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ABSTRACT 

 
Incidents of excessive exposure of the population to ionizing radiation could result from a nuclear 

explosion, the direct exposure to a source theft or loss or an accidental exposure to a source without 

shielding, for example. During these incidents the victims seldom are using individual protection 

equipment used in the measurement and control of the doses that were exposed. One of the ways found to 

the doses assessment due to exposure to this type of accident is the retrospective dosimetry, which 

determines the excessive doses of radiation exposure, whether chronological or acute, using common 

materials available in the public domain. The methodology for the application of retrospective dosimetry 

for thermoluminescence in buildings previously burned, as bricks, it is already well established. Interest 

is now turning to the use of cementitious building materials such as mortar and concrete to enlarge the 

scope of application. This study aimed to examine some of these materials and techniques for their 

possible application in the doses assessment from an accidental irradiation by thermoluminescence. For 

this the peak about 225 °C of natural quartz and it extracted of mortar and concrete was certain your 

stability for the plateau and storage tests, and also the dependence of your luminescent intensity with 

radiation dose. Presenting a life relatively tans compared enough to that of the accumulation of natural 

and long radiation sign for dosimetric applications, besides other favorable characteristics, the mortar 

presented evidence that is possible for retrospective dosimetry through thermoluminescence. 

 

1. INTRODUTION 

 

Incidents of excessive exposure of the population to ionizing radiation could result from 

a nuclear explosion, the direct exposure to a source theft or loss, or an accidental 

exposure to a source without shielding, for example. During these incidents the victims 

seldom are using individual protection equipment used in the measurement and control 

of the doses that were exposed. One of the ways found to the doses assessment due to 

accidental exposure is the retrospective dosimetry, which determines the excessive 
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exposition doses, whether chronological or acute, using common materials available in 

the public domain.  

 

One of the great applications of the thermoluminescence is exactly the dosimetry of 

several general categories conveniently divided in medical, environmental, personal and 

retrospective. The basic premise of the use of the dosimetry for thermoluminescence is 

that the answer of the intensity TL is directly proportional to the absorbed dose.  

The first suggestion of the possibility of the use of the thermoluminescence (TL) in the 

radiation dosimetry and dating was given by Daniels in 1953. Subsequent researches 

were accomplished in the development of dating methods by TL in ceramic and in 

archaeological materials. Successively demonstrations and applications with optically 

stimulated luminescence (OSL) appeared. The studies of TL and OSL offered 

significant progresses in dating and in dosimetry, mainly in the evaluation of personal 

micro-dosimeters [1].  

 

The Retrospective Dosimetry is a technique that allows the doses determination of 

excessive exposition to the radiation, whether chronological or acute, using common 

materials that are available in the public domain.  Between the interesting samples for 

evaluation of the accumulated dose for TL, the quartz is the crystal more used, therefore 

it can be found in any environment type [2].   

 

The methodology for the application of retrospective dosimetry with 

thermoluminescence in buildings previously burned, as bricks, it is already well 

established. Interest is now turning to the use of cementitious building materials, such as 

mortar and concrete, to enlarge the scope of application. Nowadays, one of the principal 

investigation points is the accuracy/precision and the lower limit of detection with 

which an accident with radiation can be measured using the thermoluminescence of the 

quartz non burned, as the extracted from mortar and concrete, materials that are more 

commonly found at industrial places and particularly in nuclear facilities than materials 

that were previously burned, as bricks and tiles. 

 

The primary demands for such dosimeters include: (1) the absence of a natural saturated 

dose accumulated in periods of geological time, (2) the ability to retain a registration of 

the accidental exhibition with despicable fading in the interval of time between 

exposition and measurement and, (3) the ability to determine the cumulative dose of 

natural radiation sources [3]. With that, techniques of retrospective dosimetry are 

looked for with a reliable methodology for the dose reconstruction using those new 

materials. 

 

The study here developed focused exactly in the analysis of the TL peak behavior 

around 500 K (225 ºC) of quartz extracted from buildings not previously burned for the 

evaluation of its use in dosimetry. 

 

2. MATERIALS AND METHODS 

2.1. Sample preparation and TL measurement 

 

The first stage in retrospective dosimetry or archaeological dating requests the 

separation of the quartz present in a sample. In the present work, in addition to crystals 

of natural quartz, it was chosen mortar and concrete samples commonly found in 
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buildings. Starting from them, the grains of quartz were obtained through chemical 

separation by the Campos Method [4]. 

 

The grains used for thermoluminescence measurements were that retained in the sieves 

between 0.075 and 0.150 mm. The sieved is vital to avoid the use of grains with very 

different sizes, which can interfere in the TL signal.  

  

For irradiation, the samples were exposed to a beta source of 
90

Sr/
90

Y, with a dose rate 

of 0.376 Gy/ min, at room temperature. The luminescent tests were made using a TL 

homemade reader. The system uses a photomultiplier EMI 9789-B to capture the light 

emitted by the material. In that, the temperature of the sample is monitored through a 

Chromel-Alumel thermocouple connected to a computer. This TL reading system 

enables to measure the light emission from room temperature up to 773 K, in an open 

atmosphere. The choice of the heating rate is quite important for a good measurement. 

In this work, the option was of 5 K/s
-1

, that enabled the observation of much defined 

peaks without a gradient of harmful temperature for the experiments. 
 

2.2- Plateau Test 

The stability range of the peaks was determined by the plateau test. The emission curve 

of the natural sample was compared to curve of the sample irradiated additionally in 

laboratory. It was plotted the TL intensity obtained from the reason between both as 

function of the temperature. A constant reason (or plateau) indicated a stable range 

interesting for dating [5], but in this work we were interested in a relatively unstable 

range for dosimetry. 
 

2.3. Storage Test 

The storage test also evaluates the stability of the peaks. It consists to irradiate the 

samples and to save them for different periods before the TL reading, in order to 

appreciate if there is the occurrence of any fading in the TL intensity.  Here, the samples 

were divided in five aliquots. The irradiation was accomplished in five different dates 

previously the reading TL: 48, 36, 24 and 2 days, and the last aliquot was irradiated and 

was measured immediately along with all other. 
 

2.4. Additional Dose Method 

The Additional Dose Method is based in the fact that the TL intensity is directly 

proportional to the radiation dose, therefore, the TL intensity increases systematically in 

agreement with the applied additional dose on the sample [5, 6]. The accomplishment of 

such method take place in two stages: the first consists of measuring the natural TL 

intensity of the sample (SN); in the second the sample is divided in several aliquots, each 

one exposed to radiation with several known doses. After that, the TL intensity (of one 

selected peak) of each fraction is measured and plotted as function  radiation dose 

received, considering the initial dose (SN) as being zero. It is important to point out that 

for dating the peak of larger stability is used (plateau range). In retrospective dosimetry 

the interested peak is in the range of 423 K to 523 K, corresponding to the zone where the 

signal generated by the natural dose has suffered a larger fading and probably its contribution in 

the TL intensity must be very small. 
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By the Additional Dose Method it was determined the dose of natural radiation (DN) 

received by the samples using the signals in the plateau area. Moreover, it was settled 

the accumulated natural dose still remaining (DA) in signal of the TL peak at 500 K, the 

signal due to the natural exposition to radiation that still did not completely fades.  
 

3. RESULTS AND DISCUSSION 

 

Figure 1 presents the curves obtained by the plateau test. The plateau initiates only after 

580 K, which confirmed that in the area of the interested peak (~500 K) the influence of 

the natural dose is much smaller than in the usual area for dating, as desired for 

retrospective dosimetry. 
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Figure 1. Plateau Test for (a) mortar, (b) 

concrete and (c) natural crystal quartz, with 

stability found  from 580 K. 
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Figure 2 exhibits the results of the 500 K TL peak intensities obtained by the storage 

test. The decline of the TL intensity with the time of storage of 48 days is small, being 

around (12%) for the mortar, (25%) for the concrete and (13%) for the quartz. This 

indicates that the peak at 500 K is relatively stable for Retrospective Dosimetry during 1 

month; however, corrections to the TL intensity must be done for better accuracy of the 

dose measured.   
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Figure 2. Determination of the stability of the 

emission curve TL of the mortar, concrete 

and natural quartz in consideration to the 

peak of 500 K, for the storage test. 



 

 

INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

When evaluating the TL intensity as function of dose, the conclusion is that the samples 

presented a lineal behavior for both studied peaks, in doses range evaluated (from 0.8 

Gy up to 100 Gy). For doses below 2.0 Gy the TL intensity was not detectable for the 

used equipments. Therefore, for this experiment, Retrospective Dosimetry has a lower 

detection limit of 2.0 Gy.  

 

Table 1 presents their results, the ratio DA/DN, besides the geological age estimated for 

the quartz grains, evaluated with an annual dose rate of 2 mGy/year. Seemingly, the 

oldest sample, or that with larger accumulated dose, it is the mortar.  The values of the 

remaining dose found for the natural quartz in the interested peak, it was considered 

low, and therefore it would not interfere in surplus in the estimative of an accidental  

dose. In the case of the concrete, as the remaining dose (DA) was exactly the same that 

the accumulated dose (DN), for this reason it was not considered a good candidate for 

application in Retrospective Dosimetry. The mortar, however, presented excellent 

result, with only 4,3% of the remaining dose (DA) in relation to the accumulated dose 

(DN), being the kind of sample most suitable for the retrospective dosimetry of 

materials not previously burned, among the appraised here. 
 

Table 1. Doses of natural radiation (DN) received by the samples using the signals 

in the plateau area; accumulated natural dose still remaining (DA) in signal of the 

TL peak at 500 K and probable age of the quartz grains contained in the samples. 

 

Samples DN 

(Gy) 

DA 

(Gy) 

DA/DN  

(%) 

age 

(years) 

mortar 23.0 ± 0.5  1.0 ± 0.5  4.3% (92 ± 2) 10
2
 

concrete 20.5 ± 0,5 20.5 ± 0.5 100% (80 ± 2)10
2
 

quartz 4.0 ± 0.5 1.5 ± 0.5 37.5% (16 ± 2)10
2
  

 

4. CONCLUSIONS  

  

It was verified that the three samples present the plateau area just beginning at about 

580 K, being the peak in 500 K below that range.   

 

The storage test showed that the peak at 500 K in all the studied samples, had a short 

decrease of its intensity in the period of 48 days, which indicates that, in spite of there 

being a small loss of the sign, it can be used with relative safety in retrospective 

dosimetry of the studied period, doing small corrections to the TL intensity due to the 

fading. 

 

The lower limit of detectable doses appraised in the present work was 2.0 Gy, for all the 

samples. Thus, there is an indication that those materials are not very sensitive to lower 

doses of exposition. Among the three investigated samples, concrete has not shown 

satisfactory results to Retrospective Dosimetry, being the natural quartz a good 

candidate for that use. However, for retrospective dosimetry the best and more suitable 

material not previously burned was the mortar, which presented smaller influence of the 

accumulated signal due to the natural dose of radiation over the studied peak. 
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