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1. Introduction 
 

Cowrie shells are naturally occurring biomaterials widely found in nature and commonly used in jewelry 

and decorative artifacts [1,2,3]. Composed primarily of calcium carbonate (CaCO₃), these materials have 

attracted interest in radiation dosimetry, as they exhibit luminescent properties when exposed to high doses 

of ionizing radiation [4], enabling the quantification of absorbed dose through techniques such as 

thermoluminescence (TL). EPR spectroscopy has been employed in the dosimetric characterization of 

biomasses, due to its ability to identify and quantify radiation-induced paramagnetic centers. In these 

materials, irradiation promotes the formation of stable radicals, such as CO₂⁻ and CO₃⁻, whose EPR signals 

exhibit intensity proportional to the absorbed dose [5,6,7,8,9]. 

In this context, the present study aims to characterize the dosimetric responses of cowrie shell samples of 

the species Cypraea tigris (T), Cypraea annulus (A), and Cypraea moneta (M), through 

Thermoluminescence (TL) and Electron Paramagnetic Resonance (EPR) techniques, evaluating the 

stability of the detected signals and the potential of this natural biomaterial as an alternative material for 

high-dose radiation dosimetry applications. 

 

2. Methodology 
 

The cowrie shells samples were broken, dried, and ground using a ceramic mortar and pestle, and the 

resulting powder was sieved to 75 µm and calcined at 300 °C. The powders were then weighed on an 

analytical balance and mixed with PTFE (Teflon) in a 1:1 mass ratio. The mixture was cooled to −5 °C 

for 1 h and pressed at 0.5 ton for 1 min, producing pellets. The pellets were sintered in a furnace at 400 

°C for 1 h, followed by rapid cooling to room temperature. TL measurements were performed were 

performed using a Risø TL/OSL DA-20 reader with a heating rate of 5 °C/s up to 400 °C, using a Hoya 

U-340 optical filter (260–400 nm) and a Schott BG39 filter (400–600 nm). A 0.05 cm diameter collimator 

was employed to prevent signal saturation at high doses. EPR measurements were performed at room 

temperature using a Bruker EMXPlus, operating in the X-band.  

For EPR measurements, the powder samples were weighed and placed in quartz tubes. The main EPR 

parameters are presented in Table I. 
Table I: EPR parameters. 

Parameter Value Parameter Value 

Microwave Frequency 9.847 GHz Microwave Power 1.002 mW (23.0 dB attenuation) 

Center Field 3500.0 G Sweep Width 1000.0 G 

Modulation Amplitude 1.000 G Modulation Frequency 100.00 kHz 

Gain 30 dB Conversion Time 5.00 ms 

Time Constant 0.01 ms Sweep Time 50.00 s 

Number of Scans 10 Resolution 10,000 points 
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3. Results and Discussion 

 

3.1 TL emission curves with Schott BG39 filter. 

Figure 1 presents the TL emission curves obtained from pellets of samples T, A, and M irradiated at 5 

kGy, using the Schott BG39 filter, which exhibits transmittance in visible region. Upon examination of 

the emission curves, it can be observed that the TL emission of all samples displays well-defined peaks, 

with the principal emission occurring between 160–190 °C and a third peak at approximately 370 °C, with 

sample A exhibiting the highest luminescent intensity. This behavior may suggest the presence of multiple 

emission centers with distinct trap depths and different recombination mechanisms. 

. 
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Figure 1: TL emission curves of samples T, A and M irradiated with 5 kGy (gamma radiation) using the 

Schott BG39 filter. 

3.2 Deconvolution of the TL emission curves. 

Figure 2, 3 and 4 presents the deconvolution of the TL emission curves of samples T, A, and M irradiated 

with 5 kGy (gamma radiation) using the Hoya UV-transmittance filter. All samples exhibited three peaks: 

the first corresponding to less thermally stable trapping centers, the second to more stable centers, and the 

third, of lower intensity, to deep traps requiring greater thermal stimulation. Peak temperatures and 

goodness-of-fit coefficients were as follows: sample T at ~173, 191, and 360 °C (R² = 0.99967); sample 

A at ~158, 186, and 345 °C (R² = 0.99942); and sample M at ~170, 250, and 366 °C. 
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Figure 2: Deconvolution of the TL glow curves of sample T irradiated with 5 kGy. 
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Figure 3: Deconvolution of the TL glow curves of sample T irradiated with 5 kGy. 
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Figure 4: Deconvolution of the TL glow curves of sample M irradiated with 5 kGy. 

3.3 EPR signal of unirradiated samples. 

Figure 5 presents the EPR spectra of the unirradiated samples T, A, and M, recorded to characterize 

intrinsic paramagnetic centers and establish baseline signal intensities prior to irradiation. Since cowrie 

shells consist essentially of calcium carbonate (CaCO₃), the experimental parameters were based on 

literature references. The spectra are expected to reveal signals near g ≈ 2.0, characteristic of the CO₂⁻ 

radical — the dominant species in biogenic aragonites under the studied conditions — alongside possible 

contributions from CO₃⁻ and NO₂⁻ impurities [10,11]. The presence of Mn²⁺ ions is also anticipated, as 

these are commonly found in CaCO₃-based biomaterials and produce a characteristic six-line hyperfine 

pattern near g ≈ 2.0. 
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Figure 5: EPR signal intensity of the unirradiated samples T, A and M. 
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4. Conclusions 

 

The signals observed through the EPR technique can be attributed to structural defects in the crystalline 

lattice of calcium carbonate, potentially induced by ionizing radiation. These defects give rise to 

paramagnetic centers, whereby the intensity of the obtained signal is proportional to the dose absorbed by 

the material, the fundamental basis for the high-dose dosimetric application of this material. 
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