 2—3 m from the ground, with
perennial bark and many wide and majestic cracks and crowns. The loops are singles. Leaves are long,
apex with numerous and lustrous nerves.

The flowers are male and female in the same flower respectively at the top and bottom. Male
flowers are 6-angled with 8-20 fringes, female flowers 5-8 teeth and 6-8 barrels. Ovary has 6-8 turns
and 8-9 pillars. The fruits range from 1-3 grains depending on the successful egg bag pollination.
What is worth noting is that chestnuts are treated more for fruit than for wood as chestnut wood is not
very practical in the wood processing industry. Taste and nutritional values have been known since
ancient times and many hill-and-mountain tribes have used chestnut as a food reserve in difficult times
since Brevigleri (1951) has shown before.

Burrel chestnut tree has an altitude of 800-1100 m above sea level. Widespread in regions
bordered by hills beaten by the wind and sun, it numbers over 3'500 individuals over 50, over 4'000
individuals over 25, and thousands of young mammals. The maximum trunk height reaches 25 m but
the isolated chestnuts tend to extend the crown by remaining dwarf. Old chestnuts generally atrophy
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the early top giving preference to lateral branch growth. The diameter of the trunk reaches up to 1.5-
2m.

Figure 4. Male chestnut flowers Figure 5. Female chestnut flowers Figure 6. A chestnut bun

with ripe fruit (E. Lala)
Chestnut begins to produce its leaves in early April as it finishes growing at the end of April and
begins to bloom in early June yielding bloom shaped flower like 20-30 ¢cm long sticks and hundreds of
fringes, one single flower bud is able to give 5-12 parts. Characteristic of these parts is their very
strong aroma that attracts bees due to the high amount of honey and pollen contained in parts but also
being mono species, pollination by oats and winds is vital to chestnut. The parent flower has a fake
part which usually serves as a pistil that cuts pollen grains and thus fertilizes the eggs in the ovary
which will then give the next egg whilst the eggs will bear future fruit has Brevigleri (1951) has shown
before.

YRy

Figure 7. Left: chestnut palm leaves; Right: ﬂowéring male flowers and some female flowers

At maturity the pupae turn yellow to light brown and begin to break through the wet cover after
the September rains, and at the end of September the first drop of the first grains that are usually
wormy or shrubby begins. The massive downturn begins on the first weekend of October, indicating
that maturity has already taken place. Healthy squash on average contains 2-3 grains 1.2 ¢cm high, 1
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cm wide and 2-2.5 cm long and eggplant in glossy black. The grains weigh up to 10-13 grams and 1
kg = 75-100 grains has Zekaj (2013) has shown before.

The best time to collect the grains is the first 10-20 days of October because the maturity is
already complete and a comprehensive action is needed before the leaf fall due to wintering makes it
difficult to collect the grains through the leaves. The leaves in winter begin to fall when they have a
"golden" yellow, at this point the chestnuts fall in winter and the first sign is the lymph circulating in
the trunk.

Climate: Chestnut fits best in the continental climate of the Burrel area with minimum temperatures of
2 ° C-17 ° C and maximum average of 12 © C-31 ° C. In sun-beaten hills, production is more abundant
than in secluded and shady or sunny days.

Humidity: Average humidity ranges to 68% and amplitude humidity fluctuations are moderately
extreme ranging from 60% in summer to 80% during winter months. Humidity plays a significant role
in chestnut production because in its absence, grains are failing as in the case of 2012 which resulted
in fatal low chestnut production. Also when the humidity is high and lasts for a period of time as in
2014, production will decline as it plays a role in the spread of pests, especially parasites and viruses,
causing early death of embryos. A narrow amplitude steady humidity would be very efficient in
productivity as it happened in 2013 where as a result of overproduction the price of the product in the
market fell.

Soil: Chestnut prefers hilly, plain but drained soils. In deep and thick soils up to about 150-155 c¢m in
the soil, the plants grow very well and produce fruit in satisfactory quality and quantity. Under these
conditions, the surface of the land where the chestnuts are, occupies almost 100% of the area with
chestnut plants. In such soils, trunk circumference, height, and productivity reach optimal limits,
indicative of variations depending on species.

Generally chestnut augmentation is accomplished with seed-added material on which grafting is
applied, or longer, the grafting season varies depending on the method of growth and the area in
question. Speaking of hybridization, parent selection is required first; pollination is not difficult as
being a mono-flowered plant separates the male flower from the parent.

Efforts have been made in Albania by many fruit and forestry scholars to describe chestnut cultivars,
but there are no cultivars except ecotypes that come from cross pollination. In most cases, grafting has
been used between different species and numerous species to rescue chestnut-related diseases.

The problem remains Curculio elephas (worm) which lays eggs in mature chestnuts since Elezi (1990)
and Xhomara (2011) have shown before.

Table 2. Some general data on the geography of chestnut spreading in Albania

Districts  Area in acres Altitude (m)

Dibér 172 400-900
Elbasan 168 400-855
Gjirokastér 199 750-1000
Korgé 151 800-1000
Krujé 147 480-816
Kukés 617 443-680
Lezhé 133 250-400
Librazhd 337 350-800
Mat 353 448-540
Mirdité 69 500-700
Pogradec 1728 800-1100
Puké 185 500-790
Sarandé 220 700-1000
Shkodér 1604 250-505
Tirané 318 350-800
Tropojé 1800 165-1100
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Chestnut contains, although in small quantities, Vitamin A, Thiamine, Riboflavin, phosphorus, iron,
sodium, potassium, etc. The calories contained in chestnuts are less than those of walnut and many
other fruits of this group, they contain no cholesterol, they are low in fat and these are unsaturated
(oily) fats, and have no gluten. The carbohydrate content is comparable to that of wheat and rice, with
twice as many starches as potato. Contains about 8% of different sugars mainly sucrose, glucose,
fructose etc. As long as the chestnut is immature, it has high water content that gradually disappears
with its ripening, guaranteeing storage and at the same time hydrolyzing the starch into fructose and
glucose. The other important feature is that the chestnut fruit contains all the non-synthesized or
essential amino acids.

We do not get much data from the stereomicroscope. Mostly we observe the construction of the leaf
nerves (in situ). Below are two pictures from the in situ leaf stereomicroscope:

Figure 8. View of the nerves of the lower Figure 9. View of the nerves of the upper
epidermis. (Photo by E. Lala) epidermis (Photo E. Lala)

In frequent observations and examinations looking for differences between in vitro and in situ
environments, it was observed whether or not the presence of organs such as mouths, trichomes,
parenchymal cells, woods, crystals, etc. were present or not there in two individuals of sp. Castanea
sativa whether in vitro cultures or in-situ adult individuals.
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Figure 10. Callus colored with methylene blue where Figure 11. A view of the woods and crystalloids in
trichomes are clearly visible (photo E. Lala) the structure of the callus is also seen in the glandular
and no trichomes (Zh. Zekaj)
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Figure 13. The first photo shows trichomes as cellular
enzymes. The percussion bundles and peltate macrostructures, while the second photo shows a typical

glandular trichomes appear area of trichomes where the mouth is surrounded by
chloroplasts dark blue with methylene blue. (Zh. Zekaj).
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If we compare the statistical data of in vivo pores (5 leaves analyzed) and in vitro pores (one leaf
analyzed due to limited material) we realize that the number of pores / microscopic field changes
drastically, in ratio 2.5 with 1, that is, for each in vivo domain we have 2.5 times more pores than in
vitro domain. This results from increased metabolism, aeration and transpiration of the substrate
(which the plant needs to prepare itself in-vivo through complex photosynthetic processes) and
moisture compared to the in-vitro plant that is in a transition state between heterotrophy and
autotrophy since Zekaj (2013) has shown before.

The length and width of the mouths (pores) between the same species but in different

environments (in vitro cultures and in-vivo natural environment) almost does not change except that in
in vitro cultures the mouth (pores) appears to be assembled as a bean while being elongated elliptical
in vivo leaves.
The stomatal index is roughly the same and oscillates at 35-50% and despite the fact that the oral /
microscopic ratio is lower in the in vitro leaf, the epidermal cell count is also low and this is due to the
size of the these in vitro epidermal cells that manifest with intense cell division and differentiation that
is higher than in iv-in vivo cells.

Conclusions

Chestnut (Castanea sativa Mill) is a species of Sup-Mediterrancan Atlantic. The area of its
propagation is similar to the Bung (Q. sessilflora).

Chestnuts are widespread in many countries around the world, and in Albania they meet in the form of
forest massifs known as cashews or chestnuts. The largest massifs are found throughout Albania.

What is worth noting is that chestnuts are treated more for fruit than for wood as chestnut wood is not
very practical in the wood processing industry. Taste and nutritional values have been known since
ancient times and many hill-and-mountain tribes have used chestnut as a food reserve in difficult
times. The cultivation of cultivars requires a very strict selection method and these cultivars to be
preserved and fixed by cloning (also applying in vitro methods and vegetative growth or grafting).
Later on, after the establishment of the cultivars, their choice would depend on the climate, the terrain
and the exposure to sun-struck areas.
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Abstract. The article considers the issue of spatial heterogeneity of the soil water
regime in agricultural fields in the forest-steppe zone of Ukraine. The studies were
conducted under the conditions of growing perennial herbs, directly alfalfa varieties
"Sinyukha". The redistribution of moisture over the microrelief elements in spring
during snowmelt and the flooding of microdepressions with thawed water was shown,
the duration of which was 10-15 days in the years of observation. The moisture
reserves in the 0-100 cm layer amounted to 108-126% on the slopes compared to
control, and increased on the bottoms (after filtration and evaporation of melt water)
-to 137-148%. The harvest of green mass of alfalfa at the bottom was completely
absent, and on their slopes it was 116-93% compared to control, depending on weather
conditions. In the work, field and laboratory research methods and a system of UAV-
ERS methods, as well as determination of vegetation indices, were used.

Keywords: Soil, Spatial heterogeneity, Micro-depression, Water regime,
Photosynthesis, Drones, alfalfa,

Introduction

The phenomenon of mosaic soil cover is inherent in the Left Bank and Right Bank of Ukraine, with
each region having its own characteristics depending on the historically established lithological
processes of the territory. A common feature of the relief of playland territories is the presence of
numerous micro-lowlands (micro-depressions). Their origin in the Right-Bank Forest-Steppe is most
often associated with suffusion processes.

Investigations of the spatial heterogeneity of typical chernozem productivity on the right-bank
Forest-Steppe because of the soils water regime features on flat plains with pronounced microrelief were
carried out by us in 2008-2017, mainly under cereal crops, especially under winter wheat (Starodubtsev
& Bogdanets, 2015; Starodubtsev et al., 2013; Starodubtsev et al., 2016; Starodubtsev & Bogdanets
2015; Starodubtsev et al., 2009; Starodubtsev et al., 2015; Starodubtsev 2017; Starodubtsev et al., 2018;
Vlasenko & Starodubtsev 2020). The results of these studies showed that the redistribution of moisture
of atmospheric precipitation over the soil surface during snowmelt in spring and, to a lesser extent,
heavy rainfall in summer significantly affects the state and productivity of wheat, especially in years
with a lot of snow and frozen soil before snowmelt. A detailed account of the winter wheat crop in 2017
on different morphological elements of microdepressions showed that crop losses at the bottom of
microdepressions with a depth of up to 50-100 cm were 65-70%, and on the slopes of the depressions -
20-30% (Starodubtsev & Bogdanets, 2015; Starodubtsev et al., 2013; Starodubtsev et al., 2016;
Starodubtsev & Bogdanets, 2015) On the whole, in the studied fields of the NULES of Ukraine at
research farm in the Kiev region, the loss of winter wheat yields due to the peculiarities of the water
regime of the soils of different elements of the microrelief amounted to approximately 15-25%.

Such significant crop losses made it relevant to assess the effect of the water regime of
microdepressions on other crops, in particular on alfalfa, cultivated on the same field for several years
and having a different resistance to flooding and over moistening of soils.

Objects and Methods

The basis of study is preliminary soil research work of Prof. V.M. Starodubtsev, which took place
since 2008 in the Right-Bank Forest-Steppe soil province on typical chernozem. During 2016-2019,
detailed studies are conducted on a field of 32.5 hectares, and review studies - on production fields of
400 hectares. Soil sections and drills up to 200 cm are dug on the plain, as well as on the bottom and
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slopes of microdepressions with various depths. For the first time in our studies, the heterogeneity of
the soil cover is considered as an essential property which affects the soil cover water regime. The
studies covered 3 crops: winter wheat of the «Merlena» cultivar (in the vegetation period 2016-2017),
spring barley of the «Britney» cultivar (2018) and alfalfa of the «Sinyukha» cultivar (2017-2019).

Sowing alfalfa of the «Sinyukha» variety was completed in September 2017 with good soil
moisture in October (Figure 1), therefore, good plant sprouts were obtained. Observations of the crops
development were carried out systematically using Sentinel-2 satellite images, and soil moisture in the
flat areas and in microdepressions was determined seasonally by soil sampling to a depth of 100 cm.
The green mass of alfalfa was determined by mowing plots 1x1 m in 4 replicates at different relief
elements, taking into account the timing of mowing plants on all field. It is important to note that the
observation period was characterized by significant changes in weather conditions (Figure 1).
Observation of the vegetation state under conditions of the soil spatial heterogeneity was carried out on
key micro-depressions C-1 and C-5.

Results and Discussion
The structure of the soil covers at studied field of the research farm «Velikosnitinske» (Figure 1)
indicates the dominance of meadow chernozem soils (26.69%) and typical chernozem (24.88%), and
only 20,97% occupy titular modal chernozem shown on the standard soil map of this farm. As for the
basic characteristics of the soils water regime of this field, in micro-depressions up to 1 m deep and in
a large meso-depression in the southeastern part of the field with the same depth, the water regime is
flushing, in which leaching of carbonates and other soil products to a depth of 4-5 m or more, that is, to
a depth of groundwater, take place.

5.25-
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Figure 1. Part of the experimental field soil map: 1 — chernozem typical with high carbonate horizon -
(20-40 cm); 2 — chernozem typical (modal or reference) - (40-60 cm); 3 — chernozem typical
with more deep carbonate horizon - (60-80 cm); 4 — leached chernozem - (80-100 cm); 5 —
meadow-chernozem soil - (100-200 cm); 6 — meadow-chernozem and chernozem-meadow soils
on noncarbonate loess - (deeper than 200), (Starodubtsev & Bogdanets 2015)

In microdepressions with a depth of approximately 0.5 m, the water regime of the soils is periodic-
leaching, carbonates are washed out of the soil profile to a depth of 1-2 m, sometimes even deeper. And
only in micro-depressions of less than 0.3 m and in nano-depressions, that created by tillage, the water
regime is unwashed out, except for wet years, when it becomes periodically flushing (Starodubtsev et
al.,2013)

Depending on the weather characteristics of the transitional winter-spring period, the entire
depressions in agro-industrial fields is filled with water, or waterlogged (depending on their depth),
creating a network of cells with specific agroecological conditions. Visually, such areas are in the form
of concentric circles, much darker in color compared to the background control areas. That is why the
water regime is considered as the main process in studying soil cover heterogeneity, studies of its
dynamics were carried out seasonally during the research period. The pictures clearly show the
difference in the state of the experimental field in different wetting years (2018, 2019). The results of
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the precipitation and temperature data analysis during the growing season made it possible to record
periods of lack of moisture and temperature peaks and alfalfa productivity.

2018-04-04

2019-03-02

Figure 2. Flooding of micr(;depressions with alfalfa in the spring of 2018 (left) and the absence of
flooding in spring 2019 (right) in Sentinel-2 satellite images.
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Figure 3. Weather conditions for the growing period of alfalfa in 2017-2019

In 2018 the spring began in early April, that is, a month later than in the previous year, and was
characterized by rapid increase in temperature and fast snow melting. The flooding of microdepressions
with alfalfa was observed within 10-15 days, which is well shown in the Sentinel-2 satellite image
(Figure 2).

Assessment of moisture reserves in the soil layer 0-100 cm 3 weeks after the beginning of snow
melting and, accordingly 1 week after evaporation from the surface of the water and absorption into the
soil, showed that there was a significant redistribution of moisture among the morphological elements
of depressions (Figure 3).

At the bottom of pothole (microdepression), the moisture reserves were about 3600 m* / ha, on the
slopes they were 1000 m® / ha less, and on the plain - 1200 m® / ha less. At the same time, alfalfa plants
at the microdepression bottom died, and on the slopes and on the plain they developed satisfactorily.
During hot and dry May and June, the moisture reserves on the plain sharply decreased (by almost 1000
m? / ha), and on the slopes and lowering bottom - by 600-700 m? / ha. Under these conditions, alfalfa
plants developed better on the slopes of the depressions than on the control, and weeds began to appear
at the bottom. As a result, by the second harvest of alfalfa for green fodder, there was no harvest at the
bottom of the depression, on the slopes the freshly cut green mass averaged 115 metric centner / ha, and
in the control 99 metric centner / ha. Only the July rains (Figure 3) improved the state of vegetation.
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Figure 4. Dynamics of moisture reserves in the soil of the bottom, slope of the pothole
(microdepressions) and on the plain (control) in 2018-2019.

The water regime of the soils of the experimental field changed significantly in 2019. After a
warm winter, snowmelt began in early March with unfrozen soil and a gradual increase in temperature.
Moisture on the plain and slopes was absorbed into the soil, and at the bottom of the depressions, snow
accumulated over the 2019 winter still remained (Figure 2).

-
e

Figure S. Physiological state of plants wthin the C-1 pothole, 19.06.2018 (from left to right, T1- bottom,
T2 - slope, T3 - plain)

As a result, although there was no flooding of depressions, the moisture reserves in all
morphological elements were large (Figure 4, 2019), which contributed to the good development of
alfalfa. However, at the bottom of the depressions, alfalfa was completely replaced by weeds.

The condition of the vegetation cover is as follows: the bottom is alfalfa (cover 5-7%), the rest are
weeds, the slope is cover 100%, height 55-60 cm; the plain - coating - 95%, height - up to 45 cm. During
this period, the temperature regime was at the level of 21 °C, and the amount of precipitation was
approximately 25 mm. Already the first mowing of alfalfa amounted to approximately equal amounts
on the plain and on the slopes of the lowering (42-45 t / ha of freshly cut green mass), and the weeds
dominated in the lowering (Figure 5).

To illustrate the seasonal dynamics of alfalfa development in 2019, we present the traditional
indicator of the vegetation index (NDVI) according to https://eos.com (Figure 6) and the results of the
statistical processing of the results of its determination taking into account 4 cuttings of green mass
during the growing season.

NDVI values for plants range from 0 to 1. In the middle of the season, the NDVI index can be used
to determine how plants develop on the field. If the index values are medium and high (0.5-0.85), then,
most likely, the agroecological state is within normal limits. If the index is low - it seems that something
is missing from the plot, for example, moisture or nutrients.
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Figure 7. Annual dynamics of the vegetation index, taking into account 4 mowing of alfalfa (statistical
analysis)

According to the NDVI index, recommendations are being formed for the differential application
of nitrogen fertilizers. Based on the results of statistical processing (Figure 7), it is possible to identify
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zones of high, medium and low vegetation for calculating the rate of fertilizers. Presumably, if the
vegetation index in the plot is high, then the dose of fertilizers should be reduced by 10-30% of the
average norm, if average, then increase - maximum by 20-25% of the average norm, if low, then first of
all through field studies it is necessary to determine the cause of the poor state of the plants.

Conclusion

The results of the study indicate a high degree of heterogeneity of the soil cover of the Right-Bank
Forest-Steppe and a peculiar water regime of soils on flat areas, in micro-depressions and even in nano-
depressions. Based on our previous studies (Starodubtsev 2017; Starodubtsev et al., 2018; Vlasenko &
Starodubtsev 2020) and the information provided in this article, we believe that spatial heterogeneity of
the soil cover is an integral characteristic of its formation and functioning in the plain Forest-Steppe of
Right-Bank Ukraine.

It is important to take into account the heterogeneity of the soil cover and the water regime of soils
when conducting long-term (stationary) scientific research and when introducing precision farming
systems. A two-year period of studying the features of the water regime and soil productivity during
alfalfa cultivation showed that a significant redistribution of soil moisture occurs along the relief
elements in the fields with microdepression. In spring, the moisture reserves in the meter-long layer on
the bottom are 137-148% compared with the control, and on the slopes it is 108-126%, and the
fluctuations in the values depend on the weather conditions of the year.

The yield of alfalfa green mass changes less significantly and ranges from 116 to 93% compared
with the control. Spring flooding with thawed snow for more than 10 days leads to the complete death
of alfalfa plants on the bottoms and its replacement by weed vegetation. That is, alfalfa, according to
our two-year observations, is less resistant to flooding with thawed snow compared to winter wheat
(Vlasenko & Starodubtsev, 2020)
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Abstract: Water distillation is commonly used for obtaining essential oils from
aromatic herbs. In the present work Clevenger apparatus is applied to obtain
essential oil from Syzygium aromaticum L. Clevenger extraction represents an
environmentally method for oil herb extraction as it employs water as solvent during
the distillation process. Essential oils are highly valued. They are traditionally used
in medicines and health remedies. The purpose of the present work is to obtain
essential oil from clove plant and subsequently identify the chemical composition by
means of spectroscopic techniques. Essential oil samples were analysed by
spectroscopic techniques FTIR spectroscopy and UV-Vis. spectrophotometer. Both
techniques indicated presence of eugenol as main chemical component in the oil of
clove in excellent agreement with reported literature data.

Keywords: water distillation, clove flowers; essential oil; oil extract; FTIR; UV-Vis.

Introduction

Hydro-distillation is commonly used for the extraction of essential oils from plants. It is reported
that hydro-distillation can be categorized into steam distillation and water distillation (Dilworth et al.,
2017). In addition, hydro-distillation can be a combination of water and steam distillation (Dilworth et
al., 2017). Hydro-distillation is one of the most preferred methods as it represents an eco-friendly
process (Taraj et al., 2019a). In addition, its application has a low cost.

The distinction between steam distillation and water distillation is that in steam distillation, steam
extracts essential oils at temperatures to approx. 100°C, whereas in water distillation the plant is
plunged into water and subsequently boiled (Dilworth et al., 2017). Oil extracts are composed of
aromatic constituents and they are traditionally used in medicines and health remedies.

In the current work, Syzygium aromaticum L. is used to attain essential oil by use of Clevenger
apparatus and by employing water as extracting solvent. The aim is to isolate the oil and next to
identify the chemical composition by means of spectroscopic techniques. In this work, eugenol is
found to be the main chemical constituent in clove oil. Eugenol is a common odour in many dental
practices. Additionally, for comparison reason Soxhlet extraction using hexane as solvent was carried
out as well.

It is reported that eugenol quantity in clove oil is up to 90% (Yadava and Saini 1994, Li 2001,
Guan et al., 2007, Rana et al., 2011, Mohammed et al., 2016). Additionally, spectroscopic techniques
such as FTIR spectroscopy and UV-Vis. spectrophotometer were used for the characterization of
essential oil samples. FTIR and UV-Vis. analyses are well reported in the literature (Schulz et al.,
2005; Schulz & Baranska 2007; Andoni et al., 2015; Ciko et al., 2016a; Ciko et al., 2016b; Gakis
2016; Soto-Barajas et al., 2018; Taraj et al., 2013; Taraj et al., 2017; Taraj et al., 2018a; Taraj et al.,
2018b; Taraj et al., 2019a; Taraj et al., 2019b). Infrared spectroscopy (FTIR) is well-known as a fast
and accurate investigative technique (Soto-Barajas et al., 2018). It is reported that FTIR can be
successfully used for the qualitative differences between samples (Andoni, 2009; Andoni ef al., 2009;
Andoni, 2014; Andoni et al., 2015; Andoni et al., 2018; Rodriguez et al., 2018; Soto-Barajas et al.,
2018; Taraj et al., 2019a). Additionally, FTIR and UV-Vis. spectra of clove oil samples indicated
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presence of eugenol as main chemical component in good agreement with reported data (Yadava &
Saini, 1994; Mohammed et al., 2016).

Materials and Methods
Sampling and extraction methodology

The origin of Syzygium aromaticum L. used in this work is from local Albanian herb. The hydro-
distillation extraction was carried out, in a round bottom flask, using Clevenger equipment. The
amount of Syzygium aromaticum L. used for hydro-distillation was 15 g. The water-herb mixture
underwent distillation process for 4 hours (Taraj et al., 2019a; European Pharmacopoeia,1983).

As noted in the introduction section, for comparison reason, Soxhlet extraction was carried out as
well. The amount of Syzygium aromaticum L. used for Soxhlet distillation was 10 g. Additionally, the
Soxhlet extraction was allowed to run for 4 hours by using hexane as solvent. The oils were dissolved
in hexane and further used for FTIR and UV-Vis analyses.

FTIR spectra were acquired by Nicolet 6700 spectrometer, manufactured by Thermo Electron.
FTIR spectra were recorded by using KBr plates. Additionally, the interval of measurements was in
the range mid Infra-Red (4000-400 cm™). OMNIC software was used for additional analyses. UV-Vis
spectra measurements were recorded by 6800 UV-VIS Jenway spectrophotometer.

Results and Discussion

Table 1 displays summarized results for Clevenger and Soxhlet extractions. These values are in
good agreement with reported results by Ciko e al. (2016a), Taraj et al. (2019a) and Taraj et al.,
(2019b) for the relevant extraction methods.

Figure 1 represents UV-Vis. spectra of Syzygium aromaticum L. essential oil attained by
Clevenger extraction. Additionally, in the insert the chemical structure of the main chemical
compound i.e. eugenol is displayed (Yadava & Saini, 1994; Mohammed et al., 2016). The oil yield
was 1.2% for 15 g herb used for the extraction.
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Figure 1. UV-Vis. spectra of Syzygium aromaticum L. essential oil obtained by Clevenger extraction.
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Table 1: Tabulated results for the extractions of Syzygium aromaticum L.

Amount of Extraction Extraction Extraction  Yield
Syzygium aromaticum L. solvent time method  of extract

I5¢g Water 4h Clevenger 1.2%

10g Hexane 4h Soxhlet 12.5%

The UV-Vis. spectrum displays two absorption bands at 225-230 nm and at 270-290 nm. The
absorption at 225-230 nm arises from the electronic transition of *n-r type of alcohol functional group
-OH that links to the eugenol aromatic ring (Mohammed et al., 2016). Absorption band at 270-290 nm
regards the electronic shift of *n-m type for C-O group that binds with eugenol aromatic ring
(Mohammed et al., 2016).

Figure 2a displays FTIR spectrum for the extract of Syzygium aromaticum L. herb by Soxhlet
extraction. Characteristic FTIR signals appear at 1637 cm™!, 1606 cm™ and 1513 cm™. It is reported
(Yadava and Saini 1994, Smith 1999, Mohammed et al., 2016) that C-C vibrations of aromatic rings
appear at 1630 cm™!, 1604 cm™ and 1508 cm!. Therefore, the wavenumbers at 1637 cm™!, 1606 cm!
and 1513 cm! belong to C-C aromatic rings vibrations of eugenol and eugenol acetate. In addition,
C=C double bonds give rise to FTIR bands at 1640-1630 cm™ (Smith, 1999).

The band at 1765 cm! is attributed to the ester group C-O or aromatic ketone group C=0O which
can be combined with more than one ring (Yadava & Saini 1994, Smith 1999, Mohammed et al.,
2016). The peak at 1765 cm! is assigned to eugenol acetate presence. In addition, the intense FTIR
bands in the interval 1300-1000 cm™ belong to the C-O vibrations of ether and alcohol functional
group of eugenol and eugenol acetate (Yadava & Saini 1994, Smith 1999, Mohammed et al., 2016).
Other moderate bands appear at 794 cm and 995 cm™’. They belong to the groups CH, and C-H
bonding vibrations, alkene monosubstituted, respectively (Yadava & Saini, 1994; Smith, 1999;
Mohammed et al., 2016). Lastly, Figure 2b displays a Photo of Syzygium aromaticum L. oil extract.
The oil appeared yellow in colour. Due to eugenol presence, the extract had a pleasant and spicy, clove
like fragrance. The yield for the Soxhlet extraction was 12.5% for 10 g herb used.
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Figure 2: a) FTIR spectrum of Syzygium aromaticum L. extract obtained by Soxhlet apparatus. The
main chemical compounds of Syzygium aromaticum L. oil extract i.e. eugenol and eugenol acetate are
indicated in the inserts. b) Photo of Syzygium aromaticum L. oil extract.

Table 2 summarizes the most important FTIR bands (wavenumbers) identified in the essential oil
and oil extract of Syzygium aromaticum L. compared with relevant data in the literature. It is evident
that the obtained data are in good agreement with previous publications reporting IR spectra analyses
of essential oil and oil extract from Syzygium aromaticum L. (Yadava & Saini 1994; Mohammed et
al., 2016).
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Table 2. FTIR and UV-Vis. assignments for the most characteristics bands of the oil extract
compound for Syzygium aromaticum L.

Compound FTIR (cm™) Assignments UV-Vis. (nm) Assignments
Eugenol ~1637, 1606, 1513 C-C of aromatic ~225-230 -OH
(this work), ring (this work),
~1650 ~224 (Mohammed
(Yadava and Saini) et al)
Eugenol ~1637, 1606, 1513 (this C-C of aromatic ~270-290 C-0
acetate work) ring (this work),
1650 ~268 (Mohammed
(Yadava and Saini) et al)
Eugenol ~1300-1000 C-0 alcohol and
(this work) ether
1070 (Mohammed et al)
Eugenol ~1300-1000 C-O ether
acetate this work)
Eugenol ~1765 C=0 ketone
acetate (this work), ~1730
(Mohammed et al)
Conclusions

In this paper, distillation process was employed to attain essential oils from Syzygium aromaticum L.
herb. Hydro-distillation was carried out by employing Clevenger apparatus. In addition to hydro-
distillation extraction, Soxhlet extraction was utilized as well. FTIR spectroscopy and UV-Vis
spectrophotometer were used as rapid techniques to analyze the extracts of Syzygium aromaticum L.
Spectral analyses indicated presence of two chemical constituents i.e. eugenol and eugenol acetate in
the oil extracts of Syzygium aromaticum L. This result was in good agreement with other relevant
studies. The distinctive bands in the UV-Vis. spectrum were ~225-230 nm and ~270-290 nm, whereas
the characteristic bands in the FTIR spectrum were in the intervals ~1637-1513 cm™, ~1300-1000 cm™!
and 1765 cm’!.
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Abstract: In this study, the exhaust gas emissions generated from ships in the Trabzon
port were assessed as 906 t y! for NOx, 409 t y! for SOx, 52.160 ty'! for CO,, 54 t
y! for PM, 38 t y'! for VOC based on ship activity-based method. General cargo and
tanker vessels are accountable for the 87% exhaust gas emissions in the port, and
container, bulk carrier, other vessels such as tugs, service boats follow it. Ship-borne
air emissions are emitted at cruising mode (81%), followed by port mode (18%). Port
emissions in the Trabzon port may have negative effects on the health of a minimum
of 33.922 people living 1 km from the port area including other emissions (domestic
heating, road traffic, and industry). The environmental cost of the port emissions for
each pollutant has been estimated as $32 million and $47.039 per ship call. All kinds
of emission sources in the harbour area should be detected and measures to decrease
the emissions should be executed in this context. This is the first study to estimate the
Trabzon port emissions in the Black Sea region.

Keywords: Trabzon, environmental pollution, port, emissions, environmental costs

Introduction

Marine ports are important economic activity centres where countries carry out their import and
export activities. Although seaports are often associated with industrial commercial activities, they are
usually situated in or near settlements, schools, etc. The reason for this is to benefit from the labour force
of the region and to make an economic contribution to the region. Due to the proximity of the ports to
residential areas, people living in that area face health risks due to the air pollution created by the ports.
The most important source of port emissions is shipping. Hundreds of trucks, tractors, locomotives, load
handling machines, etc. working in the port area are among the other sources of air pollution in the port
area (NRDC, 2004). The diseases caused by air pollution are mainly respiratory and cardiovascular,
asthma, bronchitis, premature death, and lung cancer. Many epidemiological studies have discovered
that diesel exhaust gas emissions increase cancer risks, and they are responsible for 70% of the cancer
risk from air pollution (CARB, 1998; Mauderly, 1992; Ulfvarson et al., 1991). Emissions from ships'
diesel engines that may adversely affect human health include sulphur oxides (SOx), nitrogen oxides
(NOx), and particulate matter (PM). Port related emissions have been investigated by many studies such
as Alver et al. (2018), Goldsworthy and Goldsworthy (2015), Deniz and Kilic (2009), Lopez-Aparicio
et al. (2015); Popa and Florin (2014); Yang et al. (2007), Lonati et al. (2010), Saracoglu et al. (2013),
Song (2014), Bayirhan et al. (2019), Mersin et al. (2019), and Tokuslu (2020) and concluded that
emissions from shipping cause illness and they affect the quality of life of people living close to the port
area.

Trabzon, in terms of air pollution, is one of the most polluted cities in Turkey (Tiirk & Kavraz,
2011). Previous studies such as Tiirk ez al., (2008; 2011), Tezel et al. (2019), Yomralioglu et al. (2009),
Topbas et al. (2004), Uzunali (2004) and Cuhadaroglu and Demirci (1997; 2000) have almost
exclusively focused on the relationships between air pollution and meteorological factors, and emission-
related health problems in the Trabzon region. Tiirk et al. (2008; 2011) investigated the effects of air
pollution on human health in the city of Trabzon between 2005 and 2007, and they found that due to the
use of low-quality coal for heating in residential areas, air pollution occurred at a high level in the winter
period in Trabzon and had a serious effect on human health with the increase in the number of air
pollution-related diseases. A traffic emission inventory was developed by Tezel et al. (2019) and the
relationship between NOx and noise pollution from road traffic was measured in Trabzon. The results
of the study indicated that percentages of the population exposed to traffic-related NOx and noise levels
above the regulatory limits were 10% and 21%, respectively. Yomralioglu et al. (2009) examined 1.150
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cancer cases in Trabzon province. Cancer density map was produced by using GIS, and correlations
between cancer types and geographical factors were analysed. They found that breast cancer cases
commonly occurred in residential areas that are generally situated on the coast and along valleys and
within the low elevation class. Cuhadaroglu and Demirci (1997) investigated the relationship between
outdoor air quality and meteorological factors, such as wind speed, relative humidity ratio and
temperature using the code SPSS. According to the results, for some months there was a moderate and
weak level of relation between the SO, level and the meteorological factors in Trabzon city. Another
study was performed by Cuhadaroglu and Demirci (2000) and they explored the relationship between
air pollution and wind speeds of different directions using the code SPSS. They found that there was a
weak level of relation between air pollution concentrations and wind speeds in urban Trabzon.

No prior studies have examined port emissions in the port Trabzon. Port emissions are also one of
the main pollutant sources of the city of Trabzon and should be considered in this context. To fill this
gap, the main aim of this investigation is to calculate the ship-borne air emissions and assess the
environmental costs of port emissions. This study will help to create a port emission inventory of the
Trabzon port. This study focuses on only port emissions generated from ships and doesn’t engage with
other city emissions (residential heating, road traffic, and industry).

Material and Method
Study Area
Trabzon port is located at the centre of the city of Trabzon and situated on the historical silk road

on the route of Iran, Iraq, Russia, and Turkey (Figure 1). The port is one of Turkey's most
important and busy port and surrounded by the cities of Rize, Giresun, Gumushane, and

Bayburt on the eastern side of the Black Sea region. The Trabzon Port has been built to be able

to berth all kinds of ships and serves 2.000 ships per year. Its capacity is 250.000 passengers, 2.000.000
tons of bulk dry cargo, 1.830.000 tons of general cargo, and 10,000 vehicles with 175.000 TEU
containers. Trabzon Port has an open area that allows 2.500.000 tons of cargo to be stored annually and
closed warehouses where 500.000 tons of cargo are stored annually. There is a 306.000 m? bonded area
in the port. The port is operated by Trabzon Port Operations as of 2003 (Atlias, 2019). The harbour has
9 docks that deliver loading and unloading activities between the vessels and the shore with a total length
of 1.525 meters.
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Figure 1. The Trabzon Port (Atliag, 2019)

Calculation Method

In this research, the up-down approach was used to calculate the port emissions in the Trabzon port
based on data. For calculation, Entec UK Limited methodology was preferred which is commonly used
in literature for ship-borne emission assessments. The ship estimation equation (1) is stated as;

128



J. Int. Environmental Application & Science, Vol. 15(2): 127-134 (2020)

Eeruising = D * [[ME * ME LF ]+ [AE * AE LF ] ]* EFeruising / V) (Equation 1)
Emanocuvring =T* [[ ME * ME LF ]+ [AE * AELF ] ]* EFmanocuvring
Eport = T * AE * AE LF * EFport

D is the ship navigating distance, ME is the power of the main engine, ME LF is the main engine
load factor, AE is the power of the auxiliary engine, AE LF is the auxiliary engine load factor, EF is the
emission factors according to operational modes (cruising, manoeuvring, port), V is the vessel speed
and T is the times of manoeuvring and port activities.

The data in this research contains the type of vessel, tonnage, speed, operation times and these data
were achieved from the port authority. Total navigating distance from the Trabzon port is 20 nm. Times
during manoeuvring and port modes were calculated in hours (Entec, 2005). The average time for
manoeuvring for all types of visiting vessels is 1 hour and port times of every vessel's calls were 38
hours for a tanker, 14 hours for the container, 52 hours for general cargo, bulk carrier and 27 hours for
other vessels (research, ro-ro cargo, passenger, efc.) respectively. Table 1 presents the emission factors
for each operational mode (Entec, 2002; 2005; 2007).

Table 1. Emission Factors According to the Type of Ships

Ship Types NOx SOx CO2 VOC PM

C M P C M P C M P C M P C M P
Liquefied Gas 8 8.9 8.8 124 125 69 816 818 795 031 067 0.6 1.03 155 1.2
Chemical 146 119 11.6 11 122 57 650 715 698 055 1.04 1 134 1.6 1.2
Tanker 133 11.2 11 11.7 127 7.8 690 745 730 0.5 .1 1.1 143 182 1.5
Bulk Carrier 159 126 115 106 119 1.6 627 698 690 059 13 05 161 1.84 0.5
General Cargo 145 119 114 109 121 12 649 715 691 054 1.03 05 128 159 04

Container 155 123 114 108 12 14 635 705 69 057 1.19 05 156 1.73 05
Ro-Ro Cargo  13.7 115 113 11.1 122 13 655 719 692 052 1.06 0.5 1.17 1.68 0.5
Passenger 119 106 112 11.8 126 15 697 747 69 046 097 05 081 1.71 05

C: Cruising, M: Manoeuvring, P: Port

Vessel speeds by vessel types are shown in Table 2 (Entec, 2005). The main engine load factors
were %80 for the cruise, %20 for manoeuvring, %20 for port and auxiliary engine load factors were
%30 for the cruise, %40 for manoeuvring, %50 for the port (EMEP/EEA, 2016a; EMEP/EEA, 2016b).

Table 2. Vessel Speeds

Type of Vessels Speed (knots)
Liquefied Gas 16.90
Chemical 13.70
Tanker 14.00
Bulk Carrier 14.30
General Cargo 12.30
Container 19.30
Ro-Ro Cargo 15.40
Passenger 20.80
Fishing Vessels 13.90
Tug 12.90
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Figure 2. Ship Activities in the Trabzon Port (TDGCS, 2019)

The vessel activities in the port between 2011 and 2018 are illustrated in Figure 2 (TDGCS, 2019).
In 2013, 1136 vessels visited the port and on average 878 vessels were hosted in the port during years.
Generally, four types of vessels visit the port such as general cargo (70%), tanker (21%), bulk carrier
(6%), container (1%), and other ships (2%) yearly (Figure 3).
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Figure 3. Types of Vessels Visiting the Trabzon Port
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Emissions
(Tons) Type of Vessels ETanker ®GeneralCargo ®Container Bulk Carrier  ® Other Ships
Type of Vessels NOx (Tonnes) CO2 (Tonnes)(1x100) VOC (Tonnes) PM (Tonnes) SOx (Tonnes)
Tanker 298 187,55 14 22 167
General Cargo 485 265,86 19 24 192
Container 28 13,73 1 2 11
Bulk Carrier 77 39,13 3 5 27
Other Ships 18 15,33 1 i 12
TOTAL 906 521,6 38 54 409

Figure 4. Yearly Emissions According to Vessel Types

Results and Discussion
Port Emissions

In this study, port emissions in the Trabzon port during operational modes (cruising, manoeuvring,
and port) were assessed as 906 t y! for NOx, 52.160 t y! for CO,, 409 t y!' for SOx, 38 t y! for VOC,
54 ty'! for PM for 2018. Yearly shipping emissions according to vessel types are presented in Figure 4.
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Tanker and general cargo vessels produce the maximum level of emissions in the port and they make
87% of all the total port emissions. Bulk carriers, containers, and other vessels emit the rest of 13%
emissions. These results match those observed in earlier studies such as Saracoglu ez al. (2013); Alver
at al. (2018); Popa and Florin (2014); Deniz and Kilic (2009) that general cargo and tanker vessels are
the main emitters in the studied ports.

The cruising mode emissions are much more than the port and manoeuvring modes emissions.
Figure 5 presents the emission rates during the operational modes. Cruising mode emissions are
responsible for 81% of all port emissions, port mode emissions are 18%, and manoeuvring mode
emissions are 1% of it.
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Figure 5. The Emission Rates Durlng the Operatlonal Modes
The Trabzon port emissions comparison with other ports emissions are presented in Table 3 and it
can be assessed that the Trabzon port can be recognized as a minimum size harbour in the world-wide

context.

Table 3. Comparison of Port Emissions

Ports Year of Hosted Number NOx CO2 PM SOx Source
Study  of Ships (tony?') (tony!) (tony') (tony")

Ambearli Port, Turkey 2005 5.432 845 78.590 36 242 Deniz and
Kilic, 2009

The Samsun Port 2015 2.504 728 - 64 574 Alver at al.,
2018

Yangshan Port, China 2009 6.518 10.758  578.444 859 1.136  Song, 2014

The Port of Oslo, Norway 2013 3.004 759 56.289 18 260 Lopez-Aparicio
etal., 2015

Port of Oakland, USA 2012 1.916 2.591 133.005 67 289 EIC, 2012

[zmir Port, Turkey 2007 2.806 1.923 82.753 165 1.405 Saragoglu et al.,
2013

Las Palmas Port, Spain 2011 3.183 4.237 208.697 338 1.420  Tichavska and
Tovar, 2015

The Trabzon Port 2018 679 906 52.160 54 409 This Study

Effects of Port Emissions on People

The population of Trabzon city is 807.903 according to the 2018 census conducted by Turkey
Statistics Institute and the city has 18 districts. The port takes place in the Ortahisar district and this
district is the biggest in the city with a population of 317.520 people. This district has 85
neighbourhoods. The neighbourhoods are divided into 5 zones according to distance from the port,
starting from 0 km from the harbour area; zone 1 (0-1 km from the harbour), zone 2 (1-2 km from the
harbour), zone 3 (2-3 km from the harbour), zone 4 (3-4 km from the harbour), zone 5 (4-5 km from
the harbour). There are 49 neighbourhoods within Skm from the Trabzon port which are under the threat
of port emissions. The population to be affected by port emissions are shown in Table 4. At least 33.922
people living 1 km (zone 1) from the Trabzon port will be at risk due to harmful port emissions such as
SOx, NOx, PM including other city emissions (residential heating, road traffic, and industry). As moved
away from the port area, the number of people who will be exposed to emissions also increases. As seen
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in Table 4, a maximum of 235.512 people will be in danger for any emissions, including port emissions.
These results agree with the findings of other studies, in which Corbett et al. (2007); Eyring et al. (2009);
NRDC (2004); Deniz and Kilic (2009) stated that the diesel engines of vessels, including other port
vehicles, produce a large amount of air pollution that jeopardizes the health of people working in the
port area and living near the port. All kinds of emission sources in the harbour area should be detected
and measures to decrease the emissions should be executed in this context.

Table 4. Population to be Affected by Port Emissions

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
neighbourhoods neighbourhoods neighbourhoods neighbourhoods neighbourhoods
Iskenderpasa Bahgecik Cukurcay1r Aydinlikevler 2 Nolu Besirli
Boztepe 1 Nolu Erdogdu Universite Soguksu 1 Nolu Besirli
Yenicuma Kalkinma 3 Nolu Erdogdu Yesiltepe Karsiyaka
Gazipasa Kaymakl 2 Nolu Erdogdu Fatih Kutlugiin
Cumhuriyet 2 Nolu Bostanci Inonii Toklu Golgayir
Degirmendere Hizirbey Yal Konaklar Bengisu
Esentepe Giilbaharhatun Yenimahalle Kanuni Cilekli
Kemerkaya Sanayi 1 Nolu Bostanct Bulak Aktoprak
Comlekei Carst Kurtulus Bestas

Pazarkap1 Fatih Sultan

Ortahisar Camoba

Zafer
Total Zone 1 Total Zone 1-2 Total Zone 1-3 Total Zone 1-4 Total Zone 1-5
Population Population Population Population Population
33.922 76.998 160.054 220.717 235.512

Environmental Costs

The environmental cost of the Trabzon port emission releases for each pollutant has been predicted
for 2018 and was $32 million and $47.039 per ship call (Table 5). These results can be matched with
further environmental costs. Berechman and Tseng (2010) analysed the environmental costs of
Kaohsiung port as $123 million per year. Maragkogianni and Papaefthimiou (2015) assessed the releases
of cruise vessels hosted by Greece ports such as Piraeus, Santorini, Mykonos, Corfu and Katakolo as
€24.25 million. Song (2014) calculated the Shanghai Yangshan port's social cost and eco-efficiency and
the total social cost and eco-efficiency performance was found as $287 million, $36,528 respectively.

Table 5. Environmental Costs of the Trabzon Port

Pollutants NOx CO: vocC PM SOx Total Environmental
Costs
Environmental cost 4.992 26 1.390 375.888 13.960 -
(Lee et al., 2010) $/ton $/ton $/ton $/ton $/ton
The amount of port 906 52.160 38 54 409 -
emissions tons tons tons tons tons
Total environmental 4.522.752%  1.356.160% 52.8208  20.297.952%  5.709.640% 31.939.324%
costs
Conclusion

The air emissions generated from ships in the Trabzon port were assessed as 906 t y™! for NOx, 409
ty! for SOx, 52.160 t y! for CO», 54 t y! for PM, 38 t y'! for VOC. General cargo and tanker vessels
are accountable for the 87% exhaust gas emissions in the port, and container, bulk carrier, other vessels
such as tugs, passenger vessels, service boats follow it. Ship-borne air emissions are emitted at cruising
mode (81%), followed by port mode (18%). Port mode emissions are more than the manoeuvring mode
(1%) since harbour handling activities are longer than the manoeuvring events. The following
conclusions can be drawn from the present study that port emissions in the Trabzon port may have
negative effects on the health of a minimum of 33.922 people living 1 km from the port area including
other emissions (domestic heating, road traffic, and industry). All kinds of emission sources in the
harbour area should be detected and measures to decrease the emissions should be executed in this
context. This is the first study to estimate the Trabzon port emissions in the Black Sea region. The
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present study made some remarkable contributions to literature about port emissions and supported other
port emissions in the region.

Acknowledgments: The author would like to thank the port authority for providing data.
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Abstract: Turkey has an important place in the world ranking in terms of apple pro-
duction area and apple processing products. During the process, apple processing in-
dustries produce high amounts of fruit washing water with high Chemical Oxygen
Demand (COD) and acidic properties, which are highly suitable for use as a fungal
substrate. It is also known that fungal oils produced by oleaginous fungi from
wastewater is also suitable to produce low-cost biodiesel as an alternative fuel. In this
study apple processing industry wastewater was used as an alternative substrate for
Mucor circinelloides and the C/N/P ratio was changed to improve fungal lipid pro-
duction. Maximum oil content of dry fungal biomass was 17.7 %. Composition of
fatty acids from the fungal oil were also analyzed and gas chromatography analyses
showed that the major fatty acid was oleic acid (C18:1, 31.62 %) which is very suita-
ble for biodiesel production. Results of the study indicated that fungal oil produced
from the low-cost substrate apple processing industry wastewater can be useful as an
alternative source for different industries especially in the bio-energy for the future.
Keywords: Apple processing industry, wastewater, fatty acid, fungal oil, Mucor cir-
cinelloides, value-addition.

Introduction

Rapid population growth and rapid industrial development have led to an increase in new food
products and agricultural practices, and consequently the rapid depletion of natural resources. Therefore,
the increase of industrial and agricultural wastes and the decrease of fossil fuels constitute the most
important environmental problems (Owusu & Asumadu-Sarkodie, 2016). To minimize the environmen-
tal damages of these wastes, on the other hand, to find alternative energy sources is the focus of recent
researches. Biofuels, on the other hand, are an alternative fuel source for reducing dependence on fossil
fuels. Biofuels have many advantages, such as energy independence, reduction of greenhouse gas emis-
sions and economic sustainability. It is known that the oils of various plants are used in the production
of biodiesel which is a type of biofuel. However, the use of primary foods and favorable agricultural
land for biodiesel production has recently led to controversy.

It is known that microbial oils (single cell oils) can be produced by many microorganisms and these
oils have a very high potential as a raw material for biodiesel production. In addition, microorganisms
are not affected by changing seasonal and climatic conditions, having a high amount of oil content in
the cells. Microorganisms can be produced in large quantities in a short time compared to plants, which
makes biodiesel production superior to microbial oils (Xue, 2006). In recent years, oil accumulating
fungi have been seen as a preferred raw material for the sustainable biodiesel industry (Sankaran et. al.,
2010; Khot et al, 2012; Bhanja et.al., 2014; Amoozegar; 2019).

Among the oil-producing fungi, the genus Mucor is of great biotechnological importance since they
can accumulate high levels of triacylglycerol in the mycelium. Concerning lipid-producing Mucor spp,
several previous studies in the literature have reported that Mucor circinelloides offer polyunsaturated
fatty acids-rich lipids that can be used as alternative raw materials to obtain biodiesel (Annie, 2018).

The production of new food products and fruit juices from fruits leads to the formation of by-
products or waste water containing high amounts of organic matter. Ucar et al. (2016) reported that the
demand for apple products increases gradually both in the Turkey and the world. Countries with highest
production of apples include China (49.10%), United States (5.05%), Turkey (3.87%), Poland (3.82%),
and Italy (2.74%). Because of suitable climate, apple production in Turkey increases year by year re-
sulting in significant amount of wastewater production from their processing industries. It is not possible
to discharge this wastewater into the receiving environment without treatment, representing a significant
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financial burden on industries. However, due to the presence of polysaccharides, nitrogen, phosphorus,
various minerals and organic acids, it is possible to convert this wastewater into a suitable medium for
the growth of fungi. The utilization of wastewater compounds by fungi can result in wastewater suffi-
ciently clean to meet the discharge and/or recycling criteria while simultaneously increasing biomass
yield and oil composition, the extent of which depending on the environmental conditions and species
selected (Puyol et al., 2017).

There are various studies on the use of fungal oils in biodiesel production. However, the use of
industrial waste streams as a substrate for the production of fungal oil for subsequent biodiesel produc-
tion has been limited.

Materials and methods
Wastewater supply and analysis

In this study, wastewater of apple processing industry (Anadolu Etap Agriculture and Food Prod-
ucts Industry) located in Mersin, Turkey was used as a substrate in fungal oil production.

Chemical Oxygen Demand (COD), pH, conductivity and Total Nitrogen (TN) analyzes were per-
formed in order to characterize the wastewater supplied. TN analyzes were performed with Hach brand
LCK138 nitrogen kits with a measuring range of 1-16 mg/ L. COD analyzes were performed both with
Hach brand LCK514 kits with a measuring range of 100-2000 mg / L and standard methods (5220 C)
(Standard Methods, 2005). Total Phosphate (TPO4*) analyzes were performed according to the phos-
phorolybdenum blue method with Hach brand LCK348 test kits. All analyzes performed for the char-
acterization of wastewater were carried out in 3 replicates (Tablel).

Renewal and inoculation of fungal cultures

0.1mL of M. circinelloides spore stocks in glycerin stored at -85 °C were used as the inoculum to
inoculation of Potato Dextrose Agar (PDA) plates at aseptic conditions and incubated at 31 °C for 5
days (Mitra et al., 2012). At the end of the incubation period, agar fragments were cut to about 1 cm?
from the solid culture of the fungi and inoculated into flasks containing sterilized Potato Dextrose broth.
The flasks were incubated for 2 days in an orbital shaking incubator at 31 °C and 150 rpm.

Incubated M. circinelloides biomass in the flasks was separated from the liquid phase by filtration
under sterile conditions and washed twice with sterile isotonic serum (0.09% NaCl solution). Therefore,
the carbon source that is likely to come from the pre-culture medium is removed. Then the fungal bio-
mass was rinsed with sterilized de-ionized water to remove any salt from the NaCl solution. The washed
fungal biomass was placed into 250 mL Erlenmeyer flask containing 100 mL of sterile deionized water
and homogenized under sterile conditions for 135 seconds at 13500 rpm to produce fungal inoculation
solution for oil production experiments.

Determination of fungal biomass and oil yields

Homogenized M. circinelloides mycelium suspensions were then oven dried at 80 °C for 24 h. All
of the experiments were performed in triplicate. Yields and coefficients were determined according to
equations below (Carota et al., 2017; Chan et al., 2018):

The biomass yield was expressed as grams of dry biomass per liter of Apple Processing Industry
Wastewater (g/L). Oil yield (AP) was calculated according to Eq. (1) (g/L):

AP =AXX (CL/100) ..c.oiiiiiiiiiiiis (1
where AX is the biomass yield (g/L) and Cy. is the intracellular oil content (%).

Optimization of growth and oil production conditions

Optimization of carbon /nitrogen /phosphorus (C/N/P) ratios of wastewater was investigated in
order to increase fungal oil production. For this purpose, wastewater has been prepared in three different
C/N/P ratios, 100/18/1, 100/10/1 and 100/5/1. Urea, D-Glucose, K;HPO4 and KH,PO4 were added to
provide necessary ratios. The pH of wastewaters with different C/N/P content was then adjusted to 6.00,
the optimum pH of M. circinelloides fungi, by addition of 1 M NaOH solution. Wastewaters with dif-
ferent C/N/P ratios were added to the 4L volume reactor and autoclaved with glass reactor at 121 °C for
15 minutes.
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After sterilization, 100 mL of homogenized fungal biomass was inoculated into the reactor under
aseptic conditions and incubated for 48 hours at 31 °C, 200rpm agitation and the addition of oxygen
from the bottom of the reactor with a diffuser. At the end of the incubation period, fungal biomass was
harvested from wastewater and oven dried 60 °C for 24 hours.

Intracellular fungal-oil extraction using high-power ultrasonication

The oven-dried fungal cells were subjected to ultrasonication for 30 min with a maximum power
output of 400W and frequency of 40 kHz (Mercury) in the presence of toluene and methanol (1:1, v:v)
to disrupt the cell wall of fungus and extraction of the intracellular oil (Christi et al, 2010; Mitra et al.,
2012). After the ultrasonic bath, the biomass was filtered (whatman no. 1) into the flask and washed
with methanol-chloroform (2:1, v:v) solutions. The flasks were then kept in an oven at 60 °C until the
organic solvents became volatile. After that step, the flasks were kept in desiccator for 30 minutes and
the extracted oils were weighed (Mitra et al., 2012).

Analytical methods for fatty acid analysis of fungal oil

Fatty acid profiles of microbial oils were performed by a Agilent 7890A gas chromatograph
equipped with HP Innowax column (30 m length, 0.25 mm internal diameter, 0,25um film thickness)
and a flame ionization detector. The operating conditions were as follows: detector temperature at 330
°C and initial oven temperature at 140 °C held for 5 min then raised to 250 °C at a rate of 10 °C /min,
then held at 250 °C for 15 min. Carrier gas was helium (20 cm/sec), injection mode 1 pl, 280 °C, split
100:1. Chromatographic peaks and retention times were identified by the comparison to a fatty acid
methyl ester (FAME) standard mixture and individual peaks were quantified by means of external stand-
ards and their corresponding calibration curves.

Conclusion
Determination of optimum C/N/ P ratio of wastewater

According to the results of the determination of dry fungal biomass, 1 mL homogenized mycelial
suspension contained 9.32 g/L. fungal dry mass. In the studies to determine the optimum C/N/P content
of the wastewater, it was observed that the development of mycelium was favored when using a C/N/P
ratio of 100/10/1.

In regards to the biomass yield and composition, the amount of wet and dry fungal biomass har-
vested from wastewater with different C/N/P ratio and the mass of the oil extracted from the dry fungal
biomass are given in Table 2. Picture depicting the various biomass oil yields are shown in Figurel.

o s ol

i ey o7 PT T N s
Figure 1. Oils from fungal biomass developed in wastewater with different C/N/P ratios (left:100/5/1;
middle:100/10/1; right:100/18/1).

As described in Table 2, the highest oil production yield (17.7%) was achieved with the use of
wastewater with a 100/10/1 ratio. Previous studies indicated that the fungal oil yield of the oleaginous
fungi growth in different substrates were obtained between 12% and 24% by different researchers. Vi-
cente et al. (2009), investigated the effects of temperature, pH and solvents used for extraction on fungal
oil yield and reported yield values ranging from 15.3% to 19.9%. Chan et al. (2018) reported that M.
circinelloides oil yield reached 24% of dry biomass and 2.20 g/L. whey permeate, at 168 h incubation
period.
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Table 1. Characterization of apple processing industry wastewater

Chemical Oxygen Demand (COD) 2400 mg/L

Total Nitrogen (TN) 428 mg/L
Total Phosphate (TPO.*) 2.47 mg/L
pH 4.70
Temperature 23°C
Suspended solid 740 mg/L

Table 2. Wet and dry fungal biomass harvested from wastewater with different C/N/P ratio and amount
of obtained fungal oil.
Wastewater with different Wet Fungal Biomass Biomass Yield Oil yield Cv (%)

C/N/P ratio (g/L) (AX) (AP)
100/5/1 184.180 7.898 0.408 5.17
100/10/1 330.406 17.072 3.015  17.67
100/18/1 165.386 10.609 0.698 6.58

The oil yield observed in our study is in agreement with the values reports in the literature using
other substrates, although is below the maximum value reported. However, apple processing wastewater
is considered as a good alternative for producing single cell oil due to its availability and low cost. The
process herein developed can be further scaled up to pilot-and industrial-scale.

Fatty acid profile of fungal oil

The chromatogram of the fungal oil obtained from M. circinelloides growth in apple processing
industry wastewater shown in Figure 2. Fatty acid types and contents (%) of the obtained oil are also
given in Table 3.
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Figure 2. Fatty acid profile of fungal oil obtained from M. circinelloides growth in apple processing
wastewater.

When the fungal lipids are examined, it is known that the most common linolenic acid (C18: 3) is
the precursor of omega-6 fatty acids. Linoleic acid is converted to gamma linolenic acid (GLA), an
important food supplement in the body. Therefore, the fungal biomass is known to be a rich source of
gamma linolenic acid (Ratledge, 2004).
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Table 3. Fatty acid composition and contents (%) of the fungal oil obtained from the cultivation of M.
circinelloides in Apple Processing Wastewater.

Fatty acid types  Fatty Acid Standard Number Content (%)

Oleic acid C18:1 31.62
Palmitic acid C16:0 27.74
Linoleic acid C18:2 12.24
Linolenic acid C18:3 11.64
Stearic acid C18:0 7.34
Palmitoleic acid Cle:1 2.34
Lauric acid C12:0 1.53
Heptadecanoic acid C17:0 1.07

The high content of oleic acid which is one of the monounsaturated fatty acids of the fungal oil
obtained in the study shows that this oil can be a preferred substrate for biodiesel production (Durett et.
al., 2008; Sit-up et al., 2013; Sitepu et al., 2014). Moreover, linolenic acid (11.64 %), was also reported
to have beneficial effects for the prevention and treatment of inflammatory disorders, diabetes, cardio-
vascular disorders, cancers and some other diseases (Horobbin, 1992; Fan and Chapkin, 1998; Lu and
Zhu, 2015; Kim et al., 2012).
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