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Abstract

Fossil remains, which provide important information about past life and ecology, are especially important in natural history and life
evolution. Recently, many interdisciplinary dating studies have been conducted and many different techniques have been used to
investigate the data obtained in this field. Electron Spin Resonance (ESR) (or alternatively, Electron Paramagnetic Resonance, EPR)
is one of the methods used in absolute dating and dosimetry studies. It is based on determination of the radiation-centered radicals
obtained from the radiation dose absorbed by irradiated materials.

One of the important problems in dosimetry and dating studies performed with ESR method is the dependence of experimental
parameters on the accumulated dose. The accumulated dose value is effective in determining the actual result of the dating and
dosimetric samples. This value is influenced from the stability of the ESR centers, experimental stages, sample preparation or
measurement processes.

In this study, how the modulation amplitude parameter affects ESR signal intensity in ESR dating and dosimetry studies of tooth
enamel investigated. The selective archacological animal tooth enamel sample was used from the archaeological site of Kosk Hoyiik,
in Turkey for experimental studies. This sample was prepared with combined processes of mechanical and chemical treatment of tooth
in laboratory. Tooth enamel sample was irradiated by ®°Co gamma-ray source in dose of 1kGy. After irradiation, ESR spectra were
recorded at different modulation amplitude values at room temperature using X-band ESR Spectrometer. According to the results
obtained, the most suitable modulation amplitude values for ESR measurements of tooth enamel sample examined in the study.
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Dis Minesinin Elektron Spin Rezonans (ESR) Tarihlendirme ve
Dozimetri Calismalarinda En Uygun Modiilasyon Genliginin
Belirlenmesi

Oz

Gegmis yasam ve ekoloji hakkinda onemli bilgiler veren fosil kalintilari, 6zellikle doga tarihi ve canli evriminde 6nemli bir yere
sahiptir. Son zamanlarda, bu alanda elde edilen verileri degerlendirmek igin disiplinler arasi tarihlendirme ¢aligmalar1 yapilmakta ve
bir¢ok farkli teknik kullanilmaktadir.

Elektron Spin Rezonans (ESR) (veya diger adiyla Elektron Paramanyetik Rezonans, (EPR)) mutlak tarihleme ve dozimetri
caligmalarinda kullanilan yontemlerden biridir. Isinlanmig materyaller tarafindan sogrulan radyasyon dozu sonucu elde edilen
radyasyon merkezli radikallerin belirlenmesi ile ilgilenir. ESR yontemi ile yapilan dozimetri ve tarihlendirme ¢aligmalarinda 6nemli
sorunlardan birisi, deneysel parametrelerin biriken doz {izerinde bagimliliginin olmasidir. Materyallerin gercek yaslarinin

belirlenmesinde etkili olan doz degeri ESR merkezlerinin kararligindan, numune hazirlama ya da dlgiim islemleri gibi gesitli
asamalardan etkilenmektedir.
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Bu ¢aligmada, dis minesi ile yapilan ESR tarihlendirme ve dozimetri ¢alismalarinda modiilasyon genligi parametresinin ESR sinyal
siddetini nasil etkiledigi incelendi. Deneysel ¢aligma icin, Koskhoyiik arkeoloji kazi alanindan ¢ikarilan arkeolojik hayvan dis minesi
ornegi kullanildi. Olgiim isleminden 6nce dis minesi &rnegi, laboratuvar ortaminda dis iizerine mekanik ve kimyasal islemler
uygulanarak hazirlandi. Daha sonra 6rnek, ®°Co gama-kaynag ile yaklagik 1kGy 1sinlandi. Ismlama isleminden sonra érnegin ESR
spektrumlar1 X-Band ESR Spektrometresi yardimiyla oda sicakliginda farkli modiilasyon genligi degerlerinde kaydedildi. Elde edilen
sonuglara gore, calismada incelenen dis minesi 6rneginin ESR 6l¢limleri igin en uygun modiilasyon genligi degeri belirlendi.

Anahtar Kelimeler: ESR, Dis minesi, Tarihlendirme, Dozimetri, Modiilasyon Genligi.

1. Introduction

Electron Spin Resonance (ESR) (or alternatively, Electron
Paramagnetic Resonance, EPR) is a powerful and sensitive
method for identification of paramagnetic centers and free
radicals in solids and liquids (Karatas, 2012; Jonas, 1997). It
provides a detailed description for different materials and widely
used for a lot of area such as medicine (Sarcan et al., 2020);
archaeology (Duval et al., 2018); geology (Lopes et al., 2020);
industrial irradiations (Karatas, et al., 2016); dosimetry (Toyoda
et al., 2020); dose reconstruction for several radiation events and
accidents (Skvortsov et al., 2000) etc.

One of the most reliable materials in dosimetry and dating
studies using Electron Spin Resonance (ESR) method is tooth
enamel (Duval et al., 2018; Griin, 1989; Han et al., 2016;
Harsman et al, 2018; Jonas, 1997; Scholom & Desrosiers, 2014;
Todaka et al, 2020). ESR dosimetry and dating using tooth
enamel sample is based on detection of the long-lived radiation-
induced centers in material (Griin, 1991; Fattibene & Callens,
1002010; Ikeya, 1993). The concentration of these centers can
be used to determine the burial time and the radiation dose
absorbed by sample (Ivannikov et al., 2002; Rink & Thomson,
2015; Vatnitsky, 2002).

There are many important parameters that affect the
intensity of the ESR dosimetric signal, which is a function of the
magnetic field, such as microwave power and modulation
amplitude (Fattibene & Callens, 2010; Lyons et al., 1988;
Murphy, 2009). In many studies with the ESR spectrometer,
modulation amplitude is a less determining parameter compared
to microwave power (Fattibene & Callens, 2010; Ikeya, 1993;
Ivannikov et al., 2002; Galtsev et al., 1996). Considering the
previous studies, it has been observed that the variation of this
value is quite small (Fattibene & Callens, 2010; Ikeya, 1993).
However, the ESR signal often increases linearly at low values
of modulation amplitude. When the modulation amplitude
becomes comparable to the line width, the signal growth
gradually decreases and the lines begin to distort gradually
(lkeya, 1993; Ivannikov et al., 2002). Therefore, to minimize
distortions in the ESR signal, it is necessary to take the
modulation amplitude smaller than the line width of the ESR
signal (Poole, 1982).

In this study, Electron Spin Resonance (ESR) spectra of
fossil animal tooth enamel recorded at different modulation
amplitude is investigated. The effects of modulation amplitude
parameter on ESR signal intensity of tooth enamel studies were
obtained experimentally.
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2. Material and Method

2.1. Sample Description

In this study, an animal tooth with 3 cm long, obtained
from archacological site of Kosk Hoyiik, Nigde, Turkey was
used. When selecting the tooth sample, a considerable care was
taken, that the sample had not any broken and disease, to ensure
that the results obtained from the experimental studies are
reliable. The sample was brought to the laboratory without
cleaning the sediments on it.

2.2. Sample Preparation

In this study, sample preparation was carried out at
laboratory in Nigde Omer Halisdemir University. Firstly, sample
was washed in pure water and dried at room temperature. The
dried tooth sample was cut transversely using a diamond dentist
drill. The crown part and the root part were separated from each
other. All parts were kept for one day in the ultrasonic bath at
room temperature. After they thoroughly washed with pure water
and dried at 30°C in the oven. The dentine parts remaining in the
enamel layer on the dried tooth fragments were carefully scraped
with a dental drill. The enamel pieces obtained were kept in
chemical solvent for cleaning the other calcite components. Then
washed with distilled water, and kept in another chemical
solvent for removing the organic components contained therein.
After samples were washed with pure water again and left to dry.

The dried enamel pieces were grinded and then eliminated
in size of 45 pm - 125 pm with using sieves. The powder tooth
enamel sample obtained was weighed and placed in sample
container for measurements.

2.3. Sample Irradiation

In this study, irradiation of powder tooth enamel sample
was performed with ©Co gamma-source with a speed of 1.993
kGy/h per hour in irradiation laboratory of Cekmece Nuclear
Research and Training Center ((NAEM), Turkey. The amount
of radiation dose absorbed by sample was calculated with speed
of the source and irradiation dose was determined as 1kGy.

2.4. ESR Measurements

After irradiating the powder sample, it was used for
obtaining the modulation amplitude of the ESR. ESR spectra of
tooth enamel sample have been recorded by using Bruker EMX
model X- band ESR Spectrometer in IFW, Dresden, Germany at
room temperature. Powder tooth enamel sample has been placed
in ESR quartz tube and centered vertically in cavity. The field
derivative of microwave power absorption (dP/dH) has been
recorded as a function of static magnetic field. The ESR
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measurements have been set to obtain analyzable ESR signals as
following: The microwave power was 10mW, the modulation
frequency was 100 kHz and different modulation amplitude
values were between 0.25G and 10G.

3. Results and Discussion

In this study, ESR spectra of gamma irradiated powder
tooth enamel sample were recorded at different modulation
amplitude values (0.25G, 0.50G, 0.75G, 1G, 2G, 3G, 4G, 5G,
6G, 7G, 8G, 9G, 10G) at room temperature. These ESR spectra
are shown in Figure 1.
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Figure 1. ESR spectra of 1kGy irradiated powder tooth enamel
sample recorded in different modulation amplitudes according to
magnetic field

As seen in Figure 1., when the modulation amplitude
started to increase, deformations of the ESR signal were
observed. The expected dating or dosimetric signal was clearly
visible at low modulation amplitude values. However, as the
modulation amplitude increases, the two splitting peaks at the
bottom of the spectrum are increasingly being observed as a
single peak. Because, when the line widths of the two split
peaks were compared with modulation amplitude values, the line
widths of the peaks were smaller than modulation amplitude at
high modulation amplitude values. Therefore, at high
modulation amplitude values, the distance between two peaks
were closed and started to be a single peak.
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Figure 2. Variation of ESR signal intensity and peak to peak
values of 1kGy irradiated tooth enamel sample
with different modulation amplitudes
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In Figure 2., variation of ESR signal intensity and peak to
peak values of 1kGy irradiated powder tooth enamel sample
with different modulation amplitudes are shown. It is seen in
Figure.2 that the modulation amplitude increased in direct
proportion with the signal intensity. As the modulation amplitude
increased, the signal intensity increased until the distance
between the two splitting peaks at the bottom of the spectrum
was closed. Then signal intensity remained constant when two
splitting peaks were combined into a single peak.
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Figure 3. Variation between AHpp values of 1kGy irradiated
powder tooth enamel sample and different modulation
amplitudes

In Figure.3, the magnetic field variations observed in the
ESR signal intensity, AHpp, were investigated at different
modulation amplitude values. According to the spectra at
different modulation amplitude values ranging from 0.25 G to 10
G; AHpp values were stable until ~ 2G modulation amplitude and
then increased sharply after this value. So, this figure clearly
showed that the optimal modulation amplitude values for the
dating and dosimetry signal of the tooth enamel sample from
Koskhoyiik were between 0.25G and 2G.

It has been experimentally proven that the line width of the
dating and dosimetric signal of the tooth enamel sample is
around 3G, with the curve fit using the Gaussian function (Ikeya,
1993; Bulur, 1998). The results will be misleading when a higher
value than 3G is setted for dating and dosimetric studies. So, it is
necessary to determine the best value for the modulation
amplitude. The smaller modulation amplitude value helps
dissolve overlapping signals and prevents deviations in the
signal-to-noise ratio results. The behaviors of the ESR peaks
obtained at low modulation amplitude clearly indicate that there
are multiple overlapping signals with different relaxation
behaviors in the respective region of the spectra. The high
modulation amplitude value in the dating and dosimetric signals
causes the other signals to be hidden. So, the results obtained in
this study are agreement with literature and show that the
modulation amplitude value should be less than 3G.

4. Conclusions and Recommendations

According to the ESR results of fossil tooth enamel
samples, the modulation amplitude was found to be one of the
most important parameters affecting the signal intensity in the
ESR dating and dosimetric measurements of the tooth enamel

803



Avrupa Bilim ve Teknoloji Dergisi

sample. Dosimetric and dating signal for tooth enamel sample is
hidden at high values of modulation amplitude. So, when the
modulation amplitude is set higher than 3G in ESR dosimetry
and dating studies of tooth enamel, the results will be
misleading. In this study, the most suitable modulation
amplitude values for ESR dating and dosimetry measurements of
tooth enamel sample from Koskhdyiik was found to be between
0.25G and 2G. This result is agreement with literature.
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