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Anisotropy of the EPR spectra of fossil tooth enamel plates
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Abstract: The current work has been presented a variation of the lineshape of the EPR spectrum of a
fossil enamel plate as it is rotated in the magnetic field around the axis of tooth growth. The central part
of the EPR spectra of a fossil enamel plate consists of oriented and disoriented asymmetric CO~, signals
with the occasional presence of the isotropic signal. The intensity of the central signal changes due to the
different contributions of the oriented CO- signal. The estimated share of the oriented CO~; radicals is
36+2%.
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1. Introduction

Radiation-induced EPR signal in tooth enamel has been extensively used in retrospective
EPR dosimetry [1] and EPR dating [2]. Tooth enamel consists of 94- 97% of hydroxyapatite
Cai0(PO4)s(OH)2 , the rest is accounted for by water or organic matter [3]. Carbonate impurities
in the hydroxyapatite substitute some of the phosphates and/or OH anions. Ionizing radiation
creates various types of radicals that are trapped in the crystal lattice such as CO, CO*3,CO" ,0
etc. , and located at the proximity of g=2[4]. The CO radicals give rise to an EPR signal that is
proportional to the dose absorbed in the enamel.

It is well accepted that the radiation-induced EPR signal of tooth enamel consists of at
least three paramagnetic centers related to CO~ radicals which are experimentally proved [5].
The spectroscopic parameters of these radicals are very close to each other, and their EPR
signals are indistinguishable in powder samples. However, the line shape of the EPR spectra of
these radicals in enamel plates is different. This is because the CO~ radicals of the axial type are
uniformly oriented in the enamel plates, whereas the radicals of the orthorhombic type are
disordered. The EPR spectrum of the orthorhombic type radicals does not depend on the sample
orientation in the magnetic field. The orthorhombic paramagnetic center is responsible for the
EPR spectrum with the parameters gx =2.0017, gy =1.9970, g, = 2.0031. This center has been
observed in synthetic and biological (tooth enamel and bone) hydroxyapatite (HAP) [6] and it is
the main paramagnetic defect in the irradiated HAP- containing materials. This center is quite
stable however it was recently shown that under thermal annealing this orthorhombic
paramagnetic center can be transformed into the axial paramagnetic center [7].

The signal from the axial type of CO~ radicals depends on the direction of the external
magnetic field concerning the crystallographic axis of the hydroxyapatite crystallites and is
responsible for the EPR spectrum with the parameters gl=1.9970, g+ =2.0027. Therefore, the
total EPR spectrum of an irradiated tooth enamel plate is anisotropic, i.e. it changes its shape as
the sample is rotated in the external magnetic field [8].

The third center with g =2.0006 is related to the isotropic EPR line in both modern [9]
and fossil enamels [4], as well as in synthetic HAP [10]. “Isotropy” of the paramagnetic center is
caused by the rapid jumps of the radical and in the EPR spectrum is observed only under certain
specific conditions.
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In this work, we have studied the anisotropy of the EPR spectra of naturally irradiated
fossil enamel plates.

2. Materials and methods

The investigated object was a fossil tooth of an elephant (Palaeoloxodon antiquus) found
in Mingachevir district of Azerbaijan in 2010 with well-preserved teeth. Sample preparation and
ESR measurement procedures followed standard techniques [11]. The enamel was initially
removed from teeth using a dental drill and water cooling. The 2 mm mean thickness enamel was
then placed in a 30% NaOH solution for one day to disinfect it and separate any remaining
dentine.

A dental drill was used to strip around 50+5 um from inside and outside of the enamel
surface to ensure that alpha radiation had no effect. In total 1.2 gr. enamel was collected and it
was air-dried at room temperature for three days.

Small enamel pieces of approximately 1x2x3 mm, further indicated as “enamel blocks”
or “enamel plates”, were cut from the tooth using the water-cooled dental saw.

ESR signal was measured with a Bruker EMXplus(X-band) spectrometer. The
spectrometer parameters used were: 3484 G central field, 100 G scan range, 3,2 G amplitude
modulation, 100kHz modulation frequency, 20.08 ms time constant, and 2.12 mW microwave
power.

3. Results and discussions

Fig. 1 shows the EPR spectra of fossil enamel plates at four different orientations relative
to the magnetic field. The main radiation-induced EPR signals (at the magnetic field B~3460 -
3510 G) in these samples are similar if we take into account the extreme points at the spectral
line shape. However, there are obvious differences if we analyze the values Iy, I, and I3 that
correspond to the amplitudes of EPR signals in the extreme points (the notations |1, I, and I3 as
they were introduced in the paper [5].
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Fig. 1 Variation of the lineshape of the EPR spectrum of a fossil enamel plate as it is rotated in the
magnetic field around the axis of tooth growth



The value of I corresponds to the amplitude of the EPR signal near g=2 of the oriented
centers (Fig. 1). EPR spectra of fossil enamel plates at four different orientations exhibit
different ratios between Iy, I2 and Is.

The central part of this signal is formed mainly by the contributions of the axial and
orthorhombic CO~, centers [5]. Therefore, it is assumed that the differences in the values of Iy,
I, and I3 are caused by different contributions of the above-mentioned paramagnetic centers.
Depending on the orientation of a sample, both oriented and disordered CO~; radicals contribute
to these values. The contribution of the oriented radicals depends on the sample orientation,
while the contribution of the disordered radicals is constant.

Thus at the position when intensity | is minimal we observe the contribution of the
disordered centers only. On the contrary, when the value of the | is a maximum then the
contributions of both centers are maximum. It is seen from Fig.1 that, when a dental enamel plate
is rotated in a magnetic field the amplitude I vary from the maximal value Imax = lgistIor to the
minimal value Imin=Lsis. Conventionally, it is convenient to use the dimensionless value A=I/Inax
and the changes of this value will determine the relative contribution of the oriented radicals to
the amplitude I:

A = (I1max-11min)/Imax= lor/(lor +1dis)

Fig. 2 shows the variation of l1/limax Value (where limax is the maximum value of I1; lor
and lgis the EPR intensities of ordered and disordered CO~; radicals respectively) at the sample
rotation around the axis of maximum anisotropy in the magnetic field. It is seen that the ranges
of l1/limax value changes are different for the samples at different orientations. The maximum
change, denoted as A, for the sample of fossil enamel it is equal to A= 0.36+0.02.
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Fig. 2. EPR spectra anisotropy of fossil enamel plates.

Simulation of the powder spectra of the modern and fossil tooth enamel was carried out
in [5] and it was found that the share of the axial centers in the total amount of CO~; radicals is
20% in modern y-irradiated enamel and 33% in the sample of fossil enamel. It was also reported



that in the case of the enamel plates the share of the axial centers in the total amount of CO
radicals is 35% in modern y-irradiated enamel and 40% in the sample of fossil enamel.

4. Conclusions

Unlike powder tooth enamel, anisotropy is observed in the EPR spectrum of fossil
enamel plates when the plates rotate in a magnetic field. In this case, the intensity of the
spectrum also changes depending on the fraction of the oriented anisotropic CO; spectrum in the
central spectrum. The estimated share of this spectrum is 364+2%.

Measurements of the anisotropy of the EPR spectra of irradiated and/or fossil tooth
enamel plates can be used for determining the real dose of y-irradiation.
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AHHN3O0TPOIIUS CIIEKTPA IIIP IIVIACTHH U3 SMAJIA HCKOITAEMBIX 3YBOB
C.I. MamenoB, M.A. baiipamoB, A.3. Aoumos, A.C. AxagoBa

Pe3zome: B nanHoii paboTe ObUTO mpeacTaBieHO w3MeHeHue (opmbl uHMK criektpa DIIP mmactuHkH
MCKOIIAa€MOH 3MaJIM IPU €€ BPALeHWH B MarHUTHOM II0JI€ BOKPYI OocH pocTa 3y0a. LlenTpanbHas yacts
cnexrpoB DIIP miacTMHKK MCKONIAeMOM AMaM COCTOUT M3 OPUEHTUPOBAHHOTO U J1€30PUEHTUPOBAH HOTO
acummerpuyHoro curHana CO;, ¢ peAKUM MpHUCYTCTBUEM H30TPONHOIO curHaia. HTeHCHMBHOCTH
LEHTPaJIbHOr0 CUTHAja U3MEHSETCs M3-3a Pa3HOTo BKIJIaJa opueHTHpoBaHHoro curHana CO;. PacuerHas
JIOJI1 OPUEHTUPOBAaHHBIX paaukanoB CO» coctaBusieT 36 + 2%.

Knroueevle cnosa: aHM30TpONHS;, WCKomaeMmas 3yOHas OdMailb; THAPOKCHAIIATHT, JJIEKTPOHHBIN
MapaMarHUTHBIA PE30HAHC

QODIM DiS EMALINI KRIiSTAL LOVHOSININ ELEKTRON SPIN REZONANS
SPEKTRINDO ANiZOTROPIiYA

S.Q. Mommoadov, M.A. Bayramov, A.Z. Abisov, A.S. 9hadova

Xiilasa: Bu isdo qodim disin mina l6vhasinin EPR spektr xottinin formasinin doyismosini tadqiq
edilmisdir. EPR spektr maqnit sahasinds digin bdyiims oxu atrafinda firlamaqla dl¢tilmiisdiir. Qadim disin
mina 16vhosinin EPR spektrinin markozi hissasi asason bir istigamotlonmis vo bir istigamatlonmomis
asimmetrik CO"; signalindan ibaratdir. Bu hissads daha bir izotrop siqnali da miishids oluna bilar, lakin
bu homiso bag vermir. Morkoz signalinin intensivliyi istiqamotlonmis CO~ signalinin iimumi signalda
payina uygun olaraq dayisir. Hesablamalara gors istiqgamatlonmis CO™ signalinin iimumi signalda payi 36
+ 2% toskil edir.

Acar sozlar: anizotropiya; godim dis emali; hidroksiapatit; elektron paramaqnit rezonans.



