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ABSTRACT 
 
Monitoring of workers and workplaces is an integral part of any radiation protection programme (RPP). It is 
essential to demonstrate compliance with regulations that limit the allowable dose to the public from manmade 
sources and to enable the responsible of the installations to verify compliance with the legal dose limits to the 
workers and ALARA goals. Thermoluminescent dosemeters (TLDs) are generally employed to assess the 
environmental and personnel doses. To completely characterize a TLD dosimetry system is fundamental to 
determine the Lowest Dose that the system is capable of measuring. As the amount of the light emitted by TLD 
material is a function of the time temperature profile (TTP), in the present study, the influence of the TTP on the 
Detection Threshold (MDD) of the LiF:Mg,Ti (TLD-100) detectors was evaluated. Eighteen different TTPs 
were tested for two different annealing processes: (i) utilization of the TTP itself and; (ii) a microprocessor-
controlled oven annealing procedure. Results showed that TTP choice can influence significantly in the MDD 
values. The worst results were generally found for TLDs annealed by the TTP itself. The lack of pattern or the 
unexpected behavior to the influence of some parameters of the TTP on the calculated MDDs must be carefully 
investigated. Greater variations on the TTP parameters must be undertaken. Special attention must be also done 
on the methodology of calculating the MDDs. 
 

1. INTRODUCTION 
 
The term ‘monitoring’ is used to describe the measurements related to the assessment or 
control of exposure to radiation and radioactive materials. However, it is more than simple 
measurement. Monitoring requires interpretation and assessment and it is an important 
element to help achieve and demonstrate adequate protection, including implementation of 
optimization of protection programs (ALARA) [1]. We can define three types of monitoring 
[2]: 
 

a) Source monitoring: monitoring of the activity of radioactive materials being released 
to the environment or of the external dose rates due to sources within a facility or due 
to a particular radiation practice. It is focused on the points of releases to the 
environment (e.g. ventilation stacks, points of liquid releases) and dose and dose rates 
at the boundaries of the controlled, supervised areas and at the boundaries of the 
facility; 
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b) Environmental monitoring: monitoring of the external dose rates due to sources in the 
environment and/or due to the radionuclide concentrations in environmental media. It 
is complementary to source monitoring systems; 
 

c) Individual monitoring: monitoring with equipment worn by individuals 
occupationally exposed (IOE) or measurements of the quantities of radioactive 
materials in or on their bodies. It is normally required for persons who routinely work 
in areas that are designated as controlled areas. For supervised areas, it is not required. 
However, it is considered a good practice for purpose of dose records. 

 
Monitoring of workers and workplaces is an integral part of any radiation protection 
programme (RPP). It is essential to demonstrate compliance with regulations that limit the 
allowable dose to the public from manmade sources and to enable the responsible of the 
installations to verify compliance with the legal dose limits to the workers and ALARA goals 
[3]. The internal dose can be evaluated through the monitoring of the air, water, soil and 
biota. To evaluate the external dose, direct measurements may be required [4]. 
 
The environmental dosimetry demands the measurement of very low doses [4]. ALARA 
goals set by many radiation facilities can also demands the evaluation of extremely low 
doses, sometimes of the same order of the natural background radiation [3].  
 
Thermoluminescent dosemeters (TLDs) are generally employed to assess the environmental 
and personnel doses. To completely characterize a TLD dosimetry system is fundamental to 
determine the Lowest Dose that the system is capable of measuring. Detection Threshold 
(MDD) can be defined as the minimum evaluated value for which the readout value of a 
dosemeter is significantly different (at the 95% confidence interval) from the readout value of 
an unirradiated dosemeter and establishes the performance requirements for environmental 
and / or personnel dosimetry [5]. Despite of the wide use of this last concept, some authors 
have given rigorous treatments on this subject [6-9]. 
 
The amount of the light emitted by TLD material is a function of the time temperature profile 
(TTP), which includes pre-heat, acquire and anneal cycles. In other words, TLD signal 
depends upon the preheat temperature and time, maximum read temperature, temperature 
ramp rate, anneal temperature and time, acquisition time [10-11]. 
 
The traditional material employed in radiation monitoring is the LiF:Mg,Ti (TLD-100), a 
nearly tissue-equivalent material. Relatively high practical minimum measurable doses have 
been attributable to the TLD-100 using conventional thermoluminescence evaluation 
techniques [12, 13]. 
 
The aim of this work was to study the influence of the TTP on the MDD of the TLD-100, and 
its impact on the compliance with the performance requirements of the IEC (1991) [5] for 
environmental and personal monitoring. 
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2. MATERIAL AND METHODS 
 
A Harshaw/Bicron 5500 TLD reader was used with standard TLD-100 chips                         
(3 X 3 X 0.9 mm3) of the same manufacturer. A group of 180 previously selected TLDs 
(batch homogeneity within 30%) were utilized and the MDD were calculated for eighteen 
(18) different TTPs (Table 1) from integration of the total glow-curve areas.  
 
 

Table 1:  TTPs utilized in the present work. 
 

TTP 
Preheat 

Temperature. 

Preheat 

Time 

Acquire 

heating 

Rate 

Acquire 

Temperature(a) 

Acquire 

Time(b) 

Anneal 

Temperature 

Anneal 

Time 

 (oC) (s) (oC . s-1) (oC) (s) (oC) (s) 
1 50 0 15 300 20 300 0 
2 50 10 15 300 20 300 0 
3 50 0 15 300 20 300 10 
4 50 10 15 300 20 300 10 
5 50 0 15 300 26.67 300 10 
6 50 0 12 260 26.67 300 10 
7 50 10 12 260 26.67 300 10 
8 50 10 12 260 20 300 5 
9 50 10 10 300 30 300 5 
10 50 0 10 300 30 300 0 
11 50 0 20 300 16 300 0 
12 50 0 5 300 60 300 0 
13 100 10 15 300 20 300 0 
14 50 0 15 300 20 300 10 
15 50 0 15 300 20 300 20 
16 50 0 15 350 30 350 0 
17 50 0 10 350 30 350 0 
18 50 0 10 325 30 325 0 

(a) Maximum Temperature of acquisition. (b) Acquisition duration. 
 

 
 
To determine the MDD, groups of n = 10 TL detectors were prepared and immediately read 

out utilizing the different TTPs. The mean of the evaluated values E  and the mean standard 

deviation E
s  for each group of 10 unirradiated TL detectors were calculated and the MDD 

values, in µSv, were determined by the following equation [5]: 
 

En stMDD ⋅=                (1) 
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Where, 

nt : is the Student’s t for n-1 degrees of freedom; 

 
Two different annealing processes were analyzed for each TTP: (i) utilization of the TTP 
itself and; (ii) a microprocessor-controlled oven annealing procedure (PTW, Freiburg, 
Germany), which consist of 400°C for 1 h followed by fan-forced cooling down to 100°C 
which was held for 2 h. 
 
 

3. RESULTS AND DISCUSSIONS 
 
Tab. 2 shows the mean MDDs calculated for the 18 different TTPs and the two annealing 
processes considered. Fig. 2 show a graph of the mean MDD for each TTP, with the 
corresponding expanded uncertainty (coverage factor k = 2). The main uncertainty 
component considered in this case was the batch homogeneity. 
 
 

Table 2: MDDs calculated for the 18 TTPs utilized and the two annealing processes 
considered. 

 

TTP number 
MDD (µSv) Ratio 

TTP/Oven TTP annealing Oven annealing 

1 14.4 8.6 1.7 
2 7.3 12.2 0.6 
3 14.7 10.0 1.5 
4 20.3 9.5 2.1 
5 35.6 25.5 1.4 
6 14.8 11.4 1.3 
7 14.0 8.0 1.7 
8 10.6 3.6 2.9 
9 31.3 10.6 2.9 
10 23.1 12.2 1.9 
11 17.6 14.9 1.2 
12 44.3 15.7 2.8 
13 25.2 13.0 1.9 
14 20.2 21.8 0.9 
15 20.2 11.2 1.8 
16 101.3 15.4 6.6 
17 24.4 40.0 0.6 
18 25.2 20.8 1.2 
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Figure 1: Variation of the MDD with the TTP and annealing processes utilized. 
 
 
Results show that the mean MDDs calculated varied from 3.6 µSv to 40.0 µSv for TLDs 
annealed in the oven and from 7.3 µSv to 101.3 µSv for TTP annealing. Oven annealing was, 
in almost all cases, the most efficient process to reduce the MDD values. However, for the 
TTP numbers 2, 14 and 17, TTP annealing was more efficient than oven annealing, despite 
for the TTP 14, the uncertainties do not support this fact. 
 
Analyzing the mean MDD with the corresponding uncertainties for the group of TLDs 
annealed by the TTP itself we could not verify the influence of the 10 s increment in the 
preheat time in the MDD (comparing the TTPs 1 and 2, 3 and 4, 6 and 7). In the same way, 
the increasing of the Anneal Time did not cause a perceptible influence on the MDD 
(comparing TTPs 1 and 3, 2 and 4 and 14 and 15). Furthermore, the increment of the preheat 
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temperature did not cause, as could be expected, a diminishing of the MDD (comparing TTPs 
2 and 13).  
 
Comparing the TTPs 17 and 18 we could not notice the influence of the Acquire and Anneal 
Temperature. In the same way, we could not notice the influence of the Acquire Rate by the 
comparison of the TTPs 16 and 17, once the diminishing of the acquire rate caused a 
decreasing of the MDD for TTP annealing and an increasing of the MDD for oven annealing. 
However, we can notice an increment in the MDD with the increment of the Acquire Time 
(comparing TTPs 3 and 5).  
 
Considering the uncertainties, only the TTP number 2, with the group of TLDs annealed by 
the TTP itself, and TTP numbers 7 and 8, with the TLDs annealed by the oven, were efficient 
to reduce the MDD accordingly with the performance requirements of the IEC (1991) [5] for 
environmental monitoring, that is, 10 µSv for a minimum of 7 days of use. TTP numbers 5, 9, 
12, 13, 16 and 18 (TTP annealing) could not be utilized to meet the performance criteria for 
30 days of use (30 µSv). In the case of TLDs annealed by the oven, only the TTP 5 and 17 
could not be utilized for this purpose. Regarding personal monitoring, only TTP number 16 
(TTP annealing) could not be utilized to meet the performance criteria of 100 µSv. 
 
 

4. CONCLUSIONS 
 
In the present study, the influence of the Time Temperature Profile (TTP) on the Detection 
Threshold (MDD) of the LiF:Mg,Ti (TLD-100) detectors was evaluated. Eighteen different 
TTPs were tested for two different annealing processes: (i) utilization of the TTP itself and; 
(ii) a microprocessor-controlled oven annealing procedure. 
 
Results showed that TTP choice can influence significantly in the MDD values. The worst 
results were generally found for TLDs annealed by the TTP itself. However, this annealing 
process can be used with some TTPs for use in personal and environmental monitoring. In 
environmental monitoring, it is known that a longer monitoring time can be employed 
without loss of the sensitivity and precision of the method. However, a study must be done to 
evaluate the maximum time interval that can be employed in environmental monitoring, with 
the two different annealing processes. In this case, the influence of the background radiation 
must be taken into consideration. 
 
The lack of pattern or the unexpected behavior to the influence of some parameters of the 
TTP on the calculated MDDs must be carefully investigated. Greater variations on the TTP 
parameters must be undertaken. Special attention must be also done on the methodology of 
calculating the MDDs, once, in the methodology employed in this work [5], only the mean 
standard deviations of the readings values of unirradiated detectors were taken into 
consideration. The treatments given by other authors on this subject can be considered [6-9]. 
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