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ABSTRACT
The hydroxyapatite, the principal mineral component of the bone and tooth enamel, is one of the dosimetric
materials that has distinguished itself in the high dose and accidents dosimetry, as well as in the dating, for the
Electrón Paramagnetic Resonance (EPR) technique. For this reason, the hydroxyapatite could also be used as
Thermoluminescence (TL) and Optically Stimulated Luminescence (OSL) dosimeter in the dosimetry of high
doses and accidents, and also in the archaeological and geological dating. This work presents a brief study of the
TL and OSL behaviour of the B type synthetic carbonated hydroxyapatite, observing the possibility to use this
material in TL and OSL dosimetry. The samples were irradiated to a dose of 100 Gy and 1000 Gy, and the TL
and OSL measurements were obtained by the RISO TL/OSL reader, model TL/OSL-DA-15B. The first results
demónstrate the presence of three peaks in the TL glow curve in the temperatures of 100°C, 150°C and 280°C.
The synthetic carbonated hydroxyapatite also presents an OSL signal when the sample is stimulated with blue
light and a small OSL signal for stimulation with infrared light (IR). These results indícate the possibility of this
synthetic carbonated hydroxyapatite to be used as dose indicator material using the TL and OSL techniques.

1. INTRODUCTION
When ionizing radiation emitted from natural and artificial source interacts with matter it
deposits some of its energy in the crystal lattice of materials. The energy is stored in the form
of charges trapped at meta-stable defects in the gap between the valence and conduction
bands. The absorption of light in OSL and heating in TL leads to ejection of the charges into
the conduction band. Subsequently, luminescence is emitted as a result of recombination of
the de-trapped charges with holes in the band-gap. Stimulated luminescence dosimetry
methodologies, both TL and OSL, are based on the assumption that the total luminescence
emitted is proportional to the absorbed dose of radiation to which the material was exposed.
The hydroxyapatite [Ca10(PO4)6(OH)2] is the principal mineral component of the bone and
tooth enamel (biological apatite). Hydroxyapatite changes structure by replacing both cations
(Ca+2) and amons (P0 4 - 3 and OH") In the case of tíe carbonate lons impurrües (COs"2),
these ions substitutos the P0 4 - 3 lons and/or OH" tons m hydroxyapatite lattice [1], creatmg
the B-type carbonated hydroxyapatite and the A-type carbonated hydroxyapatite respectively
In the last years, the hydroxyapatite has been one of the dosimetric materials more studied
and used in the high dose and accidents dosimetry, as well as in the dating, by the technique
of the Electrón Paramagnetic Resonance (EPR). For this reason, the hydroxyapatite could
also be used as Thermoluminescence (TL) and Optically Stimulated Luminescence (OSL)

dosimeter in the dosimetry of high doses and accidents, and also in the archaeological and
geological dating.
Due to crescent necessity of biomaterials to implants in bones and teeth, the synthetic
hydroxyapatite has been produced in the laboratory.
In agreement with previous investigations [2], synthetic hydroxyapatite irradiated with X rays
in the room temperature presented two TL peaks in the temperature of 110°C and 150°C with
heatmg rate of the sample of 20°C.min-1. o L r recent works also mention the presence of TL
and OSL signal in synthetic hydroxyapatite [3-10].
The synthetic carbonated hydroxyapatite used in this work was the one of the B-type once
your composition is the closest of the composition of the tooth enamel [11].
This work presents a brief study of the TL, Blue-OSL and IRSL behaviour of the radiation
dose response of the B-type synthetic carbonated hydroxyapatite, observing the possibility to
use this material in TL and OSL dosimetry.

2. EXPERIMENTAL PROCEDURES
2.1. Synthetic Carbonated Apatite
The synthetic carbonated hydroxyapatite used in this work was the one of the B-type once
your composition is the closest of the composition of the tooth enamel [11]. The synthetic Btype carbonated hydroxyapatite used were produced in the Laboratory of Bioceramics
MaterialsoftheCBPF and presents a molar ration (Ca/P) of 2.14 anda carbonate content
(0/0CO3-2) of 14.150/c. The carbonated hydroxyapatite was synthesized at 80°C and pH 10.
With the assistance of a peristaltic pump (flow = lOOml/h), 250ml of (NH 4 ) 2 HP0 4 0.06M
solution containing (NH 4 ) 2 C0 3 were added to 250ml of Ca(N0 3 ) 2 0.10M solution (glycerin
bath)undermagneticstirring[9]. After addition, the mixture was kept under agitation for
two hours more. The B-type carbonated hydroxyapatite structure and Ca/P ration have
been characterized by X-Ray Diffraction (XRD) and Induced Coupled Plasma (ICP)
respectively.

2.2. Samples Preparation and Irradiation
The hydroxyapatite piece was crushed and grains of dimensions 7 5 - 1 5 0 (im were selected
and later the powder was pressed with PTFE to form tablets of 3 mm of diameter and 0.5 mm
of height and mass of 10 mg. The samples were irradiated with beta radiation to a dose of
100 Gy and 1000 Gy from the 90 Sr/ 9 V source, with the dose rate of Kerma in the arr of
76.0 mGy/s.
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2.3. TL and OSL Measurements
The TL, OSL and IRSL measurements were obtained by the RIS0 TL/OSL reader, model
TL/OSL-DA-15B, in The Laboratory of OSL Dosimetry of The Institute of Radioprotection
and Dosimetry (IRD/CNEN). All the measurements were accomplished at room temperature
(25°C) and in the inert atmosphere of nitrogen. The TL glow curve was obtained for a
máximum temperature of 300°C due to presence of PTFE in the tablet and with heating rate
of 5-C.min-1. In the OSL measurements, infrared (IR) strmulation was performed usmg 21 IR
LEDs with enussion centered at 870 nm and 130.5 mW/cm2 mcident power on the sample,
while blue stimulation was performed using 28 blue LEDs with emission centered at 470 nm
and 45 mW/cm2 incident power. All the times of stimulation were of 40 seconds.

3. RESULTS
3.1. TLResponse
Figure 1 shows the TL glow curve of the synthetic carbonated hydroxyapatite for the dose
valúes of 100 Gy and 1000 Gy. It is seen that the ionizing radiation (beta particles) induces a
TL signal whose intensity is increased with the dose valué.

Figure 1. The TL glow curve of the synthetic carbonated
hydroxyapatite for the dose valúes of 100 and 1000 Gy.
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The TL glow curve of the hydroxyapatite is constituted of three peaks at temperatures around
100°C, 150°C and 280°C, presents in both dose valúes.
These peaks can be better seen in figure 2 that presents simulation of the TL glow curve and
your deconvolution for the dose valué of 1000 Gy. Figure 3 shows the TL simulated curve
and your deconvolution for the dose of 100 Gy. The simulation and deconvolution of the TL
glow curve were performed by the GlowFit software. This software is based on the first-order
kineticsmodel[12].

Figure 2. The simulated TL curve and your deconvolution for the
dose valué of 1000 Gy.

The presence of these peaks in the temperatures of 100°C, 150°C and 280°C are in agreement
with the temperature valúes found in the works published in the literature, as for examples in
the works of Fukuda et al. [2] and Mendoza-Anaya et al. [5].
In TL dosimetry, the peaks typically used are the peaks of high temperatures (above 200°C),
since they have higher thermal stability, and the peaks with higher intensity. Therefore, the
280°C peak may be used for TL dosimetry, as seen in figures 2 and 3.
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Figure 3. The simulated TL curve and your deconvolution for the
dose valué of 100 Gy.

3.2. OSL and IRSL Responses
The OSL decay curves it can be seen in figures 4 and 5 for the dose valúes of 100 Gy and
1000 Gy, respectively. Figure 6 shows the IRSL decay curves for the same valúes of dose.
Figures 4, 5 and 6 shows that the OSL signal when stimulated by blue light, is greater than
the signal stimulated by infrared light, for the same valúes of dose. Also, it can be seen that
the IRSL signal to the dose valué of the of 100 Gy is indistinguishable from background,
defrned here as the count rate of blue stimulating photons scattered from an undosed sample
(37 ± 5 counts/s). This implies that the photo-efficiency in inducing recombination depends
on the energy (wavelength) of stimulating photons in the synthetic carbonated
hydroxyapatite. For this reason the OSL's decays of luminescence are better than that of
IRSL and therefore this synthetic carbonated hydroxyapatite can be used in OSL dosimetry
when the stimulus is light blue.
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Stimulation Time (s)
Figure 4. The OSL decay curve for the dose valué of 100 Gy.

Stimulation
Figure 5. The OSL decay curve for the dose valué of 1000 Gy.
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Figure 6. The IRSL decay curves for the dose valúes of 100 Gy
and 1000 Gy.

4. CONCLUSIONS
It is seen that the ionizing radiation (beta partióles) induces a TL signal whose intensity is
increased with the dose valué.
The TL glow curve of the hydroxyapatite is constituted of three peaks in the temperatures of
100°C, 150°C and 280 °C, presents in both dose valúes and the presence of these peaks are in
agreement with the temperature valúes found in the works published in the literature.
The 280°C peak is the peak with higher temperature (above 200°C) and more intense in the
TL glow curve, therefore this peak may be used for TL dosimetry.
The OSL signal when stimulated by blue light is greater than the signal stimulated by infrared
light, for the same valúes of dose. This implies that the photo-efficiency in inducing
recombination depends on the energy (wavelength) of stimulating photons in synthetic
carbonated hydroxyapatite. Therefore this synthetic carbonated hydroxyapatite can be used in
OSL dosimetry when the stimulus is blue light.
These results indícate, preliminarily, the possibility of this synthetic carbonated
hydroxyapatite to be used as dose indicator material using the TL and OSL techniques.
However, it is necessary a larger study of the synthetic carbonated hydroxyapatite features,
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such as the dependence of TL and OSL signáis with the dose valué and the fading
characteristics.
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