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Abstract It is shown that the results of retrospective EPR dosimetry by tooth
enamel are essentially determined by the fact that tooth enamel is the mineral of
biological origin. The structure of tooth enamel, properties of radiation defects
and the role of metabolism in tooth enamel are discussed. It is shown that at deep
metamorphic modifications tooth enamel don't save information about its
radiation history. The reliability and accuracy of retrospective EPR dosimetry are
discussed. Because after Chernobyl accident have passed 10 years the application
of tooth enamel for reconstruction of doses which are connected with Chernobyl
accident need care and additional investigations.

1. Introduction

It is well known that tooth enamel is one of very potential objects for retrospective EPR
dosimetry [1-3]. There are a lot of articles on physical properties of radiation defects in this
object [2-6]. Tooth enamel is the typical representative of minerals of biological origin or
minerals which have grown in alive organism. The peculiarities of structure and properties of
tooth enamel as mineral of biological origin had been discussed by various authors [2,6-9].

Retrospective EPR dosimetry based on tooth enamel can be used for decision medical,
social and other problems connected with Chernobyl accident [3]. Using tooth enamel for
dose reconstruction of people from Chernobyl accident zone were described in papers
[10,11].

But there are a lot of discussing problems in field of retrospective EPR dosimetry based on
tooth enamel. They are connected with reliability of reconstructed doses, half life time and
stability of radiation defects, changing of radiation sensitivity at diseases of teeth and
problems about influence of metabolism and metamorphic modification at the results of
retrospective EPR dosimetry.

2. Samples and experimental methods

The experiments were carried out for different kind of human teeth, which were obtained by
us in different medical Institutions of Kiev. We have used both powder samples and thin
plates from enamel. We coupled to these plates the coordinate system with vertical (v),
horizontal (h) and perpendicular (p) axes. These axes were corresponded to the real position
of tooth in space. A samples were prepared using stomatological instruments and by
gravitation method. This method is grounded at the fact that density of enamel is equal to
(2.9-3.0) g/cm3 and dentin less than 2.8 g/cm3.
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Fig.l Fig.2 Fig.3

The EPR spectra were recorded at T=300K by spectrometer PS-100.X (produced in
Minsk, Belarus) and by other spectrometers of X-band. The irradiation of samples were
performed using isotopes Co-60 and X-ray tubs. The heating of samples were made in
muffle furnace in air atmosphere.

3. Experimental results

As a rule in non irradiation samples of tooth enamel only so called background signal Rt

from organic radicals can be registered. At irradiated samples signal from radiation centers
can be registered as well. Fig. 1 represents typical EPR spectrum from tooth enamel. This
spectrum is related to the sample irradiated to dose about 1 Gy. The parameters of
background and radiation signals were described in a number of papers [1-3]. The Rj signal
have asymmetric shape and line width about 0.9 mT. Its g factor is equal approximately to 2
.0045. The radiation signal can be described by axial g tensor with principal values
g1=g2=2.002 and g3=1.997.

We will term radiation centers Ry centers. Radiation signal Ry is superposition of signals
from CO-2, CO3-3 and other radicals. It is important to underline that Ry centers are mainly
connected with carbonate groups. It can be proved by registration of week signals which are
connected with magnetic C-13 isotope. This doublet signal (with hyperfine splitting roughly
18 mT) have intensity approximately 1% from intensity of the main signal.

Tooth enamel, as well as other minerals of biological origin, is very textured system. So
EPR signals in tooth enamel have anisotropy at rotation of the sample in magnetic field. Fig.
2 represents EPR signal of the plate of tooth enamel (irradiated to dose about 12 Gy) at
orientation of magnetic field B parallel to axis p. In article [12] the effects of anisotropy of
EPR signals in tooth enamel and effect of reorientation crystallites of hydroxyapatite at the
heating of sample were described in detail.

We have established that this reorientation effect and effect of anisotropy of EPR signals in
tooth enamel depend on metamorphic modifications and have correlation with disease of
teeth. The power of texturing of tooth enamel can be described by texturing coefficient
Kt=I2/I]. Where I, and I2 are intensity of EPR signals of Ry centers, for which g factor value
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corresponds to g3 and g2 at the orientation of magnetic field B along p axis, see Fig.2. These
date were found for samples of sound enamel Kt=(0.9-1.0), but for enamel from carious
teeth ^=(0.5-0.6). It is interesting to underline that for diseased teeth the value of Kt

decrease not only for affected part, but for all parts of diseased teeth. In samples from
carious teeth the reorientation effect at heating of samples is reduced because the power of
texturing for diseased teeth is decreased as well.

Fig.3 is shown EPR signal from R, centers in powder sample irradiated by dose about 10

Gy. The shape of this signal can be described by coefficients of shape kjj = Ij / Ij, here i,j =

1,2,3 and Ij, Ij are intensity of EPR signal in points 1,2,3 , see Fig.3. For typical signal

represented at Fig.3 k,2=2.34, k,3=2.17 and k32=1.08.
We have established that coefficients of shape for radiation signal in tooth enamel depend

on type of teeth dose irradiation, microwave power, time and temperature of heating. For
carious teeth the coefficient k12 decreased and k13 increased and can be equal k12=(0.6-0.8),
kl3=(2.5-3.0).

We have studied dependence intensity of EPR signals from R^ centers versus the time of
heating of the sample at different value of temperature. It was established that there is
distribution of the centers with different half-life time. For example at T=430 K
approximately 20% of centers have half-life about 100 min. and at T=450K approximately
40% centers about 70 min.

4. Discussion

It is well known that tooth enamel contains (95-97)% of mineral substances, (2-3)% of
organic substances and approximately the same amount of water. Mineral substances are
represented mainly by hydroxyapatite, by carbonate hydroxyapatite and by other minerals
with similar structure. Mineral substance consists of individual microcrystals - crystallites
with size from dozens to hundreds nanometers [8,9]. Crystallites are separated by thin water
organic interlayers and they are grown epitaxialy on these interlayers. Since the size of
crystallites is small , the surface energy is essential in total energy of crystallites. Thus
organic matrix controls, via surface energy of crystallites its properties as well as the
properties of biomoneral as a whole [7,8].

We have assumed [7,8] that the properties of radiation centers R. in different type of
crystallites and crystallites with different size are different. The above mentioned
experimental result and other experimental results described in papers [ 8,12] can be
explained from this point of view.

As far as properties of crystallites and correspondently radiation defects are controlled by
water-organic matrix, changing properties of this matrix cause to changes in system of
radiation defects in tooth enamel. Changing the properties of organic matrix can take place
at heating of the sample, at metabolism and at diseases of teeth. The degree of regulating of
crystallites for diseases teeth is reduced. It lead to decrease of the texture coefficient k,
accordingly to the above described data. It is obvious that at disease and metamorphic
modification of teeth amorphisation of crystallites take place. Because the component 3 in
EPR spectrum of R^ of centers (see Fig.3) is more exiting by spin-orbital interaction, it lead
to reducing of this very component of spectrum in carious teeth and increase
correspondently the k]3 coefficient.
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It is known that in case of teeth disease essential changes of chemical composition,
dimensions, orientation and other properties of crystallites in tooth enamel take place. In
carious teeth the quantity of carbonates groups can increase from 5% to 15%. Since the
radiation defects in tooth enamel used for dose reconstruction, are associated with
carbonate groups and the properties of crystallites are changed at disease of teeth, tooth
enamel can not save information about its radiation history at deep metamorphic
modification.

At metabolism and modifications of tooth enamel its radiation sensitivity and the shape line
of R, and R[ centers can change as well. The latter, in particular, create difficulties at
computer processing of experimental spectra.

As far as the teeth used for EPR dosimetry, as a rule, are extracted for medical reasons and
if a lot of time passed after irradiation (as in case of Chernobyl accident) it is necessary to
conduct additional investigations of dose reconstruction by tooth enamel.
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