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Abstract 

Luminescence properties such as radioluminescence, thermoluminescence and optically stimulated 

luminescence have been studied on natural sodium chloride (NaCl) for dosimetric purposes in 

retrospective dosimetry [Timar-Gabor et al., 2013; Druzhyna et al., 2016]. In this work, the optically 

stimulated luminescence (CW-OSL) emissions of natural salt minerals, collected from Dead Sea in 

summer of 2015, were studied. The CW-OSL dose response of natural salt was analyzed in the range 

between 0.2Gy and 10Gy gamma dose of 
60

Co. Samples exposed at 3Gy exhibited good repeatability 

whit a variation coefficient of 4.6%. The thermal stability of the CW-OSL response was analyzed to 

different temperatures from 50°C up to 250°C using a heating rate of 5°C/s. The results showed that 

the natural Dead Sea salt minerals could be applied as natural dosimeter of gamma radiation. 
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1.- INTRODUCTION 

 

The luminescence emissions of natural (halite) and synthetic NaCl (pure and doped) 

minerals have been extensively studied due to their radiation sensitivity and have TL and 

OSL properties for applications in retrospective dosimetry, geological dating and 

identification of irradiated food [Spooner et al., 2012; Bailey et al., 2000; Zhang et al., 

2005; Cruz-Zaragoza et al., 2006; Fuochi et al., 2008]. In this sense, Hunter et al., [2012] 

investigated the emission spectra, using thermoluminescence of commercial salts from 

Australia, Europe, Asia and America. They found that the most samples presented strong TL 

emissions at 590nm and proposed the NaCl as an adaptable retrospective dosimeter with the 

restriction of use samples without exposure to daylight, due to that approximately 90% of 

the peak at 260°C was bleached after 10min of exposure to light. However, Druzhyna et al., 

[2016] observed in Israeli NaCl samples an optical bleaching of the TL intensity of around 

30% for one day of exposure. On the other hand, the optically stimulated luminescence 

(OSL) response of natural halite presented several effects which must be considered for the 

use of these minerals as retrospective and accident dosimeter in radiological events. Such 

effects are: the appearing of anomalous fading, sensitivity changes caused by thermal and 

optical influence, regeneration of the OSL intensity effect, caused for subsequent OSL 

readouts after a delay time, and strong optical bleaching conditioned the application of 

sealed samples. The optical sensitization of the CW-OSL response in halite samples was 

studied by Biernacka et al., [2016] using blue and green light for bleaching of samples after 

readout. When the samples were bleaching with blue light the sensitization of the OSL 

response was higher than observed using green light beaching. A regeneration effect for both 

types of bleaching light was also observed with maxima of OSL intensity at delay time of 

10
4
s. In this sense, Christiansson et al., [2014] investigated the CW-OSL response of four 

different brands of salt under laboratory and field conditions (light, temperature and type of 

container). It was found a variance in measurements of absorbed dose of ±7 between the 

four brands and a difference of ±15% in samples mixed in the container compared to 

samples located at the center of the container, and an inverse fading of 17-31% after 142 

days of storage. This work is focusing in determine the CW-OSL dosimetric properties of 

natural NaCl samples, collected in the Dead Sea, and exposed to 
60

Co gamma rays for its 

application as natural dosimeter. The dosimetric properties studied were dose-response in 

the range 0.2-10Gy, repeatability of the OSL signal after ten cycles of irradiation-readout 

and thermal stability from 50°C up to 230°C. In addition, structural and chemical 

characterization was performed by X-Ray Diffraction (DRX) and Energy Dispersive 

Spectroscopy (EDS).             
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2.- MATERIALS AND METHODS 

 

Natural NaCl minerals were collected, at a depth of approximately 1m in the Dead Sea lake. 

Previously to irradiation and CW-OSL analysis the NaCl minerals were kept into a beaker at 

room temperature (20-25°C) for 1 week and then they were grinding to fine powder 

carefully to avoid a spurious luminescence response. The NaCl minerals were chemically 

characterized by Energy Dispersive Spectroscopy (EDS) using a JEOL JSM-5900 with 

oxford INCA 200 detector. X-ray Diffraction (XRD) was carry out by D8-advance Bruker 

diffractometer with Cu-Kα radiation (λ=1.5406Å) for study the structural characteristics of 

the natural NaCl. The XRD measurements were taken from 10° up to 100° (2θ) with steps of 

0.0197°. Samples of approximately 10mg of natural NaCl were weighed and mounted on 

aluminum discs for 
60

Co gamma irradiation and CW-OSL luminescence study. The aliquots 

were exposed to 
60

Co gamma rays using a Gammacell-200 irradiator with a dose rate of 

0.1426Gy/min at the sample position. A custom-made OSL equipment was used to perform 

the CW-OSL decay measurements. The optical stimulation of the NaCl minerals was made 

using a Luxeon V Star blue Lambertian LED Diode, the maximum emission of the diode is 

peaked at 455±25nm and provide a luminous flux of 700mW. The current of the LED diode, 

during the sample stimulation, was controlled with a Newport laser diode driver model 

525B. Between the stimulation light and the sample two long-pass Schott GG-420 filters, at 

420nm, were placed. The luminescence emission of the stimulated sample was observed 

trough two optical bandpass filters Hoya U-340 and detected by a photon counting 

Hamamatsu H9319-02 photomultiplier tube (PMT) that cover a spectral range of 300-

850nm.      

 

3.- RESULTS  

3.1.- Sample Characterization 

 

The natural NaCl minerals were analyzed by X-ray Diffraction (XRD) and Energy 

Dispersive Spectroscopy (EDS). In Figure 1 is shown the diffraction pattern and reflection 

planes associated to NaCl structure. The NaCl minerals presented a cubic system with a 

space group Fm3m and cell parameters of a=b=c=5.6Å. These values were compared with 

diffraction patterns, R070292 and R070534 of natural NaCl minerals, obtained from RRUFF 

data base.                 
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Figure 1.- Diffraction reflection of Dead Sea Salt minerals related to NaCl structure from 

R070292 and R070534 RRUFF data base.  

EDS analyses carry out in NaCl minerals showed the presence of Sodium (Na), Chloride 

(Cl) and Oxygen (O) elements with atomic percentage (mean of 15 measurements) of 

37.88%, 46.29% and 15.82%, respectively. The incorporation of O ions could be related 

with the adding of water in the sample due to humidity environment of the sea. 

 

3.2.- CW-OSL Response 

 

Continuous CW-OSL response of natural NaCl minerals was measured using the followed 

conditions: blue light at 455nm with 497mA of current intensity and a stimulation time of 

120s.  In Figure 2 is shown the as-obtained (natural response) and irradiated (2Gy of 
60

Co) 

CW-OSL response of Dead Sea minerals. At two seconds of light stimulation the CW-OSL 

intensity decayed 58% and for 20 seconds the intensity decreased 70.3%.  After that, the 

CW-OSL intensity exhibited a slow decay up to a time of 120s. These behaviors can be 

related with three different decay components.    
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Figure 2.- CW-OSL curve decay of Dead Sea NaCl minerals as-obtained and exposed at 

0.2Gy with 
60

Co gamma rays.   

 

In this sense, the CW-OSL decay curve was fitted using three exponential decay components 

applying the equation (1) that describe a slow re-trapping and quasi stationary free electron 

density (quasi equilibrium approximation) [McKeever et al., 1997; Bøtter-Jensen et al., 

2003]:  
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where ni and Ii0 (i=1,2 and 3) are the initial trapped electron density and intensity at t=0, and 

τi is the OSL decay constant (free electron recombination lifetime) for each trap level. As is 

shown in Figure 3, the fitted exponential components decayed with a lifetime of 0.49s (fast), 

4.06s (medium) and 38.57s (slow). Also, they presented initial intensities (Ii0) of 64709.82, 

6593.97 and 1706.04, respectively.  
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Figure 3.-  Fitting curves of the CW-OSL response of NaCl minerals exposed at 2 Gy. The 

CW-OSL curve was fitted using three exponential components.  

 

On the other hand, the CW-OSL dose response was analyzed from 0.2 up to 10Gy of 
60

Co 

gamma radiation. The OSL response of each dose and reading was estimated using the first 

20 seconds of the decay curve. Therefore, the NaCl minerals showed a linear CW-OSL dose 

response range between 0.5 and 10Gy (Figure 4 upper). For study if the CW-OSL response 

is repeatable the NaCl minerals were irradiated (3Gy) and read ten times under the same 

condition. The NaCl minerals presented a good repeatability with variation coefficient of 

4.6% (Figure 4 lower).        
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Figure 4.- Dose-response CW-OSL, from 0.2 up to 10Gy (upper) and repeatability (3Gy), 

after ten cycles of irradiation-reading (lower), of the NaCl minerals.  Each point represents 

the integral of the first 20 seconds of the CW-OSL response.  

 

The temperature effect on the CW-OSL response was analyzed in preheated (10s) NaCl 

minerals from 50°C up to 250°C. The irradiated samples were heated with a rate of 5°C/s 

and optically stimulated at room temperature. The CW-OSL intensity was obtained using the 

value of first second of light stimulation less the value of last second of illumination. The 

CW-OSL intensity of each temperature represents the average of three aliquots. As is shown 

in Figure 4, the CW-OSL intensity of the NaCl samples annealed from 50°C up to 110°C 

decreased for each temperature approximately 24.6%, 49.4%, 60.6% and 79.4%. For a 

temperature range from 130°C up to 190°C, the samples exhibited a sensitivity change 

related with the activation of optical inactive traps that increased the CW-OSL intensity. 

After that, the OSL intensity decayed 97.3% for a preheated temperature of 250°C.     
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Figure 4.- Thermal stability of the CW-OSL intensity of preheated NaCl minerals. The error 

bars represent the deviation standard of the CW-OSL response of three aliquots. 

 

4.- DISCUSSION 

Dead sea halite (NaCl) minerals crystallized with oxygen saturated conditions showed the 

presence of minor traces of elements such as Ca, Mg, K, Mn, and Br. Herut et al., [1998] 

reported the chemical composition of Dead Sea minerals recollected from a depth of 40m, 

120m and 250m. It was found that the minerals are composed by traces of Cl, Ca, Mg, K, 

Mn, Br, Cd, Pb, Zn and Ni elements with different concentration depending on the collected 

place. In this study the halite minerals were sampled near to surface of the Dead Sea Lake at 

a depth of approximately 1m (summer of 2015) and characterized by a EDS detector with 

about 1000ppm as detection limit. Thus, the studied NaCl minerals could be doped by traces 

of other elements that were not identified in our EDS detector. The CW-OSL response of 

different NaCl minerals, mainly household salts, have been studied and reported for several 

authors. Similar CW-OSL curve decay was observed by Thomsen et al., [2002] and 

Bernhardsson et al., [2009] in common salt stimulated using blue light LEDs at 470nm, 

before OSL readout the samples were preheated at 150°C and 220°C for 10s, respectively. 

In our case, the CW-OSL response was obtained at room temperature (~25°C) to study the 

optical behavior of electrons trapped in shallow and deep traps. Therefore, the CW-OSL 

response was fitted using the summation of three exponential decay components (fast, 

medium and slow), where the OSL decay constant is related with the photoionization cross 
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section of the traps and the stimulation photon flux [Bøtter-Jensen et al., 2003]. NaCl 

minerals exposed to 
60

Co gamma radiation presented a wide linear response in the range 

from 0.5 up to 10Gy. Nevertheless, a low dose response study from 1mGy up to 500mGy 

could be performed for extent the linear response of the NaCl minerals. Bernhardsson et al., 

[2009] analyzed the dose response of commercial NaCl samples (irradiated with 
60

Co 

gamma rays) between 1mGy and 10Gy and found a linear relationship from 1mGy up to 

0.1Gy. 

On the other hand, diverse CW-OLS investigations reported a sensitivity change in the OSL 

response of NaCl samples when they were irradiated and readout for repeated times 

[Ekendahl et al., 2011; Biernacka et al., 2016]. For avoid some change in the OSL 

sensitivity during the repeatability procedure, the NaCl samples were exposed to blue light 

for 10min after readout and before irradiation, i.e. release the remained electron trapped in 

deep traps that could increase the sensitivity of the response. After ten cycles of irradiation 

and readout a good repeatability (4.6%) was observed in the CW-OSL response without 

evidence of drastic change in the OSL sensitivity. Other important factor that affect the CW-

OSL sensitivity is the temperature, the NaCl minerals also present a thermoluminescence 

response related with the same traps responsible for the OSL emissions. In this sense, the 

CW-OSL response of the NaCl samples was measured after a heated to different 

temperatures from 50°C to 250°C with a heating rate of 5°C s
-1

 (Figure 4). The results 

showed that the CW-OSL intensity presented a sensitivity change between 130°C and 190°C 

temperature. A similar behavior in the range of 120°C-220°C was observed by Zhang et al., 

[2005] in analytical NaCl synthetic samples. They suggested that the increase of the OSL 

intensity is related with the transfer of electrons from non-light sensitive to light sensitive 

traps. 

 

5.-CONCLUSION   

The CW-OSL properties of reproducibility, dose response, thermal stability and fading were 

analyzed in Dead Sea NaCl samples using 
60

Co gamma radiation. NaCl minerals showed an 

intense CW-OSL decay curve composed by three exponential decay components. The 

samples presented a wide linear range of doses response (0.5 up to 10Gy) and good 

repeatability of 4.6% after ten cycles of irradiation and readout. The samples exhibited an 

enhancement of sensitivity when they were preheated between 130°C and 190°C. Based on 

these preliminary results the NaCl minerals could be used as natural dosimeter of 
60

Co 

gamma radiation. 
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