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Abstract Some aspects of retrospective dosimetry with tooth enamel and quartz
have been considered. Firstly, the experimental and theoretical investigation had
been carried out concerning influence of secondary electron equilibrium on the
absorbed dose in enamel under the laboratory irradiation. The irradiation had been
made with photons of energy 1.25 MeV, 662 and 100 keV. It is demonstrated that
the influence of secondary electron equilibrium on the absorbed dose in enamel
does not exceed few percent. Secondly, some of paramagnetic centers of enamel
different from CO2" ones have been researched by using of the thermoactivation
technique. The enamel for this experiment had been carefully purified from organic
components and then irradiated following annealed to consecutively increasing
temperature. It was established that at least four of EPR centers of enamel possess
radiation sensitivity and could be used for dosimetry purposes. Thirsty, it was
performed a thorough investigation of the influence of different stages in quartz
separation and purification with respect to obtaining of samples for TL-dosimetry.
The optimal procedure has been developed.

1. Introduction

One of the main problems that are founding in the retrospective dosimetry with teeth and
quartz is the correct determination of low level accident doses. Solving of this problem is
possible in two ways. It may be reached by refinement of steps of existing techniques or
development the techniques based on the new principles. Concerning of first way the
present work had deal with well-known EPR-dosimetry tooth enamel and TL-dosimetry
quartz inclusion techniques. The refinements could be made either in preparation of samples
(better purification of the enamel and quartz samples) or in the laboratory irradiation of
samples (simpler conditions of additional irradiation with more accuracy). Concerning of
second way the possibility of application of some new paramagnetic centers in enamel to the
aims of retrospective dosimetry has been investigated.
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2. Retrospective individual EPR-dosimetry technique with tooth enamel.

2.1. Additive laboratory irradiation of the tooth enamel samples in the EPR-dosimetry
technique.

The determination of individual sensitivity of tooth enamel to gamma-radiation is one of the
most important stages of the EPR-dosimetry technique with tooth enamel. This gives a
possibility to convert from the EPR signal intensity to the dose absorbed in the enamel
sample. The method of additive dose is used for this purpose and an enamel sample under
investigation is irradiated with calibrated doses under the laboratory condition. It is needed
to reproduce the conditions of teeth irradiation in vivo as adequately as possible. This is
achieved by a choice of appropriate photon energy and geometry of irradiation. The
influence of the first factor on the magnitude of the radiation EPR signal of enamel is not
substantial for energy more than few hundreds keV; because of this, the Cs-137 or Co-60
sources of photons are most often used.

Regarding the irradiation geometry, Shimano et al. [1] had investigated influence of
the phenomena of secondary electron equilibrium on the absorbed dose in enamel. The
problem lies in the fact that the teeth in vivo are irradiated under the condition of secondary
electron equilibrium since they are located behind the soft tissue (behind cheek). In the
laboratory such equilibrium had been reached by the location of tooth between two plates of
polymethyl methacrylate (PMMA) with effective atom number close to the one of the
human tissue.

In the present work an experimental and theoretical investigation had been carried out
concerning influence of secondary electron equilibrium on the absorbed dose in enamel
under the laboratory irradiation of fine-grained tooth enamel samples which is commonly
used in the retrospective dosimetry technique while determination of individual radiation
sensitivity of enamel. The equilibrium of secondary electrons is achieved by using the
PMMA plates with different thickness and different geometry. The irradiation had been
made with photons of energy 1.25 MeV (Co-60), 662 keV (Cs-137) and X-ray with
effective energy 100 keV. The Monte-Carlo method had been used for simulation of
corresponding irradiation geometry. A contribution to total dose from the absorption of
scattering photons had been taken into account. It is demonstrated that if enamel samples
consist of the grains with a characteristic dimensions 1 mm or less, the influence of
secondary electron equilibrium on the absorbed dose in enamel does not exceed few percent
while irradiating these samples under the laboratory conditions in the EPR-dosimetry
technique.

2.2. An investigation of radiation properties of thermoactivated EPR-centers of tooth
enamel.

At present, tooth enamel retrospective dosimetry bases on the radiation properties of EPR-

signal from the CC>2' centers. The reconstruction dose technique based on these centers

usually assumes measurement of EPR spectra at ambient temperature. In this case a special

control takes place so that the temperature does not exceed 60-80 °C in the process of the

sample preparation for measurement of spectra (this is related to the lifetime of CO2"

centers). At the same time it is known that the tooth enamel contains some number of

paramagnetic centers differing from CO2", which appears at the time of the enamel heating
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to the fixed temperature. Some of these centers have radiation sensitivity and could be used
for dosimetry purposes.

In the present work the research of the radiation properties of the tooth enamel EPR
signals have been performed by using of the thermoactivation technique. The enamel for
investigations had been obtained as a result of the mixing of few tens of unirradiated teeth.
The separation of enamel from dentine and its purification from contamination and carious
parts have been conducted by a chemical method by putting of tooth parts into the alkali

solution with simultaneous influence of the ultrasound and enhanced (60 °C) temperature.
The pure enamel has been crushed into 0.1-0:25 mm grains and weighed out to the 80 mg
aliquots. The samples had been irradiated in the range from 0 to 200 Gy. Then the samples
had been annealed to consecutively increasing temperature in the range from ambient

temperature to 850°C. After each annealing, the recording of the EPR spectra of the enamel
sample has been performed. It has been found as a result of the decomposition of acquired
spectra that enamel contains at least four different radiation induced paramagnetic centers in
the region of g-factor 2.0. Concerning 3 centers from them we did not find any mention in
the special literature. The above-mentioned centers become apparent in the irradiated

enamel samples after their annealing to 140 C temperature or more. The temperature and
dose characteristics these centers had been investigated.

3. The retrospective dosimetry of environmental objects with thermoluminescence of
quartz.

3.1. Preparation of Pure Quartz Samples for TL-Dosimetry

Quartz is known to be the mineral, in which the TL-emission occurs within a characteristic
temperature range, and in certain limits, the intensity of the emission appears to be
proportional to the accumulated dose. For this reason, quartz-containing materials that are
annealed at high temperature in course of manufacturing (e.g., bricks and ceramics), can be
used as TL-dosimeters.

Currently, methods of TL-dosimetry of quartz including both high-temperature and
more sensitive predose methods, have found widespread application. Most features of
separation of quartz from quartz-containing materials have already been studied. The whole
procedure usually includes the stages of crushing and sieving a demanded fraction of rough
material, magnetic separation (in order to remove magnetic admixtures), and treatment of
samples with a concentrated solution of HF. Sometimes, floatation is used instead of
magnetic separation.

It should be noted, however, that there are many problems in each of the mentioned
stages, and our ability to handle those problems will finally determine the correctness of the
dose determination. For example, in order to crush bricks, it is preferable to use a press
versus a mortar, since in the latter case some additional TL-peaks may arise on the curve
due to mechanical generation of luminescence centers. The average size of grains in a sieved
fraction and the method used for separation of quartz and removal of impurities are also of
importance. Our experience allows us to conclude that it is not enough to perform a single
act of magnetic separation before treatment of samples with HF, since the etching releases
insoluble impurities fused into quartz grains. Therefore, additional purification is needed.

We have performed a thorough investigation of the influence of different stages in
quartz separation with respect to the suitability of obtained samples for predose TL-
dosimetry. The optimal procedure looks as follows: the core of a brick is cut off with a
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diamond saw and crushed up with a mechanic press. The fraction of 0.1 to 0.25 mm size is
sieved out, poured with a solution of hydrochloric acid (1:6), and left over a period of a few
hours (usually, over a night). This ensures the dissolution of carbonates, and, in part,
feldspars. Then, using a rubber pestle, quartz particles are separated from slurry that is
washed off by a large amount of water. Then, wet quartz samples are subjected to the
treatment with concentrated solution of hydrofluoric acid for a few minutes, rinsed with

distilled water, ethanol, and dried at 80°C. To remove some minerals, which are insoluble in
acid solutions, the samples are placed into a sodium polytungstate solution of density 2.70-

2.75 g cm" , where quartz grains float, whereas heavier impurities sink. After the floatation,
quartz is washed with water, ethanol, and dried once again. Then, under a microscope
(magnification to some tens), colored and cracked grains are removed. Grains of pure
quartz are colorless and transparent. All procedures described above should be conducted in
red light in order to avoid bleaching of the TL- peaks.
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