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a b s t r a c t

The thermoluminescent (TL) signal of biominerals was studied up to 400 �C. The glow curves present TL
peaks at w140 �C and 300 �C in the pellets (with Teflon) of coral reef, oyster shell and mother-of-pearl.
The TL response to gamma radiation was found to be linear in the dose range of 10 Gy to 10 kGy, and the
optically stimulated luminescence (OSL) response showed an increasing behavior in function of absorbed
dose too. The TL lower detection limits of these materials were around 1.2 Gy, and the TL response
reproducibility was 4.5%. The materials show a potential use for high dose dosimetry.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The study of the dosimetric properties of materials such as
biominerals and coral reef samples has shown that they present
good properties as promising materials for ESR dosimetric appli-
cations (Hassan and Sharaf, 2005; Sharaf and Hassan, 2004). These
materials may be of interest for radiation dosimetry in radiopro-
tection, medical diagnoses and nuclear medicine, and also for
geological applications, such as dating. Different silicates have been
studied by the Radiation Dosimetry Group of IPEN with results for
application for high doses (Melo et al., 2007; Souza et al., 2007;
Teixeira et al., 2008a,b).

Mother-of-pearl, oyster shell and coral reef are biominerals
synthesized by bacterials inwhich composition almost 50% is water
and organic materials. The thermoluminescent (TL) signal is
dominated by isovalent ions e.g. Mn2þ (Anderle et al., 1998) and
CO3�

3 formed by holes trapped at impurities, and the electrons are
trapped at dislocations (Ikeya, 1993) and the high temperature
peaks are correlated with SO�

2 (Engin et al., 1999).
The main compound of these biominerals is calcium carbonate

(CaCO3), which is found in three microsystalline forms: calcite
(rhombohedral), aragonite (orthorhombic), and vaterite (ortho-
rhombic) (Ikeya, 1993; Hossain et al., 2009), although the calcite
form is the most stable among the three forms. The TL measure-
ment of aragonite is restricted to temperatures above 300 �C,
because it is transformed into calcite between 300 �C and 400 �C

(Balmain et al., 1999). Among the constituents of the biogenic
samples, there are traces of Mn2þ, Pb2þ, Ce3�, (UO2)2þ, Dy3þ, Sm3þ,
Tb3þ, Ndþ3, Eu3þ, where Mn2þ and Pb2þ are responsible for the
luminescence of calcite (Marfunin, 1979). Many of TL emissions in
calcite are dominated by peaks at approximately 100 �C, 270 �C and
340 �C, and they are thought to be associated with a Mn2þ defect
(Krbetschek et al., 1997) that acts as a recombination center
(Medlin, 1963).

Some biogenic calcites for luminescence dating have been dis-
cussed by same researchers. In a recent study, Duller et al. (2009)
suggested that biogenic calcites may be utilized as dosemeters for
luminescence dating, showing that they present an increasing TL
response up to high doses.

In the present work, the dosimetric thermoluminescent prop-
erties of gamma induced centers in marine coral reef, oyster shell
and mother-of-pearl samples were determined and compared.

2. Materials and methods

The samples of coral reef, oyster shell and mother-of-pearl (or
nacre) materials were powdered and sieved, retaining the
177 mme74 mm size fraction. The powder was mixed with Teflon in
a proportion of 2:1, at nitrogen temperature, to ensure the homo-
geneity in themixing process. Pellets with 20mgwere sinterized at
300 �C/1 h and 400 �C/1.5 h, and kept in the environment until the
TL measurements were performed (Fig. 1). For reutilization, the
pellets and the powder samples were thermally treated at 300 �C/
1 h. All samples were irradiated at room temperature using a 60Co
panoramic source of the Center for Radiation Technology/IPEN. For
the TL fading study of all samples, they were previously irradiated
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and evaluated in intervals of one day and after a week. The TL
measurements were taken using a Harshaw Reader TL, model 3500,
in the range from 50� to 400 �C. All TL measurements were
obtained with a linear heating rate of 10 �C/and in nitrogen
environment.

The OSL measurements were taken using a homemade system,
with blue and green leds in a continuous mode. The system has
a discriminator that allows the adjustment of the gain of the pho-
tomultiplier, keeping them for a good signal-noise ratio.

Fig. 1. 1a, 2a, 3a: natural mother-of-pearl (bracelet), coral reef and oyster shell
(bracelet); 1b, 2b, 3b: same materials in powder form; 1c, 2c, 3c: same materials in
pellets form.
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Fig. 2. TL glow curves of the biominerals in form of pellets (a) and powder (b) samples
irradiated with 60Co (500 Gy).
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Fig. 3. OSL and TL doseeresponse curves for mother-of-pearl (a), oyster shell (b) and
coral reef (c) in pellet form.
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3. Results

The thermoluminescent emission curves of the coral reef, oyster
shell and mother-of-pearl pellets and of powder samples are pre-
sented in Fig. 2. The TL peak temperatures in the glow curves are
around 150 �C and 300 �C for all samples with Teflon. All powered
samples showed TL peaks around 140 �C and only the coral reef
samples showed a low TL peak at 330 �C. The well defined TL peak
of 300 �C of the mother-of-pearl pellets is very probably due to
Teflon, which may show TL response for such high doses.

Fig. 3 shows the TL and OSL doseeresponse curves of the bio-
minerals at room temperature over a range from 10 Gy to 1 kGy. The
doseeresponse curves suggest an initial linear function, with
a tendency to supralinearity and saturation. The maximum stan-
dard deviation for the dose-response curves was 5.8% for the
mother-of-pearl samples.

The Teflon used as binder and the preparation of samples may
have caused the dislocation of the TL peak to 200 �C. The TL fading
was determined at samples irradiated in the dose of range 200 to
2 kGy; after 35days, a fading of 55.0% was observed for mother-of-
pearl samples, 66.6% for oyster shell samples and 29.5% for coral
reef samples.

These fading values are certainly due to the low temperature TL
peaks. The maximum standard deviation was 4.5% for TL
measurements. The OSL measurements show an increasing
response in function of dose, although reaching the saturation in
doses of 200 Gy for oyster shell sample, and 1 kGy for coral reef and
mother-of-pearl samples.

The lower detection limits for the samples using TL and OSL
techniques can be seen in Table 1.

A neutron activation analysis of these materials was provided by
the Radiochemistry Department of IPEN, and it showed mainly
elements of Ca, U, Fe and Zn (Table 2).

4. Conclusions

Although the neutron activation analysis did not detect the
presence of Mn2þ or Pb2þ that are the main activators of the TL
signal as suggested by other researchers, activators as Ce and U
were found and may be responsible for the thermoluminescent
signal in this case.

The preliminary results of the studies with mother-of-pearl,
oyster shell and coral reef samples in this work show the possi-
bility of their use for high dose dosimetry using the TL and OSL
techniques.
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Table 1
TL and OSL characteristics.

Sample Mother-of-pearl Oyster shell Coral reef

TL Lower limit detection
(m Gy)

400 500 600

Fading (35days) (%) 55.0 66.6 29.5
Reproducibility (%) 4.5

OSL Lower limit detection
(Gy)

1.2 1.0 1.5

Table 2
Neutron activation analysis of the biominerals.

Elements Mother-of-pearl Oyster shell Coral reef

34.2 � 3.2 33.7 � 3.2 32.0 � 3.0
U (mg/kg) 3.08 � 0.17 0.101 � 0.003 0.102 � 0.003
La (mg/kg) 0.41 � 0.02 0.051 � 0.001 0.0049 � 0.010
Ce (mg/kg) 1.17 � 0.02 <0.05 0.223 � 0.001
Cr (mg/kg) 0.405 � 0.011 0.247 � 0.007 0.354 � 0.010
Ba (mg/kg) 50 � 1 3.31 � 0.01 1.67 � 0.05
Fe (mg/kg) 41.1 � 0.2 <7 21.6 � 0.1
Zn (mg/kg) 5.6 � 0.5 5.5 � 0.4 8.5 � 1.5
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