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Abstract

Flux Cored Arc Welding (FCAW) has been a viable welding process for structural steel erection, heavy equipment repair, bridge
construction and other similar applications. The primary welding parameters (welding current, welding speed and arc voltage) determine
FCAW weld geometry, weld mechanical properties and weld quality. In this study bead on plate welds were produced on SAE 1015
steel work pieces. Metallographic investigations were done on the cross-sectional of the welds. The effects of the primary welding
parameters on weld components (penetration depth, reinforcement height, width, reinforcement contact angle, reinforcement areca and
penetration area) were measured. The effects of primary welding parameters on weld bead geometry are presented in graphical forms.

Keywords: Flux cored arc welding; arc welding parameters; weld bead geometry; weld geometry components.

Birincil Kaynak Parametrelerinin FCAW Celik Kaynak Formuna

Etkileri
Oz
Ozlii tel ark kaynag yiiksek ergime giicii ve yiiksek kaliteli dikis iiretme 6zelligine sahip oldugundan kullanimu siirekli artmaktadir. Bu
ozelliklerin korunmasi i¢in 6zlii tel ark kaynagi parametrelerinin yakindan kontrol edilmesi gerekmektedir. Kaynak akimi ve kaynak
geriliminin etkisini ortaya ¢ikarmak i¢in alasimsiz ¢elik levhalar iizerine 6zlii tel ark kaynak yontemi ile kor dikisler ¢ekilmistir.

Dikislerin genislik, niifuziyet ve tagima yiikseklikleri, eriyen ve yigilan metal kesit alanlari ile dikis yiizeyi agilart dl¢iilmiistiir. Her
kaynak parametresinin dikis geometri boyutlari iizerindeki tesirini ortaya ¢ikaran grafikler ¢izilmistir.

Anahtar kelimeler: Aki 6zIi ark kaynagi; ark kaynagi parametreleri; kaynak boncuk geometrisi; kaynak geometrisi bilesenleri

. is also popular in weld cladding [6,7]. The FCAW process offers
1. Introduction distinct advantages over the welding processes which makes it
highly popular [2]. It also has cost advantages. The advantages of

Flux cored arc welding (FCAW) uses a wire that contains FCAW are summarized below:

materials in its core that, when burned by the heat of the arc,

produces shielding gases and fluxing agents to help produce a e It has a precise control on welding current and welding
sound weld without the need for external shielding gas. The energy,

shielding can endure a strong breeze. When finished, the weld is ] o

covered with slag that must be removed [1]. FCAW is a variant of *  High metal deposition rates,

the MIG/MAG process. The only difference lies in the electrode.
The FCAW electrode is a tubular wire which contains flux in it.
During the welding operation, the flux of electrode melts and e Low spatters and low cost for shielding gas,
produces a shielding gas and a liquid flux. The arc area is covered
by the shielding gas. The weld pool is protected from the
atmosphere by the gas and the slag. The welding pool can also be e  Suitable for robotic welding and
protected by extra shielding gases. Mostly carbon dioxide is used.
FCAW may be applied semi automatically or automatically.

. More tolerance to rust and mill scale,

e  Less operator skill required,

e  High weld quality.

The semiautomatic FCAW process is a highly productive
process for structural steel fabrication [2] and repair [3-5]. FCAW
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The profile of a weld bead has been determined to have a
significant influence on welding quality [8]. A weld bead
geometry and its components are schematically defined in Figure
1[9]. The primary welding parameters (welding current, arc
voltage and welding speed) directly controls the welding energy
and determines the size of each weld bead geometry component
[1,10]. Generally the volume of the weld increases with the
welding energy. The welding energy is calculated from equation
1[11].

i = LEf
— g ey
I : Welding current
E: Arc voltage
S: Welding speed
f : Arc efficiency

Figure 1. The cross-sectional appearence of a bead on plate
weld and the weld components [9]. Ar: Reinforcement area, Ap:
Penetration area, D: Penetration depth, H: Reinforcement
height, W: Bead width, 0: Reinforcement contact angle.

The cross-sectional area of the weld bead controls the cooling
rate of the weldment [11]. Thus, the weld cross-sectional area
determines the mechanical properties of the weld metal [12]. The
fatigue properties of a weld is indirectly proportional with the
reinforcement contact angle of the weld [9] The weld width (W)
[12] and the ratio of penetration depth to weld width (D/W) [9]
has a direct effect on weld pool shrinkage and shrinkage stresses
respectively. The welding stresses and the cracking tendency of
the weld increases with W and D/W ratio. The mechanical
properties and cracking risk of a weld are directly dependent upon
the volume [13] and form of the weld cross-sectional area [14].

The importance of primary welding parameters on weld
geometry, mechanical properties and weld quality is clearly
explained in the above paragraph. Optimal selection of these
welding parameters is required for the high quality joining and
also for cost effectiveness [1]. Therefore, optimal welding
parameters have to chosen for desired joining operations [15].
Various optimization methods, such as, Taguchi method [16, 17],
fractional factorial technique [18], linear regression [19], response
surface methodology [20] and artificial neural networks [21] have
been applied to various welding processes. Several optimization
papers for the FCAW process have been published [22-28]. In
these papers, the effects of welding current, welding speed, arc
voltage and nozzle to plate distance were experimentally
investigated.
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In FCAW, primary welding parameters directly control the
heat of the arc [30], and determine the weld geometry and
mechanical properties. This study is intended to fully explain the
effects of FCAW welding current, arc voltage and welding speed
on the size of FCAW weld components.

2. Experimental

In the experimental procedure of this study a 10 mm thick
SAE 1015 steel plate was used. The chemical properties of the
plate is presented in Table 1. 350x100 mm welding test pieces
were obtained from the plate by the laser cutting process. In
cutting operation the longitudinal direction of the piece was
chosen parallel to the rolling direction of the plate.

Bead on plate welds were produced with a semi automatic
Askaynak Magtronik 500 W FCAW welding machine. Prior to the
welding operations, the surface of work pieces were cleaned with
an abrasive wheel and asetone. The welding torch was kept at an
inclination of 85° to the pull direction. The speed of the torch was
electronically controlled..

1.2 mm diameter AWS E71T-C rutile filler wire was
consumed in welding. A 19.5 mm distance between the work
piece and the contact tip was kept constant in welding
applications. No preheating was done. CO2 shielding gas flow
was kept at 12 1t/min in every welding. Only 300 mm long weld
was produced on each work piece. After finishing the welding
processes, the welds were cut perpendicular to the welding
direction by using a power hacksaw. A 25 mm long piece from the
beginning and the rear of the weld were cut out. The remaining of
the weld was cut into 5 equal specimens. The cut surfaces of the
specimens were polished with abrasive papers. Then the
specimens were etched using 8% nital solution to reveal the weld
bead size and shape. The etched sections were scanned to 1000%
of the original size in a scanner and each weld bead was
photographed. The weld bead geometry parameters were
measured by using a planimeter, a ruler and a protractor on a
macrostructure image photograph. We obtained 5 different results
for each welding condition. Arithmetic average of the results were
calculated to determine the weld bead geometry parameter.

3. Results and Discussion

Figure 2 shows a typical macroscopic cross section of a weld
bead. Measurements were done on peach photograph. Then
mathematical averages were calculated. The obtained
experimental results were presented by series of graphics. The
results were discussed according to the effects of each welding

parameter.

Figure 2. Typical macrography of a weld bead.

3.1. Effects of Welding Current
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In welding current effect tests, 26.5 volts arc voltage and 4.5
mm/s welding speed were kept constant in welding operations. In
welding operations, the welding current was varied between 190-
310 Amperes. Figure 3 shows the effects of welding current on
the weld bead components. The increase in the welding current
caused a higher welding input energy according to the Equation 1
[29]. More energy was produced with a high current which
resulted in a bigger weld size. Thus, the total weld bead cross-
section area (At) was found to be enlarged with the welding
current. At is obtained by adding the reinforcement area (Ar) to
the penetration area (Ap) [9], where At is the indicator of the weld
bead size. The total weld bead area gets larger linearly with
increase in welding current as indicated in Figure 3a. Figure 3b
shows the weld bead cross-section area growth trend with the
welding current. Ar and Ap increase linearly with the welding
current, but the slope of each line is different. The growth rate of
the Ar is bigger than the growth rate of the Ap. The size of Ar and
Ap are roughly identical at 190 Amperes welding current. The size
difference between them significantly appears with the welding
current [31]. When the passing current increases the current
density in the electrode also increases [32]. A higher welding
current density causes more heating of the electrode and hence
larger volume of the electrode melts [33]. The droplet formation
frequency and droplet temperature increase with the current
density [9]. The welding current also increases the falling velocity
of a droplet [9]. The weld pool size gets larger with the welding
current due to the high electrode melting rate [34]. The growth of
the weld pool size results in an important increase in Ar as shown
in Figure 3b. With the pool size the heat being transferred to the
base metal from the weld pool increases. More melting of the base
metal occurs by high energy transfer and this leads to a rise in Ap.
However, the increase in Ap is not as big as the increase of Ar.
High energy formation with the welding current enlarges the weld
width as shown in Figure 3c. The enlargement of the Ap causes
an increase in the weld width. The growth rate of the weld width
is proportional to the growth rate of the Ap. The increase of the
welding current results in a remarkable increase in the penetration
depth as shown in Figure 3d. The increase in heat put transfer and
the momentum of liquid electrode droplets induce a deeper
penetration of the weld pool [9]. The growth rate of the
penetration depth is bigger than the penetration area growth rate.
The welding current has a considerable effect on the
reinforcement height. Figure 3e indicates that the reinforcement
height increases with the welding current. The high increase in Ar
causes a major increase in the reinforcement height. The
ascending welding current produces an increase in the
reinforcement height and hence an important growth in the
reinforcement contact angle as shown in Figure 3f.
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Figure 3. Effects of welding current on weld components.
parameters: (a) Weld bead size, (b) Weld reinforcement and
penetration area, (c) Weld bead width, (d) Weld penetration

depth, (e) Weld reinforcement height and (f) Weld reinforcement
contact angle.

3.2. Effects of Arc Voltage

In arc voltage effect tests 220 Amperes welding current and
4.5 mm/s welding speed were kept constant in welding operations.
In welding operations, the arc voltage was varied between 26.5-
32.5 volts. The welding input energy increases with the arc
voltage according to the Equation 1. Figure 4 shows the effects of
arc voltage on weld bead geometry. The Figure 4a illustrates that
the total weld bead cross-section area increases linearly with the
arc voltage. The slope of this line is smaller than the slope of
Figure 3a’s. The comparison of the lines illustrates that the arc
voltage has a less effect on the weld bead size than the welding
current. The increase in the heat input with the arc voltage makes
a negligible effect on the electrode melting rate [10]. There is a
small increase in the melted electrode volume with the arc voltage
[27]. Thus, small increases in Ap and Ar occurred with the
increasing arc voltage as shown in Figure 4b. Figure 4a shows that
small amounts of growth in Ap and Ar result in a small growth in
the weld bead size (Figure 4a). In electric arc welding operations
the arc forms between the base metal and the electrode. The
increase of the arc voltage enlarges the bottom part of the arc [1].
Thus, more heating and thus more melting occurs on the surface
of the base metal. This wide melting produces a wide weld pool
[35,36]. The effect of the arc voltage on the weld width is shown
in Figure 4c. The weld width shows a big increase with arc voltage
because of wide weld pool formation [7,34]. The comparison of
Figure 4c and 3c shows that arc voltage is more effective on the
weld width than the welding current. Figure 4d shows that the arc
voltage causes a small increase in penetration depth. The heat
input gain with the arc voltage was mainly consumed on widening
of the weld bead. As a result, a small increase in penetration depth
occurred.

Figure 4e shows that the reinforcement height decreases with
arc voltage. A small increase in weld bead size and a big growth
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of the weld width are obtained with increasing the arc voltage.
These changes cause the decrease of the reinforcement height.
The decrease of the reinforcement height and increase of the weld
width jointly cause the decrease of the reinforcement contact
angle as shown in Figure 4f. Similar results were obtained in
GMAW [37] and other FCAW operations [38- 40].

\
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Figure 4. Effects of arc voltage on weld bead components. (a)
Weld bead size, (b) Weld reinforcement and penetration area, (c)
Weld bead width, (d) Weld penetration depth, (e) Weld
reinforcement height and (f) Weld reinforcement contact angle.

3.3. Effects of Welding Speed

In welding speed effect tests, 300 Amperes welding current
and 32 volts arc voltage were kept constant in the welding
operations. In the welding operations, the welding speed was
varied between 3.7-5.3 mm/s. Equation 1 shows that the welding
input energy reduces with the welding speed. This reduction in the
welding heat input lowers the melting rate of the electrode and
less base metal is heated. The combined effects of less heating and
small energy input resulted a decrease in metal deposition rate and
base metal melting rate. The effects of the welding speed on weld
bead components are indicated in Figure 5. Figure 5a shows that
the welding speed cause a decrease in the weld bead size. Figure
5b shows that weld metal deposition and base metal melting are
reduced with the welding speed. These reductions are the reasons
of the small weld bead size. The small weld bead size causes a
narrow weld bead (Figure 5c¢), a small penetration depth (Figure
5d), a small reinforcement height (Figure S5e) and a small
reinforcement contact angle (Figure 5f).
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Figure 5. Effects of welding speed on weld bead components.: (a)
Weld bead size, (b) Weld reinforcement and penetration area, (c)
Weld bead width, (d) Weld penetration depth, (e) Weld
reinforcement height and (f) Weld reinforcement contact angle.

4. Conclusions and recommendations

The measurements done on FCAW bead on plate weld
photographs lead to the following conclusions.

1. An increase in the welding speed causes a decrease in
every property of the weld component.

2. Anincrease in the welding current causes an increase in
the weld bead size, weld width, penetration depth, reinforcement
height and reinforcement contact angle.

3. The arc voltage increases the weld width, the weld size
and a slight penetration depth.

4. The reinforcement height and the reinforcement contact
angle decrease with an increase in the arc voltage.

References

[1] Carry, H.B., Helzer, S.C., 2005. Modern Welding Technology,
Prentice Hall, New York.

[2] Blognett, O.W., Funderburk, R.S., Miller, D K., Quintana, M.,
1999. Arc Welding

Foundation, Cleveland.

[3] Mitchell, K.C., 2003.Operation Maintenance and Materials 2,
1.

[4] Aloraier, A., Al-Mazrouee, A., Price, J.W.H., Shetata, T.,
2010. Inter. J. Press.

Vessels. Piping., 87, 127.

[5] Aloraier, A., Ibrahim, R., Thomson,

P., 2006. Inter. J. Press. Vessels. Piping., 83, 394.

[6] Palani, P.K., Murugan, N.,

Karthiyekan, B., 2006. Mater. Sci. Technol., 22, 1193.

[7] Palani, P.K., Murugan, N., 2007. J. Mater.

Proces. Technol., 190, 291.

[8] Pal, S., Pal, S.K., Samantaray, A.K., 2008. J.

Mater. Proces. Technol., 202, 464.

[9] Yukler, I., Calis 1., 1999. MUTEEF Publications.,

Istanbul.

[10]Murugan, N., Gunaraj, V., 2005. J. Mater.

15



Avrupa Bilim ve Teknoloji Dergisi

Proces. Technol., 168, 478.

[11]Kou, S., 1987. Welding Metallurgy, John Wiley and Sons,
New York.

[12]Dey, V., Pratihar, D.K., Datta, G.L., Jha, M.N., Saha, T.K.,
Bapat, A.V., 2009. J. Mater. Proces. Technol., 209, 1151.

[13]Sandor, T., Dobranszky, J., 2007. Mater. Sci. Forum., 63,
537.

[14]Bauber, B., Topia, Kralj, S., Kouh, Z., 2011.

Mater. Technol., 45, 413.

[15]De, A., Jantre, J., Ghosh, P.K., 2004. Sci.

Technol. Weld. Join., 9, 253.

[16]Benyounis, K.Y., Olabi, A.G., 2008. Adv. Eng.

Software., 39, 483.

[17]Eeme, U., Bayramoglu, M., Kazancuoglu, Y., Ozgun, S.,
2009. Mater. Technol., 43, 143.

[18]Bilici, M.K., Yukler, A.I., Kurtulmus, M., 2011. Mater. Des.,
32, 4074.

[19]Murugan, N., Parmar, R.S., 1994. J. Mater.

Proces. Technol. 41, 381.

[20]Kim, L.S., Son, K.J., Yang, Y.S., Yaragada, P.K.D.V., 2003. J.
Mach. Tool. Manuf,, 43, 763.

[21]Koleva, E., Vuchkov 1., 2005. Vacuum, J., 77, 423.

[22]0kuyucu, H., Kurt, A., Arcakoglu, E., 2007. Mater. Des., 29,
78.

[23]Raveendra, J., Parmar, R.S., 1987. J. Metal. Cons., 19, 31.

[24]Sudhakaran, R., Vel-murugan, V., Sivasakthinal, P.S., 2012. J.
Eng. Research., 9, 64.

[25]Rodrigues, L.O., Paiva, A.P., Costa,

S.C., 2009. Welding. Inter., 23, 261.

[26]Starling, CM.D.,  Modenesi, P.J., Borba, TM.D., 2010.
Welding. Inter. 24, 485.

[27]Kanman, T., Murugan, N., 2006. J. Mater.

Proces. Technol. 176, 230.

[28]Palani, P.K., Murugan, N., 2006. Inter. J.

Advan. Manuf. Technol., 30, 669.

[29]Sadek, A., Ibraham, R.N., Price, JWH., Shetata, T.,
Ushio, M., 2001.  Trans. Japan. Welding. Research. Ins.,
30, 45.

[30]Rajkumar, G.B., Murugan, N., 2012. J. Sci.

Research., 78, 85.

[31]Gomes, J.H.F., Costa, S.C., Paiva, A.P.,

Balestrassi, P.P., 2012. J. Mater. Eng. Perform., 21, 918.

[32]Singh, R.P., Garg, R.K., Shukla, D.K., 2012.

Inter. J. Eng. Sci. Technol., 4, 747.

[33]Srivastava, B.K., Tewari, S.P.,

Prakasha, J., 2010. Inter. J. Eng. Sci. Technol., 2, 1425.

[34]Gunaraj, V., Murugan, N., 1999. J. Mater.

Proces. Technol., 88, 266.

[35]Alam,S., Khan, M.1., 2011. Inter. J. Eng. Sci. Technol., 3,
7408.

[36]Hrabe, P., Choteborsky R., Navratilova, M., 2009. Inter.
Conf. Eco. Eng. Manuf. Systems, Brasov, 26-27 November,
Romanya.

[37]Kolahan, F., Heidari, M., 2011. J. Aerospace. Mech. Eng., 5,
138.

[38]Rajkumar, C.B., Murugan, N., 2010. Euro. J.

Sci. Research., 78, 85.

[39]Kumar, V.V., Murugan, N., 2011. J. Mineral.

Mater. Charac. Eng., 10, 827.

[40]Nouri, M., Abdollahzadehy, A., Malek, F., 2007. J. Mater. Sci.
Technol., 23, 817.

www.ejosat.com ISSN:2148-2683

16



Avrupa Bilim ve Teknoloji Dergisi
Sayr 12, S. 6-8, Nisan 2018
© Telif hakki EJOSAT a aittir » A

| & o f

European Journal of Science and Technology
No. 12, pp. 6-8, April 2018
Copyright © 2014 EJOSAT

Research Article

A Study of Ship Discharge State Analysis in the Narrow Water Way:
The Contribution of Mathematical Modeling

Zuhal Er'", Beril Tugrul®

'ITU Faculty of Arts and Sciences, Physics Engineering Department (13b), 34469 Maslak, Istanbul
2 Istanbul Technical University, Nuclear Researches Division, Istanbul-Turkey

(First received 09 April 2018 and in final form 27 April 2018)

Abstract

Discharging of diesel oil pollution incident in the narrow water ways were analyzed firstly experimental and evaluated by
mathematically, in this study. It was performed by utilizing the radiation tracing technique which comprises the real life application of
a ship's oil pollution for various scenarios. The modeling phenomena developed by using Fick's 2nd law can provide the opportunity to
propose expected solutions including the finite systems and half finite systems. The experimental research was designed based on the
determination of various discharge quantities of diesel oil for narrow water ways. This study aims beyond the scope of marine accident
scenarios since it takes into account various discharges from shore-based facilities as well. Then experiments were held for ten various
discharge quantities in this study where the alternative dilution levels of the effluents have been estimated in advanced with graphical
assessments. Consequently this study provides a proposed mathematical model for the determination of spillage by the aid of radiation

tracing technique while taking into account different incident types.

Keywords: Infrared measurement, Narrow water ways, Marine casualty, petroleum discharge, Ship sourced pollution.

1. Introduction

Oil-spill happens when liquid petroleum is released into the
environment by vehicle, vessel or pipeline. It can cause on a large
scale problem and is mostly seen in water bodies. It happens due
to human negligence and spilling can be occur by many ways e.g.
drilling rigs, offshore oil platforms and from the sea tankers. An
oil spills and their effects can also be experienced with refined or
raw petroleum or waste oil from large scale industries. All of them
is important for the environmental pollution and generally
damage on the environment drastically. They caused permanent
effects and takes a long time to clean up. Therefore, oil spilling is
a serious subject in the maritime transportation and also
environmental pollution.

This study indicates a mathematical model multi-physics
condition capability applied to oil-spill problem, which is a
serious subject in the maritime transportation environmental
pollution prevention taking into account oil spill modeling [1-4].
Therefore purpose of this study is to investigate the physics of the
oil spill into the sea water in case of an incident when a ship goes
through a narrow channel (e.g. Strait of Istanbul).

2. Experimental Procedure

To protect the environment and health of organisms there are
water quality standards which are determined by international
and/or national laws [12]. These standards are continuously

improved via the theoretical and experimental studies for real life
applications. Experimental technique can be modeled using
“Volume Warmed Oil Flow” approach to understand the basic
transport event using via the Infrared Measurement Technique,
which is originally proposed in this study. On the other hand,
discharged oil waste that owned momentum by the difference in
density between the waste and seawater begins to transport into
seawater where from a defined point to low level potential points.

It is aimed that o demonstrate the experimental study
capability of free surface flows and oil transport into no stream
reservoir. The problem is mainly steady in nature; both streams
are moving with respect to each other via ground force. “Volume
Warmed Oil Flow” approach is taken account for the oil spillage
is modeled as from the perspective of the physics modeling of the
process, the flow was assumed to be incompressible and laminar.
Due to the steady nature of the processing, the analyses were
performed in laboratory.

For the study some assumptions were considered as; a single
ship, far from coastal state assumption enables to ignore the
boundary effect of shore side, there were no special swell effects
taken into account in this study, large variety of spectrum

Discharge quantities of oil spill on various experiments
illustrated in Table 1 as relative unit and according to their
analogy or similarity in real life applications that condition of
experiment in the laboratory scale conditions. The system is
assumed to include three regions; namely seawater, oil and the air.

! Corresponding Author: ITU Faculty of Arts and Sciences, Physics Engineering Department (13b), 34469 Maslak, Istanbul, erzuh@jitu.edu.tr
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Furthermore, it is modeled as free surface flow in this sense. Inlet
region considered small and it does the spillage of the oil into the
seawater. The outlet region is also the default outlet. The
symmetry condition was used for the all other surfaces of the
model. The fluids used for the modeling were seawater, air and
oil with constant properties.

Spilling of petroleum from the ships are generally caused by
the holes occurred due to torn sheet irons [5,6]. As all as leakage
is dependent on system pressure. When a hole occurred on the
wall or bottom of the ship, the pressure difference where is
between the sea medium and petroleum container produce an
natural flow of the petroleum into the water way. Basically, the
higher the pressure, the larger the leak flow and vice versa [13].
In this respect, the common discharge effect of spill cases that are
caused by holes are taken into account during marine accident
simulation. The type of discharged quantity has also significant
effect on environment and for this reason it is preferred to carry
out experiments with diesel oil which has the significant impact
on sea surface pollution and causes serious environmental
problems in the long-run. Table 1 illustrates the relative discharge
quantity of oil spill that is the ratio between the spilling amount
and perimeter area depending on the various experiments with
their analogy or similarity in real life applications in the condition
of experiment under the laboratory scale conditions.

Table 1 Discharge quantities of oil spill on various experiments

Experiment Relative Discharge
Type of Accident
No Amount
Al
3
A2 Leakage
Discharge |~ 7
Leakage
3 ( g
or 10
A4
Spill 20
A5
or 50
A6
Flow out) 100
A7 ) Spill
Accidents 200
A8
300
A9

As the radiation can travel large distances between the
interactions in the detector material before detection is possible,
the detectors do not have 100% efficiency. In the radiation
measurement, one of the most important characteristics of a
detector is the efficiency of the detector that the efficiency of the
detector depends not only on detector properties but also on the
details of the counting geometry [11].

Tracing technique was applied by using infrared probe and
detected the diesel oil temperature that has hotter than the
seawater. Probe held without contacting the polluted seawater but
put the probe nearly closed of it during the applications of
radiation tracing technique. In order to complying the predefined
requirement and boundary conditions, experimental facility is
established similar to an open channel model using with the sea
water.
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3. Mathematical Model

In addition of experimental studies, analytical investigation is
carried out for oil spill arrival distance. Fick’s II Law is utilized
to model the above phenomena especially for finite and semi
finite systems [7-10]. The molecular diffusion can be expressed
as in the following equation by Fick's law:

Ji=-DVQ; )
where; Ji is diffusion Flux (m3/s), D is separation coefficient of

the dispersion of ith pollution and Qi represents ith Polluted
concentration.

VQ, :iaQi +kaQi +kaQi
OX oy 0z

2

The basic flow equation used is the continuity equation and
concentration for single phase dispersion can be expressed as;

2
01, _,0'Q _Q

T Ay 2

where; x is distance (m) and t represents the time (s). On the other
hand the semi-analytical solutions are a mix of analytical methods
considered the results of numerical calculations and experiments
[14]. Using by the solution of above Equation 3 can be supported
to calculate the reaching distance as;

x =[-4D,In Q%] (4)

where Qo represents total polluted concentration and Dt is
separation coefficient of the dispersion of ith pollution at time of
t. Therefore, the problem in a simple approach while evaluating
the experimental results with the semi finite solution equality can
be illustrated in the Equation 4.

3. Results and Discussion

The results of arrival distance arranged by the rate of
discharge hole are illustrated in the Figure 1. Therefore the results
of the analytical analysis and experimental data show consistency
to each other with the error rate below of 10 %. Furthermore the
mean absolute error is below 5 % and the approximate error is
nearly 1 %.
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Fig. 1. Reaching Discharge Rate versus Distance

Petroleum spilled from the ships are generally caused by the
holes occurred due to torn sheet irons. In this respect, the common
discharge effect of spill cases that are caused by holes are taken
into account during marine accident simulation. Figure 2 shows
that Oil leave in sea water / beginning discharge points (TFS5),
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where are at the all of experiments, dealing with comparative
graphs.
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Fig. 2. The beginning discharge points comparison graphic

4. Conclusions and recommendations

This study is accomplished for obtaining a simulation on oil
spillage into seawater where it is important as an ecological matter
as well. The results show that Infrared Measurement Technique
has this multi-physics capability for modeling such incidental
spillage problems. The spillage and the transport of the oil were
treated here as a “Volume Warmed Oil Flow” approach, the
problem can also be named as free surface flow. In fact the
problem demonstrated here is very complicated in physical terms
and needs some simplifications and assumptions. The results
showed that the multi-physics play an important role in the
complicated environmental studies modeling.

Experiments were held for ten various discharge quantities of
the diesel oil for narrow channels and narrow water ways utilizing
radiation tracing technique and compatible results were obtained
for the arrival distance determination, after the mathematical
application were done and the results are compared respectively.
This study constitutes the original applications of experimental
and mathematical approach for the determination of spilled
quantity caused by ships during the narrow channel navigation.

The agreement between the analytical and the experimental
values is remarkable and it is recommended for use to possible
estimate the quantity of oil spilled area. If the amount of the
spillage is also known, the total area of the polluted surface can
be calculated.
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Istanbul-Beykoz’daki Baz1 Toprak Orneklerinde Dogal Radyoaktivite
ve Radyolojik Parametre Tayini

. *
Osman Giinay*
! Okan Universitesi, SHMYO, Istanbul-Turkey

(ilk Gelis Tarihi 26 Nisan 2018 ve Kabul Tarihi 30 Nisan 2018)

Ozet

Evrenin ilk yaratiigindan beri var olan dogal radyasyonun belirlenmesi olduk¢a énemlidir. Bu amagla bu galismada Istanbul’un
Beykoz ilgesinde farkli 6rnekleme noktalar1 belirlenerek dogal radyoaktivite (??°Ra, 2%2Th, “°K) konsantrasyonlart HPGe detektdr
kullanilarak hesaplanmustir. Yapilan 6lgiimler sonucunda, radyum konsantrasyonu 27,75 BqKg™ ile 63,79 BgKg™ arasinda, toryum
konsantrasyonu 30,74 BgKg?! ile 89,75 BqgKg' arasinda, potasyum konsantrasyonu 533,73 BgKg? ile 912,12 BgKg* arasinda
degistigi bulunmustur. Ayrica ¢alismada, radyum esdegeri (Raeg), sogrulan gama doz hizi (D), yillik etkin doz degeri, (AEDE), yasam
boyu kanser riski (ELCR) miktarlar1 hesaplanmistir. Elde edilen hesaplamalarin tamami hem ulusal hem de uluslar arasi standartlarla

ve yapilmig olan benzer ¢aligmalarla karsilagtirilmstir.

Anahtar kelimeler: Toprak, Dogal radyoaktivite, Beykoz, Kanser Riski

Determination of Natural Radioactivity and Radiological Effects in
some Soil Samples in Beykoz-Istanbul
Abstract

It is important to measure natural radioactivity which existed since the creation of universe. Thus in this study, ?®Ra, 2*?Th, K
concentrations were calculated at different sampling points in Beykoz district of Istanbul using HPGe detector. As a result of the
measurements, the concentration of radium, thorium, potassium level have been found to be varied from 27.75 BgKg™ to 63.79 BgKg
1,30.74 BgKg™ to 89.75 BqKg™ and 533.73 BgKg to 912.12 BgKg™ respectively. In addition, radium equivalent (Raeq), absorbed
gamma dose rate (D), annual effective dose equivalent, (AEDE), excess lifetime cancer risk (ELCR) were calculated in the study. All
of the calculations have been compared with both national and international standards and similar studies.

Key words: Soil, Natural radioactivity, Beykoz, Cancer Risk
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1. Giris

Canlilar hayatlar1 siiresince yapay ve dogal radyasyona
maruz kalmaktadir. Canlilarin maruz kaldiklari1 radyasyonda, en
biiyiik katki dogal radyasyondan kaynaklanmaktadir. Dogal
radyasyon, genellikle kozmik 1simlardan ve karasal radyasyon
kaynaklarindan  olugmaktadir. Karasal dogal radyasyon
kaynaklarini olusturan ana radyoniiklidler uranyum, toryum ve
potasyumdur. Toprakta bulunan dogal radyoaktivite miktar1
jeolojik formasyona, cografik yapiya ve topragin karakteristik
ozelligine baghdir. Bu yiizden farkli bolgelerdeki, dogal
radyoaktif konsantrasyonlar1 farklt miktardadir (Malain vd.,
2012).

Topraklar insanlara siirekli radyasyon maruziyeti kaynagi
olarak davranir. Ayrica toprak radyoniiklidlerin su, hava, tortu ve
biyolojik sistemler gibi diger gevresel faktorlere gogiinii saglar
(Ribeiro, 2018). Bu nedenle, topraklar, canlilarin radyolojik
maruziyetini degerlendirmek ve c¢evreye kontamine olan
radyasyonu belirlemek i¢in O6nemli bir bilesendir.  Diinya
genelinde bir¢ok bolgede toprakta dogal radyoaktivite miktarinin
belirlenmesine yonelik ¢ok sayida caligmalar
yapilmistir(Akézcan vd. , 2014; Erees vd., 2006; Akdzcan,
2014(b); Akkurt vd., 2015; Uyanik vd., 2015; Cetin vd., 2016;
Seckiner vd., 2017; Akozcan vd., 2018). Topraktaki dogal
radyoaktivite miktarlarinin diizenli olarak arastirilmasi o bolgede
yasayan insanlarin maruz kaldiklar1 radyasyon miktarlarinin
belirlenmesi i¢in olduk¢a dnemlidir.

Farkli hizlarda ve biiyiikliklerdeki radyasyona maruz kalan
canlilarin viicutlarinda, gesitli zamanlarda farkli tiirde hastaliklar
cikabilir. Bir kisi 5 Gy den daha fazla radyasyon dozuna maruz
kaldiginda, iyilestirmeye yonelik bir takim tedaviler yapilmazsa
kemik iligi, sindirim sistemi bozukluklar1 sonucu yasamini
kaybedebilir. Eger aldigi radyasyon miktar1 50 Gy veya daha
fazlasi olursa tedaviye sonucunda bile yasamimi siirdiirme
ihtimali ¢ok disiiktir. Kisinin aldigi radyasyon doz miktar
disiikse viicut dokularda meydana getirdigi etki, yasamin
sonraki donemlerinde veya o kisiden meydana gelecek sonraki
nesillerde olusan etmenlere stokastik etkiler denilmektedir.
(Yaren et al., 2005). Stokastik etkilerin i¢erinden giiniimiizdeki
en Onemlisi olan kanserdir. Kanser hastalarinin sebeplerinin

radyasyondan dolay1 aldig1 dozdan kaynaklanip
kaynaklanmadigr kesin olarak belirlenemez. Diger bazi
etkenlerden de kaynaklaniyor olabilir. Belirli miktarlarda

radyasyon maruziyetine ugramis kisiler ile ayni 6zellikteki fakat
radyasyona maruz kalmamis kontrol grubu kiyaslanarak alinmig
olan doz miktarina gore, radyasyonun kanser olusumuna etkisi
tahmin edilebilir. Bu gozleme risk faktorii (RF) denir. Bu risk
faktorii ICRP tarafindan belirlenmistir(ICRP, 1990).

Istanbul’un Anadolu yakasinda ¢ok uzun zamandir toprakta
dogal radyoaktivite miktar1 belirlenmemistir. Bu g¢alisma da
Istanbul’un Beykoz ilgesinde dogal radyoaktivite miktarlarinin
belirlenmesi ve yasam boyu kanser riskinin hesaplanmasi
amaglanmistir. Calismada dogal radyoaktivite miktarlarinin
belirlenmesi HPGe (hyper pure germanium) detektorii
kullanilarak yapilmistir. Ayrica ¢alismada sogrulan doz orani,
radyum esdeger miktari, yillik etkin doz esdegeri tespit
edilmistir.

2. Materyal ve Yontem
2.1 Calisma Bolgesi

www.ejosat.com ISSN:2148-2683

Istanbul yaklasik 15.000.000 niifusu ile Tiirkiye’ nin en
kalabalik sehridir. Ayrica Istanbul hem sanayi, hem ekonomik
hem de turizm agisindan Tiirkiye’ nin énemli sehirlerinden bir
tanesidir. Calisma 41°05'16" ile 41°08'29" kuzey paralelleri ve
29°04'10" ile 29°08'16" dogu meridyenleri arasinda; yaklagik
250.000 niifusa sahip Beykoz ilce simirlart igerisinde
gerceklestirilmigtir (Sekil 1). Niifus yogunlugu fazla olmasi
sebebiyle dogal radyasyondan etkilenen kisi sayisi oldukca fazla
oldugu diisiiniilerek ¢aligmada bu ilge segilmistir.

Sekil 1 Calisma Bolgesi ve Ornekleme Noktalar

2.2 Orneklerin Toplanmasi ve Hazirlanmasi

Calismada Beykoz il¢e sinirlarinda 8 ayri noktadan toprak
ornekleri almmustir. Toprak ornekleri 1 m? alan igerisinden 4
farkli noktadan topragin 5 cm derinliginden yaklasik 500 gram
almarak homojen olarak karigtirtlmistir. Hazirlanan toprak
ornekleri 105°C da 48 saat siireyle firinda kurutulmustur.
Tamamen kuruyan toprak Ornekleri 1 mm lik elekle
elenmistir(Akozcan, 2014(a)). Boylelikle toprak oOrnekleri,
taglardan, ¢akil taglarindan ve diger makro kirliliklerden
armdirilmis oldu.

Kurutulmus ve elenerek temizlenmis olan toprak ornekleri
250 ml lik polietilen silindirik kaplara konulmustur. Silindirik
kaplarin agiz kisimlar1 hi¢ hava almayacak bigimde radon
gazmin kagmasini Onleyebilmek icin kapatilmigtir. Kapatilan
toprak ornekleri radon ve bozunum {iirlinlerinin dengeye gelmesi
icin 35 giin bekletilmistir.

2. 3 Radyasyon Olg¢iim Sistemi

Gama aktiviteleri yiiksek saflikta germenyum (HPGe) gama
detektorii (Akdzcan, 2014) kullanilarak o6lgiilmiistiir. Ayrica
yazilim olarak GammaVision-32 kullanilmigtir. Enerji  ve
verimlilik kalibrasyonlart i¢in pik noktalart 80 ile 2500 keV arasi
degisen izotop iriinleri laboratuvarindan temin edilen aktivite
miktarlar1 belli olan, iceriginde 2**Am, 1°Cd, 5’Co, 1?*"Te, 5!Cr,
113G, 8gr, 187Cs, 88Y, 80Co izotoplart olan karma kaynak
kullanilmigtir. Glivenilir sonuglar elde edebilmek i¢in her 6rnek
ve arka plan (backround) 160.000 saniye sayildi. Net aktivite ise
numunenin aktivitesini arka plandan ¢ikararak elde edildi.

226Ra' min aktivite konsantrasyonlar1 2*4Pb (351.9 keV) ve
214Bi (609.3 keV) gamma isinlarindan elde edildi. 2%2Th'nin
aktivite konsantrasyonlarini belirlemek igin 22Ac (911.1 keV) ve
208T| (583.1 keV) gamma isinlart kullanildi. *°K  aktivite
konsantrasyonlari, 1460  keV’deki  pik  kullanilarak
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degerlendirilmistir. Olciilen numunelerde ?Ra, %?Th ve “K
aktivite konsantrasyonu, (1) esitligiyle hesapland1 (Akozcan,
2014).

A (Bakg?) = (CPS)/ (e x Iy xM) 1)
Buradaki,

A: spesifik aktiviteyi temsil etmektedir.,

CPS: net gama sayim oranidir (saniye bagina sayim),

¢ :specific spesifik bir gama 1gininin dedektdr verimidir,
ly :gama 151n1 emisyon olasiligidur,

M, kilogram cinsinden numunenin kiitlesidir.

2.4 Dozimetre degerlendirmesi

Bu calismada dozimetri degerlendirilmesi i¢in, Radyum
esdegeri (Raeg), Sogrulan gama doz hizi (D), yillik etkin doz
degeri, (AEDE), Yasam Boyu Kanser Riski (ELCR) miktarlari
hesaplanmustir.

Radyoaktivite miktarmin belirlenmesindeki temel amag,
canli organizmanin maruz kalacagi radyosyonun belirlenmesidir.
Farkli oranlarda  ?°Ra, 2®2Th and %K iceren toprak
numunelerinin etkin aktivitelerini karsilagtirmak i¢in radium
esdegeri kullanilir [Beretka 1985, Sivakumar 2014]. Radyum
esdegerini hesaplamak i¢in esitlik (2) kullanilir.

Raeq=Cra+1.43CT+0.077Cx (2)

Bu esitlikteki Cra, Cth Ve Ck, sirasiyla 2°Ra, 2Th ve 4K
aktivite konsantrasyonlarinin Bq kg cinsinden degerleridir.

Canli gevresinde bulunan radyoaktif kaynaklardan meydana
gelen gama radyasyonunun canli saghgi iizerinde olusturdugu
etkiyi toprak yiizeyinden 1 m yiikseklikteki sogurulan gama
radyasyon doz hizi (D) ile ifade edilmektedir. Toprak
drneklerinden &lgiilerek hesaplanan ??°Ra, 2%2Th ve 4°K aktivite
konsantrasyonlarini sirasiyla, 0.462, 0.604 ve 0.0417 doniigim
katsayis1 kullanilarak esitlik (3) deki gibi sogrulan gama doz hizi
hesaplanir(UNSCEAR, 2000; Markkanen, 1995).

D(nGyh)= 0.462Cr.+0.604Cr+0.0417Cx 3)

Bu esitlikteki D ( nGyh™) sogurulan gama doz hizi ve Cra,
Crn ve Cg, swastyla 2%Ra, 2%Th ve 4K aktivite
konsantrasyonlarinin Bq kg cinsinden degerleridir.

Acik alandaki bir kisinin farkli radyasyon kaynaklarindan
iretilen radyasyon sebebiyle maruz kaldigi yillik radyasyon
miktar;, yillik etkin doz degeri (AEDE) ile hesaplanir
(UNSCEAR 2000.

Yilik etkili doz esdegerini (AEDE) belirlemek igin,
yetigkinler tarafindan alinan efektif doz doniistirme katsayisi
(0.7 SVGy™ %), sogrulan gama doz mz1 D ( nGyh™?), insanlar 1
yillik zamanlarimin (8760hy?) ortalama % 20 sini dis ortamda
gecirdikleri i¢in ev disi maruziyet katsayr (0.2) ve nano
katsayisin1 mili ye doniistiirmek icin 106 kullanilarak esitlik (4)
elde edilmistir.. (UNSCEAR, 2000).

AEDE(mSvy)=D(nGyh1)*8760hy1*0.2*0.7(SvGy1)*106
(4)

www.ejosat.com ISSN:2148-2683

Yasam boyu kanser riski (ELRC), bir kisinin yasami
boyunca belirli bir radyasyon dozuna maruz kalmasi durumunda
kansere yakalanma olasilig1t olarak tanimlanir. Yasam boyu
kanser riski, yillik etkin doz degeri (AEDE(mSvy™)), ortalama
yasam siiresi (YS=70 y1l) ve risk faktdrii (RF=5.102Sv!) (ICRP,
1990) parametrelerinin ¢arpilmasiyla (esitlik 5 ) elde edilir. Risk
faktor, ICRP tarafindan stokastik etkilerde 6liimciil kanser riski
olarak tanimlanmstir.

ELCR =AEDE*YS*RF (5)

3 Arastirma Bulgulari

Istanbul Anadolu yakasindaki Beykoz sinirlari igerisinde 8
ornekleme noktasinda yapilan bu ¢alismada, en diisiik radyum
konsantrasyonu 27,75 BgKg? ile C2 noktasinda en yiiksek
radyum konsantrasyonu 63,79 BgKg™ ile C7 noktasinda (Sekil
2), en diisiik toryum konsantrasyonu 30,74 BqKg?! ile C4
noktasinda en yiiksek toryum konsantrasyonu 89,75 BgKg™ ile
C7 noktasinda (Sekil 3) ve en diisiik potasyum konsantrasyonu
533,73 BgKg?! ile C2 noktasinda, en yiiksek potasyum
konsantrasyonu 912,12 BqKg™ ile C3 noktasinda bulunmustur
(Sekil 4). Tim ornekleme noktalariin ortalamalarinda ise,
radyum konsantrasyonu 44,87 BgKg?, toryum konsantrasyonu
52,59 BgKg?, potasyum konsantrasyonu 781,78 BqKg™ olarak
hesaplanmistir.  UNSCEAR 2000 raporunda diinya dogal
radyoaktivite ortamalari radyum icin 35 BqKg™, toryum igin 30
BgKg! ve potasyum konsantrasyonu 400 BgKg? olarak
verilmistir. Tiirkiye atom enerjisi tarafindan 2010 yilinda
yaymlanan raporda ise Tirkiye’deki ortalama dogal
radyoaktivite konsantrasyonlar1 radyum igin 34 BqKg™, toryum
icin 35 BgKg™ ve potasyum konsantrasyonu 450 BgKg™? olarak
rapor edilmistir (TAEA, 2010). Bu wveriler gbdz Oniinde
bulunduruldugunda  ise  ¢alisgma  bolgesinin  radyum
konsantrasyonun ortalamasi Diinya ortalamasindan %28 fazla,
Tiirkiye ortalamasindan ise %32 fazla oldugu, toryum
konsantrasyonun ortalamasi Diinya ortalamasindan %75 fazla,
Tiirkiye ortalamasindan ise %50 fazla oldugu ve potasyum
konsantrasyonun ortalamasi Diinya ortalamasindan %95 fazla,
Tiirkiye ortalamasindan ise %73 fazla oldugu hesaplanmstir.
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Sekil 2. Ornekleme Noktalarina Gére ?Ra Konsantrasyonu
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Esdeger radyum aktivitesi, radyum, toryum ve potasyumun
aktiviteleri kullanilarak hesaplanmis olup en kiiciik radyum
esdeger aktivitesi 127,74 BqKg?' degeri ile C4 6rnekleme
noktasinda, en yiiksek ise 257,76 BgKg? ile C7 ornekleme
istasyonunda, ortalama radyum esdegeri ise 180,28 BqKg*
olarak hesaplanmustir (Sekil 5). UNSCEAR 2000 raporuna gore
Diinya radyum esdeger aktivitesi 108 BgKg! TAEK nun
raporuna gore Tiirkiye’ nin radyum esdeger aktivitesi 118 BgKg"
! degerleri ile bu galismanin ortalama degerleri kiyaslandiginda,
bu caligmadaki esdeger radyum aktivitesinin hem Diinya hem de
Tiirkiye ortalamasindan daha ytiksek oldugu gortilmiistiir.
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Sekil 5. Ornekleme Noktalarina Gére Esdeger Radyum (Raeq)
Konsantrasyonu
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Olgiilen radyum, toryum ve potasyum
konsantrasyonlarindan hesaplanan sogurulan gama radyasyon
doz hizi ise, en kiiciik degerinin 64,79 nGyh'l degeri ile C2
ornekleme noktasinda, en yiiksek ise 119,22 nGyhdegeri ile C7
ornekleme istasyonunda, ortalama ise 85,10 nGyh? olarak
hesaplanmistir (Sekil 6). UNSCEAR 2000 raporuna gore Diinya
sogurulan gama radyasyon doz hiz1 51 nGyh degeri TAEK nun
raporuna gore Tiirkiye’ nin sogurulan gama radyasyon doz hizi
56 nGyh?! degerleri ile bu c¢alismanmn ortalama degerleri
kiyaslandiginda, bu ¢alismadaki sogurulan gama radyasyon doz
hizi hem Diinya hem de Tiirkiye ortalamasindan daha yiiksek
oldugu goriilmiistiir.
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Sekil 6. Ornekleme Noktalarina Gére Sogurulan Gama
Radyasyon Doz Hizi (D)

Yillik etkin doz degeri (AEDE) en kiiciik degerinin 0,074
mSvy ! degeri ile C4 6rnekleme noktasinda, en yiiksek ise 0,146
mSvyidegeri ile C7 drnekleme istasyonunda, ortalama ise 0,104
mSvy?! olarak hesaplanmustir (Sekil 7). UNSCEAR 2000
raporuna gore Diinya’ da ortalam yillik etkin doz degeri 0,063
mSvy* degeri TAEK nun raporuna gore Tiirkiye’ nin yillik etkin
doz degeri 0,068 mSvy? degerleri ile bu ¢alismanmn ortalama
degerleri kiyaslandiginda, bu ¢alismadaki sogurulan yillik etkin
doz degeri hem Diinya hem de Tiirkiye ortalamasindan daha
yiiksek oldugu goriilmistiir.
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Sekil 7. Ornekleme Noktalarina Gére Yillik Etkin Doz Degeri
(AEDE)

Yasam boyu kanser riski (ELRC), en diisiik C4 6rnekleme
noktasinda (0,000260), en yiiksek ise C7 drnekleme noktasinda
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(0,000512) hesaplanmis olup, tim o&rnekleme noktalarinin
ortalamasi ise 0,000365 dir (Sekil 8). Bu caligmadaki ortalama
degerler Diinya (0,000219) ve Tiirkiye’deki (0,000239) ortalama
degerlerlerle kiyaslandiginda bu calismadaki degerlerin daha
yiiksek oldugu  goriilmektedir. Ornekleme noktalarinin
tamaminda, Diinya ve Tiirkiye ortalamasindan daha fazla yasam
boyu kanser riski daha yiiksek oldugu bulunmustur.

Sekil 8. Ornekleme Noktalarina Gore Yasam Boyu Kanser Riski
(ELRC)

Tirkiye’de ve Diinya’da yapilmis olan dogal radyoaktivite
sonuglar1 tablo 1 de gosterilmigtir. Rize, Adana, Kirklareli,
Yalova, Yunanistan, Bulgaristan, Misir ve Hindistan’ da yapilmis
olan 8 caligmayla bu c¢alismanin sonuglar1 kiyaslandiginda, bu
calismanin radyum konsantrasyonu 5 calismadan daha fazla

500 - oldugu, fakat Rize, Bulgaristan ve Hindistan’ dan daha diigiik
’ oldugu goriilmektedir. Bu c¢aligmadaki, toryum konsantrasyonu
ise sadece Hindistan’da yapilmis olan ¢alismadan daha diisiik
4,00 - olup digerlerinden daha yiiksektir. Potasyum konsantrasyonu ise
Misir’ da yapilmis olan c¢aligmadan daha diisiik iken
%; 3,00 - digerlerinden daha yiiksektir. Esdeger radyum aktivitesi,
= sogurulan gama radyasyon doz hizi, yillik etkin doz degeri,
& yasam boyu kanser riski degerleri sadece Hindistan’da yapilan
o 2:00 1 calismadan daha diisiik iken diger ¢aligmalarin tamamindan daha
yiiksek oldugu bulunmustur.
1,00 -
0,00 -
Cl C2 C3 C4 C5 C6 C7 (C8 Ort
Ornekleme Noktalari
Tablol. Farkli Calismalarda Ulusal ve Uluslar Arasi Aktivite Miktarlar
26Ra 2Th K Ragq D AEDE ELCR
10
Bolee  (BaKg)  (BqKg)  (BaKg)  (BaKg)  (nGyhd)  (msw) ) Referans
Rize 85.00 27.00 431.00 156.80 73.55 0.090 3.16 Dizman vd. (2016)
Adana 17.00 21.00 297.00 69.90 32.92 0.040 1.41 Degerlier vd. (2008)
Kirklareli 28.00 40.00 667.00 136.56 64.91 0.080 2.79 Taskin vd. (2009)
Yalova 22.00 26.00 419.00 91.44 43.34 0.053 1.86 Kapdan vd (2011)
Yunanistan 25.00 21.00 360.00 82.75 39.25 0.048 1.68 UNSCEAR 2000
Bulgaristan 45.00 30.00 400.00 118.70 55.59 0.068 2.39 UNSCEAR 2000
Misir 14.00 12.00 1233.00 126.10 65.13 0.080 2.80 Ahmed and EIl-Arabi
(2005)
Hindistan 64.00 93.00 124.00 206.54 90.91 0.111 3.90 Singh vd (2005)
Tiirkiye(ort) 34.00 35.00 450.00 118.70 55.61 0.068 2.39 TAEA 2010
Diinya(ort) 35.00 30.00 400.00 108.70 50.97 0.063 2.19 UNSCEAR 2000
Bu caligma 44.87 52.59 781.78 180.28 85.10 0.104 3.65
etkin doz degeri, yasam boyu kanser riski parametrelerinin
tamam: hem Diinya ortalamasindan hem de Tiirkiye’
4, SOIIllQ ortalamasindan daha yiiksek seviyede oldugu bulunmustur.
Bu calisma Istanbul’ un Beykoz ilgesinde 8 ornekleme H(isaplalnaln kbu 1p a;a}n e(tireller,b.Durliyal da dyagﬂﬁn ..dklgeli
noktast belirlenerek karasal dogal radyoaktivite Q?d] s{nabar]a 1yai andiginda 1s¢ birgok galiymadan daha yukse
konsantrasyonlar1 belirlenmistir. Dogal radyoaktivite oldugu bulunmustur.
konsantrasyonlart  kullanilarak esdeger radyum aktivitesi, Bolgedeki dogal radyoaktivite miktar1 Diinya ve Tiirkiye

sogurulan gama radyasyon doz hizi, yillik etkin doz degeri,
yasam boyu kanser riski hesaplanmistir. Yapilan o6l¢timlerin
sonucunda hesaplanan radyum, toryum, potasyum, esdeger
radyum aktivitesi, sogurulan gama radyasyon doz hizi, yillik
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ortalamasindan daha yiliksek ¢iktig1 i¢in yasam boyu kanser
riski(3,65*10%) de, Diinya(2,39*10%) ve Tiirkiye(2,19*10%)
ortalamasindan daha yiiksek ¢ikmustir.
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Abstract

Divorce between spouses usually results in a way that one party wins and the individual who desires to get a divorce becomes the
winner. However, children lose under any circumstances because they love both sides and they do not want to get separated from their
parents. If parents are divorced, it is generally expected from children to adapt to this process. Even in most cases, parents are not even
aware of the effects of a divorce on children. In fact, parents' divorce has long-term effects on children. Children and adolescents who
have successfully get over the divorce of their parents during childhood and adolescence may have problems because they have
witnessed their parents' divorce and do not believe in love in the future when they form their own family. The purpose of this study is
to examine future family planning considerations of young and college-age adults and young and college-age adults who are growing
up in divorced families. The main question of the study is to examine and compare the effects of parental divorce on children with the
control group (teenagers who are full-grown) together with their influence on their future family-building thoughts. It was found that
young and college-age adults who are raised in divorced families display more rejecting attitudes in the future than their young college

adults in their own marriage mentality.

Keywords: Divorce, young adult, thinking, family, awareness.

1. Introduction

In the historical process, it is seen that the family structure has
also been changing over time. Dreikurs (1968) thought that the
main reason for spouses to have a decision about getting a divorce
is related to women's attainment of status change and economic
independence in society. In the past, divorce was seen as the end
of the family structure, but nowadays it is seen as a fresh start.
Fithenakis, Niesel & Kunze (1982) mentioned four main
processes in defining the divorce process of spouses; these are
described as complex, social, legal, psychological processes. At
the same time, they attracted attention to the processes in which
their parents are divorced, as four fundamental stages. The first
stage is the child's dependent psychological state; the second stage
is the family situation, the third stage is the social status, and the
fourth stage is the cultural situation. Wallerstein & Blakeslee
(1989) after being married for 25-years and their longitudinal
studies on their children, described the divorce process of spouses
in three phases. They marked these three phases as inter-related.
In the first phase, the emergency phase, problems begin, one of
the spouses withdraws, the anger crisis occurs, and they become
sexually distanced. As Wallerstein & Blakeslee (1989), (2002)
described in this phase that most of the partners experiencing this
process indicate that they are also suffering from physical abuse
or exposure and, unfortunately, this exposure occurs in front of

their children. And again at this time, one of the spouses leaves
the house. In the emergency phase, the post-separation period can
last for a couple of months, as well as two years. In the second
phase, the transition phase, family members are faced with new
roles. In this phase, new relations should be created; new
environment, friends, school, as well as the separated individuals
and parents in business life, it is obvious that this new beginning
is very difficult, especially for children. Individuals and children
live in the complexity of these new roles. This phase is also
defined as the one requiring great effort from both parents and
children. The third phase is defined as the strengthening and
stabilizing phase, forming a new family after divorce, or a new
life era. It is also explained as divorce process fatigue, formation
of new life and passage (Wallerstein & Blakeslee, p.32). Friedrich
(2004) noted that children perceive parental divorce more
differently than their parents. It is a grief and a painful process for
children as it may be a new life for parents (Friedrich, 2004, p.
188) Many experts (Klosinski, 2004; Schmidt, Denter &
Beelmann, 1995; Kardas & Langenmayr, 1996; Weiss, 1980;
Langenmayr, 1987; Smith, 1998) pointed out that the effect of
parental divorce on children is related to their parents' attitude
during the divorce and post-divorce phase. They point out the
importance of the support that parents will give their children in
this process. They emphasize that the relationship with their
children is linked to the degree of divorce's impact on their
children (Klosinski, 2004: p. 17; Schmidt, Denter & Beelmann,
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1995: p. 352; Kardas & Langenmayr, 1996: p. 147; Weiss, 1980:
p. 330; Langenmayr, 1987: p. 253; Smith, 1998: p. 157).

2. Long Term Effects of Divorce and Its
Effects on Young Adults Coming from a
Divorced Family

Several studies have shown that divorce has long-term effects
on children (cf. Wallerstein & Blakeslee 1989: p. 87f. - 348;
Wallerstein, Levis & Blakeslee, 2002: p. 60; Napp-Peters, 1988;
Napp-Peters, 1995: p. 144f.; Hetherington & Kelly, 2003: p.
323f.). The authors here also pointed out the differences between
the sexes. The cross-sectional studies of Wallerstein & Blakeslee
(1989), Napp-Peters (1988) and Napp-Peters (1995) presented
that divorce-related problems occur earlier among male children.
Negative effects among girls are less evident while they are
growing up. In contrast to the boys experience greater problems
in their personal and marital relationships like adults (cf. Napp-
Peters 1995: p. 144; Wallerstein & Blakeslee 1989: p. 94f). As a
result of this, a disproportional number of women whose parents
divorced while they were young reject marriage and motherhood
(cf. Wallerstein, Levis & Blakeslee 2002: p. 296). In their long-
term study, Hetherington and Kelly (2003) confirmed that young
people from families with divorced parents find it harder to form
personal bonds and tend not to see a solution to their relationship
problems in divorce (cf. Hetherinton & Kelly 2003, p. 323).

These grown-up children have difficulties in matters of trust
and security, two terms which emerged as central issues (cf.
Hetherinton & Kelly 2003, p. 323). It was also demonstrated that
children of divorced parents are insecure in their relationships and
are afraid of forming long-term bonds (cf. Hetherinton & Kelly
2003, p. 323).

Children take their parents' positive or negative
characteristics as they are. This identity formation can also be
achieved without being aware of it. In addition to internalizing
their behaviors, children record marital relationships of their
parents (Wallerstein & Blakeslee, 1989: p.135). These children
record their parents' marital relationships many times in an
informal way for their future lives. This leads to their inability to
function in the family-building process. Parents, especially after
the divorce and divorce process, behave in a way that affects their
children's future perspective about establishing a family. If the
divorce process is concluded in a concerted way, the child is more
positive than the process of separation and divorce by the idea of
future family formation and a processions process (Wallerstein &
Blakeslee, 1989: p.135). In another study, the parent's stance after
divorce seems to indicate short or long-term effects on the child.
Parents in divorce who are working together after childbirth for
solving problems lessens the long term effects over the child
(Furstenberg & Cherlin, 1993). Young adults from divorced
families reflect the identity they have received from their parents
in their future marriage communications. Young adult girls,
especially from divorced families, display this more often;
because they identify themselves with their mother (Wallerstein /
Blakeslee, 1989: p.135). Young adults grown up in divorced
families miss their own childhood life when they are busy with
their parents' problems during divorce. They forget that they are
children while they are trying to make their parents happy. They
express their sadness in their adulthood (Wallerstein & Blakeslee,
1989: p. 304). In the study of Amato & Deboer, 2001, it was
concluded that when divorced family children have their own
families in the future, they will have the concern about not having
a long-term relationship. The reasons are that they do not have
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long-term beliefs about marriage. They are not sure of their own
marriage because they have witnessed the end of their parents'
marriage (Amato & Deboer, 2001). In the study by Wallerstein &
Blakeslee (1989), it was observed that these young people have
problems in their marriage. These young people also appeared to
think that they do have the ability to live together for a long time.
They are afraid of being in a commitment for a long time. They
expressed their fear of loving (Wallerstein & Blakeslee, 1989: p.
84). After a meta-analysis, it was found that the negative effects
of the divorce on the children is related to negative mental state
of the parents, low socioeconomic level, limited family
communication and mental health status (Amato & Keith, 1991B:
p.54).

Another long-term study shows that if children grown up in
divorced families is educated only by mother for many years, they
will be suffering from sexual identity problems in older ages.
Girls who engage in a similar process exhibit excessive feminine
or seductive behavior at an older age, or vice versa can express
excessive masculine behavior. It has been found that these girls
either extrude their genders or show the opposite of this situation
by being overly euphoric to men (Figdor, 1997: p. 81). The same
study shows that these young people also have problems when
choosing a spouse or family. Young people are either over-
dependent on their spouses or vice versa. They refuse family and
spouse relationships and escape. In the process of living with their
spouses, it was observed that they generally displayed very
dominant masculine behavior. The same radical communication
of relations are seen in male adults as well. In the same way, they
are either overly feminine or vice versa overly masculine
dominant behavior (Figdor, 1997: p. 81). In the study conducted
by Tas & Balay (2017), it was determined that students who
grown up in their family without experiencing a divorce are
stronger than the ones who grown up in a divorced family in terms
of planning a marriage in the future. When the average monthly
income change of undivorced families of university students is
examined, the average monthly income of the family is calculated
as 1500 TL or below, then 1501 - 3000 TL, and finally the average
monthly income of the family is between 3001-4500 TL. These
university students who were educated in the intact family had a
positive increase in family-building thoughts; but when the
average monthly income of the family was 4501 and higher, it was
seen that the university students who were educated in the intact
family had a negative decrease in family-building thoughts (Tas
& Balay, 2017). It has been found that the college students raised
in divorced families differ in their statistically meaningful way of
thinking about family formation according to sibling numbers. It
was seen that university students with two siblings who were
raised in divorced families had an average score of family
formation points (M =48.33, SD =7.19) and college students with
four brothers and sisters are in between (M = 56.40, SD = 7.67).
When these results are evaluated, it can be said that the ideas of
family formation of university students who are raised in divorced
families and whose number of siblings is four and above is higher
than the university students with divorced parents and two
siblings. This can be a sign that the tendency to build a family has
improved positively as the number of siblings increases (Tas &
Balay, 2017). The result of the idea of marrying a young person
coming from a divorced family is as follows. It can be argued that
male university students who grow up in an intact family have a
lower score in terms of marriage-mindedness than a male college-
educated student who comes from a divorced family.

3. Material and Method
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Design of the Study

It was decided to choose a quantitative research method
according to the plan of the pilot study. The empirical study was
carried out in the form of a written questionnaire which consisted
of open and closed questions and was developed by the researcher.
The majority of the test participants were German students. 84%
of the adults from divorce-families were German students. The
control group also contained a high percentage (82 %) of German
students. The remaining questionnaires were filled in by students
of various nationalities from the University of Duisburg Essen.
The questionnaires were distributed in seminars, lectures and
university cafes and later collected back. Some subjects took them
home and returned them at the next opportunity.

Total Number of Participants

200 students from the University of Duisburg Essen took part
in this pilot study. The test subjects were selected and questioned
according to the guidelines of the experiment design. The sample
consisted of N = 100 students from a background of divorce
(experimental group) and N = 100 students who grew up in stable
families (control group).

Period of the Study

The test with the experimental group took place from 2008
till the beginning of 2010. The majority of the questionnaires were
distributed and collected back in in 2009. The test with the control
group was conducted in 2009 and 2010; the majority of their
papers were processed in 2010.

Data Management

As a first step, when the papers had been collected in they
underwent a descriptive analysis. After this, according to the level
of the variables, contingency tables, variance analyses and
correlations, or T-tests, were drawn up and carried out.

Hypothesis
Thoughts of Marriage

1- Young adults who grow up in divorced families
show a rejective attitude towards young adults who
grow up in intact marriage.

2- Female young adults who grow up in divorced
families are more likely to show rejective attitude
compared to male young adults who grow up in
divorced families.

3- Female young adults who grow up in intact family
are more likely to refuse marriage mentality than
male young adults who grow up in intact family.

Self-Divorce Thoughts

1- Young adults who grow up in divorced families tend
to divorce more quickly compared to young adults
who come from intact families if their families have
problems with their relationships in the future even
if they have kids.

2- Female young adults who grow up in divorced
families tend to divorce more quickly compared to
male young adults who come from intact families if
their families have problems with their relationships
in the future even if they have kids.

3- Female young adults who grow up in intact families
tend to divorce more quickly compared to young
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male adults who come from intact families if their
families have problems with their relationships in
the future even if they have kids.

Thoughts about Searching Endless Love

1- Young adults who grow up in divorced families are
looking for more endless love not to repeat their
parents' mistakes compared to young adults who
grow up in intact families.

2- Female young adults who grow up in divorced
families are looking for more endless love not to
repeat their parents' mistakes compared to male
young adults who grow up in intact families.

3- Female young adults who grow up in intact families
are looking for more endless love not to repeat their
parents' mistakes compared to male young adults
who grow up in intact families.

Thoughts about Getting Custody of Their Children in
Their Future Divorce

1- When considering future divorce situations young
adults who grow up in divorced families are more
willing to receive custody of their children than
young adults who grow up in intact families.

2- When considering future divorce situations female
young adults who grow up in divorced families are
more willing to receive custody of their children
than male young adults who grow up in intact
families.

3- When considering future divorce situations female
young adults who grow up in intact families are
more willing to receive custody of their children
than male young adults who grow up in intact
families.

Findings

Table 1. Thoughts of Marriage (Young People from Divorced
and Intact Families)

Exp. Control

Strong / Too Strong 54 % 69 %

Too Strong 28 % 43 %

Strong 26 % 26 %
Partially Strong / Halfway | 28 % 19 %
Strong / Much Less Strong

Partially Strong 7% 9%

Halfway Strong 12% | 5%

Much Less Strong 9% 5%
Less / None 12 % 8%
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Less 6 % 5%

None 6 % 3%

When Table 1 is examined, it is seen that 28.0% of the young
people who get divorced feel very strong, 26.0% strong, 7.0%
partially strong, and 12.0% halfway strong about thinking about
marriage in the future. Much Less strong rate is found as 9.0%,
while 6.0% are less and 6.0% are not interested at all.

In the control group, 43.0% of the participants think too
strong about marriage, 26.0% strong, 9.0% partially strong, 5.0%
much less strong, 5.0% less and 3.0% of them say they do not
think about getting married at all.

In the control group, 43.0% of the participants think about
marriage more than twice the research group (young people from
divorced families). 28.0% of young people from divorced families
consider marriage in the future. This shows that young people
from divorced families look more suspicious at marriage. The
reason for this may be related to the fact that they experiences
their parents’ divorce.

Table 2. Self-Divorce Thoughts

less and 5.0% none, respectively.
As the hypotheses in this area have been prepared, young adults
coming from divorced families, as emphasized by Hetherington
and Kelly (2003) in their theory, if young adults witness their
parents’ divorce, they will see solution in divorce when they have
problems at their marriage in the future. That is why, in this study,
the hypothesis of "Young people who have grown up in divorced
families prefer to divorce more when they experience problems,
even if they have children" was rejected.

Table 3. Searches of Endless Love

Exp. Contr.

Strong / Too Strong 45 % 55 %

Too Strong 24 % 34 %

Strong 21 % 21 %
Partially Strong / 32 % 25 %
Halfway Strong / Much

Partially Strong 11 % 10 %

Halfway Strong 14 % 12%

Much Less Strong 7% 3%
Less/ None 22% 17 %

Less 8 % 7%

None 14 % 10 %

Exp. Control
Strong / Too Strong 24 % 28 %
Too Strong 11% 11%
Strong 13 % 17 %
Partially Strong / Halfway | 61 % 50 %
Strong / Much Less Strong
Partially Strong 16 % 10 %
Halfway Strong 33% 26 %
Much Less Strong 12 % 14 %
Less / None 9% 18 %
Less 3% 13 %
None 6 % 5%

When results of Table 2 is examined, 11.0% of the study
group is very prone to divorce in the future when they consider
the divorce thoughts, even if they have children in their own
marriage. 13.0% of them have strong, 16.0% partially strong,
33.0% halfway strong, 12.0% much less strong, 3.0% less and
6.0% none, respectively.

In the control group, while 28.0% of them think about divorce
possibility to be too strong, 11.0%, 17.0% strong, 10.0% partially
strong, 26.0% halfway strong, 14.0% much less strong, 13,0%
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When results of Table 3 is examined, 24,0% of the study
group is very prone to search for endless love. 21.0% strong,
11.0% partially strong, 14.0% halfway strong, 7.0% much less
strong, 8.0% less and 14.0% none, respectively.

In the control group, 34.0% of the participants think strongly
about searching for endless love, 21.0% strong, 10.0% partially
strong, 12.0% halfway strong, 3.0% much less strong, 7,0% less
and 10.0% none, respectively.

As hypotheses of young adults from divorced families who
witnessed their parents’ divorce, the search for endless love was
concluded in reverse, because of the anticipation of not making
the same mistake with their parents. More precisely, intact family
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youngsters are more determined in their search for endless love,
which can be interpreted to be the case when young people from
divorced families in their past have actually no plans to search for
eternal love to begin with because they do not believe in love. The
intact family youngsters can be in search of endless love, because
they also believe in it.

Table 4. Thoughts About Getting Custody of Their Children in
Their Future Divorce

Exp. Contr.
Strong / Too Strong| 64 % 69 %
Too Strong 43 % 57 %
Strong 21 % 12 %
Partially Strong / 29 % 23 %
Halfway Strong /
Partially 7% 6 %
Strong
Halfway Strong 19 % 16 %
Much Less 3% 1%
Strong
Less / None 1% 4 %
Less 1% 1%
None 0% 3%

When results of Table 4 is examined, 43,0% of the study
group thinks very strong about getting custody of their children in
their future divorce. 21.0% feels strong, 7.0% partially strong,
19.0% halfway strong, 3.0% much less strong, 1.0% less and
14.0% none, respectively. In the control group, 57.0% of the
participants think too strongly about getting custody of their
children in their future divorce, 12.0% strong, 6.0% partially
strong, 16.0% halfway strong, 1.0% much less strong, 1,0% less
and 3.0% none, respectively.
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Table 5. Results of Hypotheses Analysis with the Control Group

Hypothesis Sig. eta r | Mittelwerts

Niveau - differenz
(t-test)

Marriage

H1 * 0.173

H2 - 0.126

H3 - 0.193

Self Divorce

Thoughts

H4 - 0.056

H5 wx 0.275

H6 * 0.232

Searches of

Endless Love

H7 - 0.119

H8 - 0.034

H9 ** 0.269

Thoughts about

getting custody

of their children

H10 - 0.045

H1l * 0.209

H12 Fxk 0.471

*p<0.05; ** p<0.01; ***p <0.001
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In the study it is concluded that university students from
divorced families seem to have a more rejecting attitude compared
to the ones coming from intact families. Female young adults who
have grown up in divorced families are more likely to reject
marriage in their future compared to male adults from divorced
families. There is no significant difference in the hypothesis when
gender differences are examined. There is no statistically
significant difference examined in the hypothesis that female
young adults who grow up in intact families are more likely to
refuse marriage compared to male young adults who grow up in
full family. The hypothesis that young adults who grow up in
divorced families prefer to divorce, even if they have children in
their families, and children when they have problems, have not
been found statistically significant. Significant difference was
found in the field by gender variable. A high level significant
difference was found among females grown up in divorced
families and men grown up in divorced families. In this part of the
findings, the females who grow up in the divorced family
compared to the males from divorced families, show that there is
a significant difference at a high level for when family partners
have problems in the future and even if they have children, they
prefer to divorce. At the same time, female young adults who
grow up in intact family also have a statistically significant
difference than male young adults who grow up in intact family,
if they have problems in the future, prefer to divorce even if they
have children. In general, it is shown that in the case of partnering,
women prefer to divorce in the future even if they have children.
For the hypothesis about the search for endless love, no difference
has been found in the hypothesis that young adults who are raised
in divorced families are looking for more endless love compared
to young adults from intact families. At the same time, no
statistically significant difference was found between gender
variables. In the same way, no statistically significant difference
was found in the gender variable in the male adults coming from
intact family. No statistically significant difference was found in
the adult group coming from intact family for gender variability
field. In the future, in the case of their own divorce, no statistically
significant difference was found between the young adults
coming from the divorced family and the young adults growing
up in the intact family. Differences were found in the gender
variability field. Female young adults who have grown up in
divorced families are found to be more willing in the future,
compared to male adults who have grown up in divorced families
if they have children of their own. At the same time, for the
females in the intact family group, statistically meaningful
differences have been reached. In general, this field shows that if
the females have children in the future and if divorce occurs, they
want to claim custody of their children.

4- Discussions of Results

When young adults who have grown up in divorced and intact
family look at the idea of forming a family, it is found that the
young people from divorced family are more refusing than those
of the group who have grown up in the intact family. This can be
interpreted like that because it may be linked to the fact that hey
witness their parents' divorce. In order not to repeat the same
experience, they may refuse marriage to protect themselves.
Hence, as a result of 25 years of longitudinal study on divorced
families Wallerstein & Blakeslee (1989) found that young adults
who came from divorced families had problems when their time
comes to form their own family. These young people were seen to
have problems about connecting with their partners / spouses.
They stated that they felt themselves inadequate in relationships.
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At the same time, in their studies it was found that they were afraid
of long-term attachments. For this reason they indicated that they
force themselves in relationships (Wallerstein / Blakeslee, 1989:
p. 87). In this study too, it showed that the young college students
coming from the divorced family are more refusing against
marriage compared to the ones coming from intact families. As a
result of this work, it may be interpreted as these young people
are trying to avoid long-term attachments. As a matter of fact,
marriage is also seen and defined a long-term attachment. This
area of the study can be interpreted as the long-term study by
Wallerstein & Blakeslee (1989) which supports the part where
adults who came from divorced families feel insufficient in long-
term relationships. Hetherington & Kelly (2003) obtained similar
interesting results. It was determined that the young people who
came from divorced family in their studies had problems with
their partners, spouses and that they solved the problem by ending
relationship or divorce instead of solving the actual problem. On
the part of their stance against divorce, 70% of the ones who come
from divorced families believe that when problems are
experienced in their relationships their problem is resolved by
divorce. Only 40% of the adults who do not come from the
divorced families have this idea. In their long-term study, these
people was also been found to have problems of trusting and
believing in their relationships (Hetherington & Kelly, 2003, p.
323). As a result of this study, there was no significant difference
between the two groups for the hypothesis of the young adults
who were born in divorced and intact families, in the future when
they have formed a family, have thoughts of divorce when they
have problems. The interesting results of this study in this area
appeared in the section on gender variables; young female adults
grown up in divorced families were found to be more willing to
divorce compared to male adults who have grown up in divorced
families, even if they have children of their own. At the same time,
a significant difference was noticed statistically, even among the
females in this control group that grown up in the intact family.
This shows that, in general for this area, females want to get
custody of their children if they have children and divorce occurs
in the future. Of course, when these results are evaluated, it is seen
that as the female whom the question was asked is a future college
graduate and because of that she has more self confidence in
herself, she considers that she can stand on her own when she has
problems from her family, so they can take the chance for divorce
even if they have children. If the same questions were asked to the
females who have a lower education level, there could be other
consequences. Interesting results have been obtained in the taking
children's custody in their own divorce. Here, it is also found that
the hypothesis of young adults who grow up in the divorced
family are more prone to take custody of their children in a future
divorce than the ones who grow up in intact families does not
show significant meaningful difference, while it was determined
that the genders section shows statistical significant difference.
Here, young female adults who have grown up in divorced
families and young male adults who have grown up in divorced
families was found to be more willing to take more custody of
their children in their future thoughts of divorce. The same is true
of young females and males who have been grown up intact
families. In fact, there was a significant, meaningful difference for
the females there. So, in general females’ divorce situations show
that they are willing to take custody of their children. This can be
explained by their self confidence that these women are future
university graduates. Even in the case of divorce, they can be
interpreted in this area as since they are self-sufficient as a result
of not having economic dependencies and can take care of their
children because they can stand on their own feet. However, the
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same hypotheses are known to produce different results with
females who have lower levels of education. When the overall
evaluation of the work is done, even though some hypotheses do
not show significant differences, in general evaluation it seems
that parental divorce has negative effects over children about
thoughts of building their own families.

5- Suggestions

Even though some of the hypotheses are rejected, looking at
the overall outcome of the study, parental divorce has negative
impacts on young adults over the part of the thoughts of forming
a family. It is advisable to do the same study with individuals with
a low level of education. Thus, if the same study is made with
individuals with a low level of education, a different outcome may
occur.
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Oz
Bu calismada bir endiistriyel kiirk—siiet {iretim fabrikasinin enerji tasarruf calismalarina katki saglamak ayrica enerji yonetimi
organizasyonu tarafindan 6n enerji tasarrufu etiidii hazirlanabilmesi i¢in, 2016 y1l1 tiretim ve enerji tiiketim verilerini kullanarak enerji
taramast gergeklestirilmistir. Tarama kiirk—siiet fabrikasinin enerji tiiketimi ve {iretim verilerinin toplanmasi, islenmesi ve

degerlendirilmesi agsamalarin1 kapsamaktadir. Bu verilere bagli olarak gelistirilen enerji tiiketim bagntilar1 yardimi ile hedef enerji
tiiketimleri hesaplanarak isletmenin enerji tasarruf potansiyeli arastirtlmistir.

Anahtar Kelimeler: Enerji, enerji yonetimi, spesifik enerji tilketimi, verimlilik.

Investigation of Energy Saving Potential of a Double Face Sheepskins
Production Plant by Specific Energy Consumption Method

Abstract

In this study, an energy scanning was carried out using the 2016 production and energy consumption data so that the energy management
organization could prepare a preliminary energy saving study and in order to contribute to the energy saving efforts of the industrial
double face sheepskins manufacturing plant. Scanning double face sheepskins factory energy consumption and collection, processing
and evaluation of production data. The scanning involved collection, processing and evaluation of the energy production and
consumption data of double face sheepskins factory. The energy saving potential of the factory was investigated by calculating the target
energy consumption with the help of the energy consumption relation developed based on these data.

Keywords: Energy, energy management, specific energy consumption, efficiency.

.. verimliligini artiric1 faaliyetler hem isverenlerin maliyetlerini,
L. Gll’ls hem de enerji ithalatimizi diisiirecektir.

Sanayide yogun olarak kullanilan enerji, fabrikalarin en
onemli harcamalarindan biridir. Bu sebeple enerjinin verimli

kullanilmasi kaginilmazdir. Enerji verimliligi, sadece isletmelerin

Enerji ve Tabii Kaynaklar Bakanligi’nin 1995 yilinda
yaymladigt "Sanayi Kuruluslarinin = Enerji  Tiiketiminde
Verimliligin Arttirilmas1 igin Alacaklari Onlemler" baslikl
yonetmelige gore, enerji tilketimi 2000 TEP'e esit ve biiyiik olan
tim fabrikalarin, enerji tiiketimi verimliliginin arttirilmasi

rekabet giiciinii arttirmakla kalmayip, ayni zamanda iilkemizin
enerji ithalatin1 azaltma yolunda da biiyiik katki saglamaktadir.
Tiirkiye sanayisinde enerji tiiketiminin yaklasik % 40’lik kismu
elektrik, % 26’k kismi ise dogalgaz tiiketimi ile
gerceklesmektedir. Dolayisiyla bu alanda yapilacak enerji

amactyla Enerji Yonetimi Sistemini olusturmalar1 istenmistir
(ETKB,1995). 1997 yilinda Bagbakanlik’in kamu kuruluslari igin
yayinladigr genelgeye gore, tiim kamu kuruluslar tiiketim
asamasinda s6z konusu enerjinin verimli kullanilmasi konusunda

! Sorumlu Yazar: Nanuk Kemal Universitesi, Corlu Meslek Yiiksekokulu, Deri Teknolojisi Programu, Corlu, Tekirdag, Tiirkiye, nurayisik@nku.edu.tr
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sube miidirliikleri olusturmalar1 ve 1995 yilinda yaymlanan
yonetmelige  uygun  faaliyet  siirdiirmeleri  istenmistir
(BPPGM,1997) ve bu siire¢ 2007 yilinda Enerji Verimliligi
Kanunu’nun ¢ikartilmasi ile devam etmistir. Bu kanun ile birlikte,
ilkede enerji verimlilik c¢alismalari ve c¢evre bilincinin
olusturulmasi konularini kapsayan tiim faaliyetler, olusturulan
Enerji ~ Verimlilik  Koordinasyon = Kurulu  biinyesinde
biitiinlestirilmis bir yapiya kavusmustur (Keskin, 2007). Enerji
verimliligi, sanayi kuruluslarinin gevre performans gelismelerini
etkileyen en hizli ve en ekonomik yollardan biridir.

Enerji maliyetinin yiiksek oldugu sanayi kuruluslarinda enerji
girdilerinde siireklilik, kalite ve diisiik maliyet saglamak
kagmilmaz olmustur (Ozdabak A, Ertem M.E.,2002). Bu nedenle
sanayi  kuruluslarinin;  biinyelerinde  enerji  kullanimini
yonlendirecek ve saglanacak enerji tasarruflari sayesinde
isletmelerde verimi ve karlilifi arttiracak enerji yoOnetim
teskilatlarini olusturmalar1 zorunluluk haline gelmistir (S6giit Z.
ve ark., 2011).

2. Yontem
2.1. Sanayide enerji yonetimi sistemi

Sanayide enerji tasarrufunun saglanmasi bilingli bir enerji
yonetimi  programinin  gelistirilmesi ve uygulanmast ile
miimkiindiir. Enerji Yonetimi Sistemi {riin kalitesinden
giivenlikten veya ¢evresel tiim kosullardan fedakarlik etmeksizin
ve iretimi yavaglatmaksizin enerjinin daha verimli kullanimi
dogrultusunda yapilandirilmis ve organize edilmis disiplinli bir
caligmadir (Cakal E., 2006).

Enerji yonetim sisteminin bagarili olmasi i¢in 4 ana etken
vardir:

- Uretenin verimini artirmak (kazan, kompresor, vb.),
- Tiiketicinin kullanimini azaltmak,

- Yiiksek gii¢ tiiketilen noktalar1 siirekli kontrol altinda
tutmak

- Enerjiyi en ekonomik yoldan kullanmaktir.

Belli bir programa bagli olmadan yiiriitiilen ¢alismalarda
basit igletme tedbirleriyle bazi kuruluslarda %10'a varan
oranlarda enerji tasarrufu saglanabilmektedir. Genis kapsamli
enerji yonetimi programlarinin uygulanmasi ile enerji tasarrufu
calismalarina siireklilik kazandirildig1 gibi tasarruf orami da %
25’1 asabilir (Kedici O., 1997).

2.2. Enerji tiikketiminin belirlenmesi

2.2.1. Enerji taramasinin olusturulmasi
Enerji tiiketimi, bircok faktore bagli olarak kisa zaman
araliklarinda (gilinliik veya haftalik) degisebilir. Bu faktorler,

Spesifik Degiskenler ve Kontrol Edilebilir Degiskenler olmak
iizere ikiye ayrilir.
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Spesifik degiskenler; fabrikanin bir boliimiiniin {iretim
miktarina gore enerji ihtiyacin1 Dbelirler. Enerji ihtiyacin
belirlemek i¢in kullanilan standart denklemlerde bu degiskenler
kullanilir.

Kontrol edilebilir degiskenler ise; isletme uygulamalari,
sistem kontrolii, iiretim planlamas1 ve bakim standardi gibi enerji
tilketimini en aza indirebilmek i¢in yonetim tarafindan planlanan
degiskenlerdir.

2.2.2. Enerji tiiketim standardinin belirlenmesi

Veriler toplandiktan sonra her igletmenin, enerji tiikketimi
ile ilgili standart dogrusu belirlenmelidir. Bu standart dogru enerji
gereksiniminin spesifik degiskenlere (liretim, hava kosullar1 vs.)
bagli oldugunu gosteren bir dogru denklemidir. Bu denklem
tipleri 3’e ayrilir (Sogiit Z., Oktay Z., 2016).

ENERIJI = a + bP dogru denkleminde; a ve b sabit degerler
olup, P ise o boliimiin spesifik degiskenidir. Herhangi bir boliime
uygun olabilecek standart denklem tipi, spesifik degiskenlerin
sayisina ve enetji ile bu degigkenlerin arasindaki iligkiye baglidir.
Bu denklem;

a)TIP1;E=a

denklemidir. Yani enerji tiiketimi sabittir ve incelenen bdliim
icin spesifik degiskenler yoktur. Bu durumda o boliimiin enerji
tilketimi tiretimden bagimsiz olarak baglangicta sabittir.

b) TiP 2 ; E=a+bP

Enerji tiiketimi bir tek spesifik degiskene P (iiretim) baglhdir.
Bu dogru denkleminde a sabiti iiretimle ilgili olmayan enerji
miktaridir.

c. TIP 3 ; E=a+ bPl+ cP2 + dP3 +...

Bu denklemde enerji titketimi birden fazla spesifik degiskene
baglhidir. Bu spesifik degiskenler P1, P2, P3 iiretim miktari, hava
kosullar1 vs. gibi ¢esitli degiskenler veya ayni boliimde iiretilen
cesitli tip TUrlinler olabilir, a sabiti yine biitiin spesifik
degiskenlerin sifir oldugu kosullarda olusan, {iretime bagh
olmayan enerji tiiketimidir. b,c,d sabitlerinin degerleri, ilgili
degiskenlerin 6nemine baghdir (Kedici O., 1997).

Bulunan standart denklemden sonra hedefler belirlenir. Her

bir bolim igin standart belirlenirken ayni anda hedefte
belirlenmelidir. Hedef standartla aym1 formda bir denklemdir.
[sletmede ~ hedef  belirlendikten  sonra  performansin

degerlendirilmesi i¢in, beklenen enerji kullanimu ile gergek enerji
tilketim degerlerinin diizenli olarak karsilastirilmasi yapilmalidir.
Bunu yapabilmek igin Spesifik enerji tikketim (SET) degerleri
kullanabilir. Spesifik enerji tiiketimi, birim iirlin basina kullanilan
enerji olarak tanimlanmaktadir (Kedici O., 1997).

3. Uygulama

Bu ¢alisma, 2000 yilinda kurulmus olan yillik 1.200.000 adet
kapasiteli kiirk-siiet iiretiminde Oncii firmalar arasinda hizmet
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veren bir fabrikada gergeklestirilmistir. Proseste tuzlanmig
derilerin temini, budama, yikama, kurutas islemi, ¢aplarina gore
ayristirma, styirma, boyama, ilaglama ve baski gibi islemlerin
yapildigi makineler bulunmaktadir. Isletmede enerjinin ana
kullanim yeri bu boéliimlerdir. Fabrikada enerji kaynagi olarak
elektrik, dogalgaz ve kdomiir kullanilmaktadir. Deri fabrikasinin
2016 yili enerji taramasi yapilmistir. Tiiketimde kullanilan enerji
tiirleri ve maliyetleri Tablo 1°de verilmistir.

Tablo 1. Deri fabrikasi enerji tiiketim ve maliyet degerleri.

. % %
) Biri TL
Miktar " Topla TL JkWh Topla | TL/ TEP
TEP m m
Elektrik | 827870, | kWh | 71,2 19,6 | 22352 0,27 48,9 | 3452,5
5 5,1
Dogalgaz | 495327, | kwh | 42,6 | 11,7 |47056,| 0,095 | 10,3 | 1114
98 2
Kémir 2910400 | kWh | 250,3 | 68,7 | 18626 | 0,064 40,8 756
,1 5,6
Toplam 3042759 | kWh | 364,1 | 100 | 45684 100 5322,5
8,58 6,9

ENERIJi TUKETIM MALIYET BiRiM
TURD MALIYE
T

Tablo 1°de goriildiigii gibi bu fabrikada kullanilan enerjinin
%19,6’sm1 elektrik, %11,7’sini dogalgaz ve %68,7’sini kdmiir
olusturmaktadir. Bu kaynaklarin fabrikaya maliyet yiizdelerinin
%48,9 ile elektrikten, %10,3 ile dogalgazdan, %40,8 ile
komiirden olustugu tespit edilmistir.

Tablo 2. 2016 yili deri fabrikasi aylara gore enerji iiretim ve tiiketim degerleri.

Elektrik Elektrik g
Ny lektrik | o oktrik Maliyeti | D28'8%2 | posaioa; Maliveti | Komiir o
Dogalgaz Tiiketimi () Tuketimi (1) Tiiketimi Komir Maliyeti Toplam Uretim
P KWh W
Komiir (kwh) ( ) (kWh) (TL) Tiiketim (TEP) (Adet)
223525 47056,2 186265,6 363,6
TOPLAM 2016 827870,5 495327,98 2910400,1
162000
18861,5 5047,7 15587,87 31,5
Ocak 69857,4 53132,8 243560,5 8500
18042,7 0 15447,4 26,5
Subat 66824,8 0,00 241365,7 6200
19323,7 15522,14 27
Mart 71569,4 9323, 0,00 0 242533,4 2522, 0 12000
. 18861,3 5323,5 17180,95 33,9
Nisan 69856,7 56036,7 268452,4 11000
18429,3 5405,1 14315,99 29,9
Mayis | 68256,7 56895,4 223687,4 14800
1821 22 134 2
Haziran | 67457,4 8213,5 55036,4 >228,5 209514,5 3408,93 85 14000
2016
17949,1 4975,1 15615,19 31,2
Temmuz | 66478,1 52369,4 243987,3 21000
18895,8 5458,38 18600,45 35,9
Agustos | 69984,4 57456,4 290632 17500
. 18954,1 5245,4 13481,73 28,9
Eylal 70200,4 55214,3 210652 19000
. 19399,5 0 15468,68 26,9
Ekim 71850 0,00 241698,1 18000
19591,2 5204,8 15204,44 31,3
Kasim 72560 54786,4 237569,4 11000
17003,3 5168,1 16431,83 32,1
Arahk 62975,2 54400,18 256747,4 9000
> 1 & 10 3 . JU—— .. Toplam Enerji Tiketimi
Tablo 2°de fabrikanin 2016 yil1 aylara gore enerji {iretim ve Spesifik Enerji Tiiketimi = P J17u (1)

tiiketim degerleri verilmistir.

Isletmenin  enerji performansini
degerlendirmek icin Spesifik Enerji Tiiketimi (SET) yonteminden

verimliligini  ve

faydalanilmistir. Spesifik enerji tiiketimi (SET) en basit ifadeyle,
birim {irlin bagina kullanilan enerjidir.

www.ejosat.com ISSN:2148-2683

Toplam Uretim

Bir fabrikada spesifik degisken, yani iiretim, ton/kg/m2/adet
vs. ile ifade edilir. Asagida enerji tiikketim-iiretim iliskileri ve SET
degerleri verilmistir. Bu degerlerin aylik bazda incelenmesi analiz
acisindan daha uygundur. Aylik iiretim ve tiiketim miktarlarinda
degisken degerler goriilmektedir.
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Tablo 3. 2016 yili SET degerleri.

ENERJI Toplam Enerii Tiiketimi (TEP) Uretim (Adet) SET (TEP/Adet)

TOPLAM 2016 363,6 162000 0,002
Ocak 31,5 8500 0,004

Subat 26,5 6200 0,004

Mart 27,0 12000 0,002

Nisan 33,9 11000 0,003

Mayis 29,9 14800 0,002

Haziran 28,5 14000 0,002

2016

Temmuz 31,2 21000 0,001

Agustos 35,9 17500 0,002

Eyliil 28,9 19000 0,002

Ekim 26,9 18000 0,001

Kasim 31,3 11000 0,003

Aralik 32,1 9000 0,004

4. Bulgular ve Tartisma

Fabrikanin 2016 yili iiretim ve tiiketim degerlerinden
yararlanilarak enerji tliketimi ile {iretim arasinda grafik
olusturulmug ve standart denklem aranmustir. Olusan dogru
grafiginin enerji  kullanimindaki
verimliligin iyilestigini gostermektedir. Burada hedef, birim iiriin
basma diisen enerji tilketimini (SET) azaltarak dogrusal SET

altinda kalan noktalar

degerleri dogrusunu asagi g¢ekebilmektir. Bunun igin olusan
standart dogru grafigi altinda kalan noktalara yeniden yapilan
hedef degerlendirmesinde olusan benzer dogru denklemi hedef

gore fabrikanin gergek calisma kosullarma gore R degeri 0,08,
hedef R degeri ise 0,5 degeri ile enerji tiiketimi ile tretim
arasindaki iliskinin diizeldigini gostermektedir.

Hedef enerji tiiketim degerleri, bulunan hedef denklemine
bagli olarak hesaplanan standart {iriin degerleri i¢in hedef enerji
titketimleridir (Cakal E., 2006). Standart, hedef enerji tiiketimleri
ve SET degerleri karsilastirilarak isletmenin enerji tasarruf
potansiyeli cikarilmigtir. Hesaplanan bu degerler Tablo 4’te

verilmigtir.

Tablo 4. Uretim, enerji tiiketim ve SET degerleri.

SET degerl denklemlnl verir. Uretim Standart Enerji Standart SET | Hedeflen Enerji | Hedef SET :fde_f_
Aylar | Degerleri | Tiketim Degeri Degeri Tiketim Degeri | Degeri | - e”'f
(Adet) (TEPIAY) (TEP/Adet) (TEPIAY) | (TEPIAGet) | /2T
(TEP/AY)
Ocak 8500 315 0,004 26,786 0,003 4,714
40 - - X+ 2 2. Subat 6200 26,5 0,004 26,556 0,004 -0,056
y ’0,%020:0% 006??i6 9 Mart 12000 27 0,002 27,136 0,002 -0,136
E @ z ’ Nisn | 11000 33,9 0,003 27,036 0,002 6,864
E 30 - - 3 Mayis 14800 29,9 0,002 27,416 0,002 2,484
= Haziran | 14000 285 0,002 27,336 0,002 1164
:E E.:ZO . y - 0’0001)( + 25,936 & Standart Temmuz 21000 31,2 0,001 28,036 0,001 3,164
g - R2=02418 x hedef Agustos 17500 35,9 0,002 27,686 0,002 8,214
= . Eylil 19000 28,9 0,002 217,836 0,001 1,064
g 10 A Dogrusal (Standar -
< N Ekim 18000 26,9 0,001 217,736 0,002 -0,836
E Dogrusal (hedef) Kasm | 11000 313 0,003 27,036 0,002 4,264
0 T T T T 1 Aralik 9000 321 0,004 26,836 0,003 5,264
0 5000 10000 15000 20000 25000 Toplam 162000 363,6 0,002 327,432 0,002 36,168
Uretim (Adet / Ay)
Sekil 1. Fabrikanin toplam enerji tiiketimi ve tiretimi.
Sekil 1’de goriildigl gibi standart grafige gore R2 degeri
0,00631 ve standart denklem bagintis1 y = 5.10-5 (x) + 29,62948
olarak bulunmustur. Sekil 1’de olusan standart denklem dogru
grafiginin altinda kalan noktalara yeniden yapilan hedef
degerlendirmesinde R2 degeri 0,2418 ve hedef denklemi y=1.10-
4 (x) + 25,936 olarak bulunmustur. Uretim-toplam enerji tiikketimi
grafiginde bulunan R2 degerinin karekokii 1 degerine ne kadar
yakinsa, tiretim tiiketim iliskisi o denli dogrusal olmaktadir. Buna
www.ejosat.com ISSN:2148-2683 25
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0,005 - 0,005
0.004 o - o Standart SET L 0004
0,004 o Hedef SET - 0,004

0 0,003 e - 0,003

wn

& 0,003 o, - 0,003 5

S 0,002 s as oo - 0,002 & o

c 0,002 o - 0,002

& 0,001 . o - 0,001
0,001 - 0,001
0,000 0,000

0 10000 20000 30000
Uretim (Adet/Ay)

Sekil 2. Standart ve hedef SET degerleri ile iiretim grafigi.

Standart enerji tiiketim degerlerinin 26,5 ile 33,9 TEP/Ay

arasinda degistigi ayrica, hedef enerji tiiketim degerlerinin 26,5

ile 28,04 TEP/Ay arasinda degistigi belirlenmistir.

Sekil 2’de standart ve hedef SET degerlerinin, iiretimle
degisimi grafiginden hedef SET degerlerinin daha dengeli bir
dagilim sergiledigi goriilmektedir.

5. Sonug¢

Bu calismada kiirk-siiet iiretimi yapan bir fabrikanin enerji
tasarruf caligmalarina katki saglamak iizere enerji taramasi
yapilmistir. Fabrikanin 2016 y1l1 enerji tiikketim verileri ile iiretim
verileri incelenerek, tiretim ve tiiketim verileri arasinda standart
enerji tliketimi hesaplanarak buna bagli hedef enerji tiiketimi
bulunmustur.

Yapilan arastirmada; standart enerji tiiketim denklemi E =
5.10-5 (P) + 29,62948 olarak bulunmus, enerji tiikketim degeri ile
iretim degigskeni arasinda 26,5 ile 33,9 TEP/Ay degistigi
belirlenmistir. Bir sonraki yil i¢in hedef standart enerji tiiketim
denklemi E = 1.10-4 (P) + 25,936 olarak bulunmus, enerji tiikketim
degeri tiretim degiskenine bagli olarak 26,5 ile 28,04 TEP/Ay

arasinda degistigi tespit edilmistir.
Spesifik enerji tiikketim (SET) degerlerine gore enerji tasarruf
potansiyelinin % 9,9 oraninda yani yilda 36,168 TEP olarak

gerceklesebilecegi hesaplanmigti. Buna gore mali tasarrufun
2017 y1lt i¢in yaklagik 180000 TL olacag: goriilmektedir.

Ayrica fabrikada bu tasarrufu arttirmak i¢in; kazan dairesinde
bulunan armatiirlerde  ve yiizeyinde  yalitimin
iyilestirilmesi, basingli hava kompresdriine hiz siiriiciisii ilavesi,
sirkiilasyon pompalar1 ve elektrik motorlarinin frekans kontrolli
hale getirilmesi, yapilabilecekler arasindadir.
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Bitkisel Cay Kullanilarak Uretilen Re Kombine Dondurmalarin Baz
Kalite Ozellikleri
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(Ilk Gelis Tarihi 29 Mart 2018 ve Kabul Tarihi 30 Nisan 2018)

Oz

Bu aragtirmada, ¢esitli bitki ve baharat katilarak dort farkli dondurma 6rnegi( targin, yesil cay, nane ve kekik) hazirlanmig ve analiz
edilmigtir. Dondurma 6rneklerinin pH’sinin 5,38 ile 6,46 arasinda degistigi tespit edilmistir. En yiiksek pH degeri, yesil ¢ay katilan
dondurma 6rneklerinde tespit edilmistir. Nane ve kekik katilmis dondurma 6rneklerindeki hacim artisi, diger bitkisel ¢ay katilmig
dondurma o6rneklerinden daha yiiksek olarak bulunmustur. Dondurma miksine katilan tar¢in ve yesil ¢ay, dondurmada hacim artisi
oranini azaltmistir. Nane katilarak yapilan dondurma 6rneklerinin viskozitesi(5,25 Pa.s) diger 6rneklerden daha diisiik bulunmustur.
En yiiksek viskozite degeri (20,59 Pa.s) yesil ¢ay katilmis orneklerde belirlenmistir. Dondurma &rneklerinin ilk erime zamani
989,40s(naneli) ile 1627,20s(kekikli) arasinda degismistir. En yiiksek yag de stabilizasyon orani(%40,12) yesil ¢ay katilarak yapilan
dondurma &rneklerinde tespit edilirken, en diisiik oran(%30,06) tar¢cinli dondurma 6rneklerinde belirlenmistir. Panelistler genellikle
tar¢inli ve yesil ¢ayli dondurma 6rneklerini daha ¢ok begenmislerdir. Kekikli dondurma 6rnekleri ise en az diizeyde begenilmistir.

Anahtar Kelimeler: Dondurma, bitkisel ¢ay, yag destabilizasyonu, viskozite, duyusal 6zellik.

Some Quality Characteristics of Re Combined Ice Creams Produced
Using Plant Tea

Abstract

In this research,4 different ice -cream samples (cinnemon , green tea, mint and thyme) made with plant teas were analysed. The pH of
ice-cream samples varied between 5.38 and 6.46. The highest pH was found in samples of green tea. The overrun ratio of samples with
mint and thyme were higher that than of others. The viscosity of mix samples made with mint addition (5.29Pa.s) were lover than that
of other samples. It was found that the highest viscosity (20.59Pa.s)was found in samples added green tea. The first melting times of
samples changed at around 989.40s and 1627.20s. As the highest fat destabilization ratio of samples was cinnamon ice-cream, the lovest
level (30.06%) was at samples of grean tea. Panelists preferred the ice-cream samples added cinnamon and green tea to others.

Keywords: Ice-cream, plant tea, herbal Tea, fat destabilization, viscosity, sensory properties.

Tebligi’ne gore de dondurma; igerisinde tat ve ¢esidine gore, siit
ve/veya siit lirlinlerini, igme suyu, seker ve izin verilen katki
maddelerini bulunduran, istenildiginde salep, yumurta ve/veya
yumurta iriinleri, aroma maddeleri ve ¢esni maddeleri gibi
bilesenleri igeren karigtmin pastorizasyon sonrasi, teknigine
uygun olarak islenmesi ve dondurulmas ile elde edilen, yumusak

1. Giris

Siit iiriinleri icinde dondurma lezzeti ile dikkat ¢ekmektedir.
Dondurma baslica siit, seker, yag, siit yagsiz kuru maddesi,
stabilizator, emiilgatéor ve bazi durumlarda da renk ve aroma
maddelerinin edilmesiyle karigimin

ilave olusturulan

dondurulmast ile iiretilen, olduk¢a kompleks bir yapiya sahip bir
stit tirlintidiir (Karaman, 2009). Tiirk Gida Kodeksi Dondurma

halde ya da sertlestirildikten sonra tiiketime sunulan bir siit
irtinlidiir (Anonim, 2004). Dondurma kolay sindirilmesi ve

1 Sorumlu Yazar: Atatiirk Universitesi, Oltu Meslek Yiiksekokulu, Gida Teknolojisi Programi, Oltu, Erzurum, cozdemir@atauni.edu.tr
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zevkle tiiketilmesinin yaninda 6énemli bir enerji, protein, kalsiyum
ve vitamin kaynagidir. Dondurma miksinin bilesimine bagh
olarak siite oranla 3-4 kat fazla siit yagi ve %12-16 oranindan daha
fazla protein icermektedir. Dondurmanin igerdigi siit proteinleri
miitkemmel bir biyolojik degere sahiptir. Ciinkii biitiin esansiyel
aminoasitleri igerir. Siit proteinleri, triptofan ve o6zellikle lisin
aminoasitleri bakimindan zengindir (Kir, 2007).

Dondurmanin besin degerinin {istiinliigii ve sindiriminin
kolaylig1 yaninda herkesge sevilen tat ve aromasi ve aym zamanda
ferahlatict bir 6zelligi vardir. Dondurma endiistrisi ABD ve
Avrupa’da siit teknolojisinin énemli bir kolunu olusturmaktadir.
En fazla dondurma iireten ve tiiketen ABD’de toplam siit
%10°’u dondurmaya islenmekte (5.542.000.000
litre/y1l) ve kisi bagina yillik tiiketim yaklasik 25 litreyi
bulmaktadir. Ulkemizde ise toplam siit iiretiminin sadece %
0,4’iintin dondurmaya iglendigi, yillik iiretimin 27.500.000 litre
civarinda oldugu ve kisi basina tiiketimin 0.6-1.0 kg/yil oldugu
tahmin edilmektedir(Mukan ve Evliya, 2002). Ulkemizde
dondurma iiretim ve tiiketim miktariin gelismis iilkelere gore
diisiik oranda bulunmasinin nedeni dondurmanin halkin biiyiik bir

uretiminin

kesimi tarafindan ¢ocuklara yonelik bir gida olarak
diisiiniilmesinden ve hava kosullarina bagli olarak yazin
serinlemek amactyla tilketilmek istenmesinden

kaynaklanmaktadir. Oysa gelismis iilkelerde bu fiiriin tatli olarak
kabul gérmekte ve mevsim degisikliklerine bagli olmaksizin
tiketilmekte bu nedenle tiiketim miktar1 da istenen seviyeye
ulagmaktadir (Milci ve Yaygin, 2003). Ger¢ek anlamda dondurma
tiretimi, tiim diinya i¢in diger siit iirlinlerine gore yeni bir kavram
olmakla beraber kisa bir siirede ¢ok hizli bir ilerleme
gostermig(Sahan ve Kagar, 2004) ve giiniimiizde dondurma
dretimi klasik iiretim yapisindan siyrilarak biilyiik endiistriyel
tesislerde dretilir hale gelmis sonugta yaz aylart disinda da
tiiketilebilme 6zelligine kavugmustur (Bostan ve Akin, 2002).

Ozellikle yesil cayda polifenoller olarak adlandirilan giiglii
antioksidanlar bulunmaktadir. Yesil cayin yaklagik 4000 bioaktif
bilesigi oldugu ve bunun doértte birinin polifenollerden olustugu
tespit edilmistir (Taiq ve ark., 2010). Yesil ¢ayda bulunan
flavonoidler viicuttaki metabolizma sonucu olusan serbest
radikalleri nétralize eden antioksidanlardir(Horzie ve ark.,2009).
Sarida ve ark.(2016), % 2,3 ve 4 oraninda yesil ¢ay tozunu
Endonezya’nin geleneksel dondurulmus gidast olan Es Puter’e
katmiglar ve yesil ¢ay orami arttikga gidanin hacim artigini
azaldig, viskozitesi ile erime siiresinin arttigini belirlemislerdir.
Karaman ve Kayacier (2011), dondurmayi siyah ¢ay, ada gayi,
thlamur ve saripapatya ile aromalandirmislardir. Arastiricilar,
dondurma 6rneklerinin titrasyon asitliklerini %0,26 ile % 0,32 ve
pH degerlerini de 6,16 ile 6,31 araliginda bulmuslardir. Bu
calismada, dondurmaya katilan ¢aylarin dondurmanin pH
degerini azalttigini, asitligini artirdigin1 ve L* renk degerini ise
azalttigim1  belirlemiglerdir. Aym aragtirmada  6rneklerin
viskozitesi ise 0,593 Pa.s ile 0,829 pa.s araliginda bulunmus ve
panelistler sar1 papatya katilmis dondurma 6rneklerini daha ¢ok
begenmislerdir. Baska bir calismada ise Oztiirk ve ark.(2010)
dondurmaya farkli konsantrasyonlarda yesil ¢ay ve ada ¢ay1
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katmislar ve bu bitkisel ¢aylarin dondurma 6rneklerinin pH
degerini ve L* renk degerini azalttigini saptamislardir.

Bu ¢alismada bazi1 bitki ve baharatlardan (tar¢in, nane, kekik
ve yesil ¢ay) siit kullanilmadan re- kombine dondurma yapim
imkénlar1 arastirilmis ve bunlarin dondurma kalitesi iizerine
etkileri tespit edilmeye calisilmigtir. Bu arastirma sonucunda
bitkisel ¢aylarda bulunan antioksidanlarin dondurma bilesimine
katilmasi ile fonksiyonel o6zellikleri yiliksek dondurma tiretimi
amaglanmistir.

2. Materyal ve Metot
2.1. Orneklerin Hazirlanmasi

Bu calismada 4 farkli bitkisel ¢ayli rekombine dondurma
yapilmistir. Geleneksel olarak benzer bitkisel ¢ay hazirlama
yontemlerinin oldugu diigiiniilerek toz halindeki tar¢in, yesil ¢ay,
nane ve kekikten yirmiser gram alinip 1 litre suya ilave edilmis ve
10 dakika kaynatilmistir. Daha sonra sogutulup siiziilen ¢aylara
100g yagsiz siittozu, 50 g krema (%50 yagli), 10 g salep, 5 g
emiilgator ve 200 g siikroz katilarak miks hazirlanmistir. Miks 12
saat buzdolabinda olgunlastirilmistir. Daha sonra dondurma
makinasinda dondurulmus ve — 18 ° C’deki derin dondurucuda
muhafaza edilmistir.

2.2. Kimyasal ve Fiziksel Analizler

2.2.1. pH Degeri

Tampon ¢ozeltiler (pH 4.0 veya 7.0) yardimiyla ayarlanan pH
metre ile (Mettler Toledo markali) dondurma Orneklerine ait
karigimlarin pH degerleri 20+1 °C’ de tespit edilmigtir (Demirci
ve Gunduz, 1994 ).

2.2.2. Titrasyon Asitligi

Alkali titrasyon yOntemine gore titrasyon asitligi % laktik
asit cinsinden belirlenmistir(Kurt ve ark.,2012).

2.2.3. Kuru madde Orani

Onceden temizlenmis, kurutulmus ve darasi alinmis kuru
madde kaplarina hassas bir sekilde yaklasik olarak 5’er gram
ornek tartilmis ve 100+5 °C ’deki etiivde 3 saat siireyle
kurutulduktan sonra sogumaya birakilmistir. Ornekler sabit
agirliga gelinceye kadar kurutma iglemine devam edilmistir.
Kurutmadan onceki agirlik ve kurutmadan sonraki agirlik
farkindan % kuru madde miktar1 hesaplanmistir (Kurt ve ark.,
2012).

2.2.4. Hacim Artist

Darasi belirlenmis olgili silindir igerisine belirli hacme kadar
dondurma, bosluk kalmayacak sekilde doldurulmus ve analitik
terazide tartilmistir. Aym dondurma numunesi bir beher igerisine
konularak su banyosunda eritilmistir. Eriyen karigim, temizlenmis
olgiilii silindire ayn1 hacme kadar aktarilip tekrar tartilmig ve
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hacim artis1 orant (%) = [(Dondurmanin hacmi - Erimis
Dondurmanin Hacmi) / Erimis Dondurmanin Hacmi] x 100
formiilii ile tespit edilmistir(Jimenez-Florez ve ark.,1993).

2.2.5.1k Damlama Siiresinin Belirlenmesi

10 g dondurma 6rnegi darasi alinmig kaplar tizerindeki tel
stizgliye konularak 24+£1°C’ de erimeye birakilmistir.
Dondurmalarimn erimeye basladig1 ve ilk damlalarin diistiigii siire
belirlenmistir(Cotrell ve ark., 1979).

2.2.6. Viskozite

Dondurma karigimlarinin viskoziteleri, dondurma
karisiminin 4°C’de 24 saat olgunlastirildiktan sonra dijital
Brookfield  viskozimetre  (Model DV-II)  kullamilarak
belirlenmistir (Brookfield Engineering Laboratories, USA)
(Soukoulis ve ark. 2014). Viskozite 6l¢iimlerinde 4 nolu baslik
kullanilmis  olup

gergeklestirilmistir.

Olciimler 20 rpm kayma hizinda

2.2.7. Yag Destabilizasyonu

Dondurma Orneklerinde yag destabilizasyonu analizi Lee ve
White (1991)’a gore yapilmustir.

2.2.8.Duyusal Analizler

Dondurma ornekleri 8 kisilik egitimli panelist tarafindan
degerlendirilmistir. Dondurma ornekleri panelistlere yaklasik -10
derecede sunulmustur (Bodyfelt ve ark.1988).

3. Arastirma Sonuglari ve Tartisma

Tablo 1. Bitkisel Cayli Dondurma Orneklerinin Bazi Fiziksel ve Kimyasal Ozellikleri

N Yag . ik
%)rql(jei:z:? Asitlik (%) pH V|(sl,3k;§;te Destabili- A':t‘:‘Cl'('j) ) Damlama Kurz;w ;:1 dde
: zasyonu(%) 7o Siiresi(dak) 0

Tar¢inhi 0,23 5,94 16,18 30,06 8,30 24,31 45,83
Yesil Cayli 0,22 6,46 20,59 40,12 11,93 20,53 42,65
Naneli 0,31 5,38 5,29 39,13 19,50 16,49 42,70
Kekikli 0,22 6,18 18,36 40,18 19,28 27,12 45,72

Not: Verilen degerler 3 tekerriir ortalamasidir.

Tablo’1’de  goriilebildigi gibi naneli dondurma diisiik oldugunu tespit etmislerdir. Yaptigimiz ¢aligmalarda

orneklerinin asitligi diger 6rneklerden daha yiiksek, pH’s1 ve
viskozitesi ise daha diisiik bulunmustur. Oztiirk ve ark.(2010)
farkli konsantrasyonlarda yesil ¢ay katilmig dondurma
Orneklerinin pH’sinin adagay1 katilmis drneklerden daha
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ise yesil cay katilan dondurmalarin pH degerlerinin diger
bitkisel ¢aylardan daha yiiksek oldugu(6,46) tespit edilmistir.
Bitkisel karigimli dondurma &rneklerinin asitlik ve pH
degerlerinin farkli olmasi, katilan bitki ve baharatlarin
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asitliklerinin farkli olmasindan kaynaklanmaktadir. Yesil
c¢ayli dondurma oOrneklerinin viskozitesi (20,59 Pa.s) en
yiiksek diizeyde bulunmustur. Nitekim Sarida ve ark.(2016)
dondurulmus gidaya ilave edilen toz yesil ¢ay oraninin
artmastyla birlikte viskozitenin de arttigini belirlemislerdir.
Tar¢inli  Orneklerin yag destabilzasyon oraninin diger
orneklerden daha diisik oldugu Tablo’l den de
goriilebilmektedir. Targinli ve yesil ¢ayli 6rneklerin hacim
artis oran1 nane ve kekik ilaveli dondurma o6rneklerinden
yiiksek bulunmustur. Sarida ve ark.(2016)’da dondurulmus

gidaya ilave edilen toz yesil ¢ay oraninin artmasiyla birlikte
gidada hacim artiginin azaldigini1 bulmuslardir. Bu sonug¢ bu
aragtirma bulgulariyla paralellik arz etmektedir. Kekikli
dondurma oOrneklerinin  ilk damlama (27,12
dakika)diger orneklerden daha uzun bulunmusgtur. Naneli
dondurma o6rnegi ise en diisiik (16,49 dakika) ilk damlama
stiresine sahiptir.

siiresi

Bitkisel ¢ay katilmis 6rneklerin duyusal analiz sonuglari
Tablo 2’ de verilmistir.

Tablo 2. Bitkisel Cay Katilmis Dondurmalarin Duyusal Analiz Sonug¢lari(9 iizerinden)

Renk Yap1 ve Tekstiir Tat ve Aroma Istenmeyen Tat

Dondurma

Ornekleri

Tar¢inli 8,05 7,83 8,50 7,77

Yesil Cayli 6,95 6,74 7,11 7,18

Naneli 6,78 6,77 4,58 5,38

Kekikli 7,41 7,12 3,94 5,58

Not: Verilen degerler 3 tekerriir ortalamasidir.
Bitki veya baharat katilmig dondurma orneklerinin yap1 ve Kayn aklar

tekstiirii panelistler tarafindan genellikle begenilmistir. Bilhassa
tarcinli dondurmalarin tat ve aromasi, tar¢inin belirgin olan
aromasindan dolay1 panelistler tarafindan daha ¢ok begenilmistir.
Nane ve kekik ilave edilen dondurmalarda panelistler istenmeyen
tat ve aroma algilamislar, buna karsin tar¢inli ve yesil cayl
dondurmalara daha yiiksek puanlar vermislerdir. Karaman ve
Kayacier(2012) sar1 papatya ¢ayi ile yapilan dondurmanin siyah
cay, ada c¢ayr ve ihlamur ile yapilanlara goére daha ¢ok
begenildigini, ada ¢ay1 ve siyah ¢ay ile yapilan dondurmalarda ise
istenmeyen renge sahip oldugunu tespit etmislerdir.

4. Sonug¢

Bu arastirmada 4 farkl1 bitki ve bahrat kullanilarak dondurma
hazirlanmig ve bu Orneklerde bazi analizler yapilmistir. Bu
aragtirma sonucuna gore, tarcinli ve yesil ¢ayli dondurma
orneklerinin hacim artisi diger Orneklerden diisikk olmasina
ragmen diger fiziksel ve kimyasal 6zellikler ile bilhassa duyusal
ozellikler dikkate alindiginda yesil ¢ay ve tar¢inin dondurma
yapiminda daha iyi sonu¢ verdigi saptanmistir. Sonug¢ olarak;
farkl1 tat ve aromalarinin yaninda fonksiyonel ozellikleri de
dikkate alindiginda bitki ilaveli veya baharatli dondurma yapim
caligmalarini siirdiiriilmesi faydali olacaktir.
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