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Abstract— The major purpose of clinical dosimetry is to 

establish a quality control of the radiation beam in order to 

obtain an improvement in the quality of radiotherapy. This 

paper aimed to evaluated the sensitivity of 

thermoluminescent (TL) dosimeters comparing the 

performance of detectors produced by IPEN, CaSO4:Dy, 

with dosimeters already used in radiotherapy dosimetry, 

LiF:Mg,Ti (TLD-100) and micro LiF:Mg,Ti (TLD-100)  

produced by Harshaw. The dosimeters were previously 

separated in groups, each with 5 detectors, according to 

their TL individual sensitivities to 60Co gamma-radiation in 

air and electronic equilibrium conditions. The selected 

dosimeters were irradiated with 4 MeV and 9 Mev clinical 

electron beams, positioned at depth of maximum dose:          

4 MeV – 1.0 cm and 9 MeV – 2.0 cm,  with absorbed doses of 

0.5, 1.0 and 5 Gy using a linear accelerator Clinac 2100C 

Varian. The field size used was 10x10 cm2 with 100 cm of 

source-phantom surface distance according to recommended 

by the Technical Reports Series nº398 (TRS 398) of IAEA 

(International Atomic of Energy Agency). The CaSO4:Dy 

dosimeters are approximately 26 and 318 times more 

sensitive than LiF:Mg,Ti and microLiF:Mg,Ti for 4 MeV 

electrons  and 24 and 259 times and microLiF:Mg,Ti for       

9 MeV electrons. For both energies studied the dose-

response of CaSO4:Dy, LiF:Mg,Ti and microLiF:Mg,Ti 

dosimeters presented linear behavior on the electron dose 

range from 0.5 to 5 Gy and the LDL of   the CaSO4:Dy 

dosimeter is 20 and 25 times lower than LiF:Mg,Ti and 

microLiF:Mg,Ti  for 4 MeV  and 18 and 20 times lower than 

LiF:Mg,Ti and microLiF:Mg,Ti for 9 MeV electron beam 

respectively. CaSO4:Dy presents similar TL response 

behavior than LiF:Mg,Ti and microLiF:Mg,Ti dosimeters 

with higher sensitivity and lower LDL.  This results 

indicates that CaSO4:Dy  can be used successfully in 

radiotherapy dosimetry.  
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I. INTRODUCTION  

Thermoluminescence is a phenomenon of the visible 

photons released by thermal means. In 1950’s, Daniels 

and his co-works made the first applications of TL to 

dosimetry when they used lithium fluoride (LiF) to made 

radiation measurements after bomb test (Cameron, 1968). 

With the advancements in the use of nuclear technology 

for medical purpose, there was a major concern related to 

the detection and evaluation of radiation dose for control 

(Oberhofer e Scharmann, 1979). 

Several organizations recommended the verification of 

patient dose for quality improvement in radiotherapy and 

the International Committee of Radiation Units and 

Measurements (ICRU) establish, in 1976, that ―all 

procedures involved in planning and execution of 

radiotherapy may contribute to a significant uncertainty 

in the dose administered to the patient”. The 

recommended maximum values for the uncertainty in the 

dose range of ± 5% (ICRU, 1976). 

The application of electron beams in therapy requires 

great accuracy in the absorbed dose delivered to the 

tumor, because a small variation is highly determinant in 

the risk of recurrence or sequel (ICRU, 1976). This fact 

requires stringent control measures in the doses absorbed 

by the patients in treatment by dosimeters that have great 

accuracy and precision in the measurement provided. 

The thermoluminescent dosimeters have a long history 

of ionizing radiation dosimetry in radiotherapy, area 

where most measurements have been made with LiF 
(Eggermont et al, 1971; Hufton, 1984, Kalmykov, 1994; 

Robar et al, 1996) due to its tissue equivalence and the 

fact that the dependence of the response to the incident 

radiation energy and dose-rate are small in the rage of 

doses used in radiotherapy (Rúden, 1976). Other 

thermoluminescent material, calcium sulfate doped with 

dysprosium (CaSO4:Dy), has been extensively used in 

measurements of dose radiation protection due to its high 

sensitivity (Campos and Lima, 1987; Lakshmanan, 1991). 

Although this material presents good linearity of response 

to beta radiation and photons for a wide range of doses 

(Campos and Lima, 1987; Campos e Nunes, 2008) and 

preliminary studies (Campos and Souza, 1990; Nunes, 

2008) show the feasibility of its application in electron 

beams, it has been insufficiently explored in radiotherapy 

dosimetry. The CaSO4:Dy is manufactured and marketed 

by Instituto de Pesquisas Energéticas e Nucleares (IPEN). 

This work aims to compare the performance of the 

detectors produced by IPEN, CaSO4:Dy, with dosimeters 

already used in radiotherapy dosimetry, LiF:Mg,Ti (TLD-100) 

and micro LiF:Mg,Ti (TLD-100)  produced by Harshaw.  

II. MATERIALS AND METHODS 

A. Dosimetric Material 

  160 TL dosimeters LiF:Mg,Ti; 

  85 TL microdosimeters LiF:Mg,Ti; 

  200 TL dosimeters CaSO4:Dy. 
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B. Irradiation System 

  60
Co gamma source (656,4 MBq at 09/12/2008); 

  Linear accelerator Varian, model Clinac 2100C 

from Hospital Israelita Albert Einstein. 

 

C. Equipments 

 Furnace VULCAN model 3-550 PD; 

 Surgical sterilizer FANEN model 315-IEA 

11200; 

 TL reader Harshaw model QS 3500. 

 Liquid water phantom (cubic simulator 

40x40x40 cm
3
 filled with distilled water). 

D. Thermal Treatment before irradiation.  

LiF:Mg,Ti dosimeters: 400ºC/1h in the furnace plus 

100ºC/2h in the surgical sterilizer; 

CaSO4:Dy dosimeters: 300ºC/3h in the furnace. 

E. 60
Co gamma irradiation 

Three cycles of thermal treatment, 
60

Co gamma 

irradiation in air and electronic equilibrium conditions 

and TL reading were performed, the individual and 

average TL responses were evaluated and the dosimeters 

were separated into groups of 5 detectors according to 

their sensitivity. 

F. Clinical Electrom Beams Irradiations 

To irradiations with 4 MeV and 9 MeV clinical 

electron beams the selected dosimeters were positioned at 

the liquid water phantom at the depth of maximum dose 

(
maxd ): 4 MeV electrons – 1.0 cm; 9 MeV electrons  - 

2.0cm. To ensure the backscatter of the electron beam              

5 cm of the same phantom material was used under the 

dosimeters. The irradiation parameters followed were that 

recommended by the Technical Reports Series nº398 

(TRS 398) of IAEA (International Atomic of Energy 

Agency): field size – 10x10 cm
2
, source-detector distance 

– 100 cm.  

TL readings were carried out between 24 and 32 h after 

irradiation.  Each presented data is the average of 5 TL 

readings of the dosimeters of the same selected group and 

the error bars the standard deviation of the mean (1σ). 

The Lower Detection Limit (LDL) was calculated 

through EQ1: 

calRT fRTLDL  )3(
00  ,           (1) 

where 
0RT  is the average TL readout of non-irradiated 

dosimeters, 
0RT  the corresponding standard deviation of 

the mean and  fcal the calibration factor for each radiation 

type and energies, given by the inverse of the slope of the 

curve fitting dose-response (through Program Origin 

7.0). 

III. RESULTS 

The dose-response curves obtained to the different 

dosimeters and electrons beams are presented in Figures 1 

and 2. 

 
Fig. 1. Dose-response curves of  CaSO4:Dy,  LiF:Mg,Ti  and 

microLiF:Mg,Ti dosimeters to  4 MeV electron beams using liquid 

water phantom. 

 
Fig. 2. Dose-response curves of  CaSO4:Dy,  LiF:Mg,Ti  and 

microLiF:Mg,Ti dosimeters to  9 MeV electron beams using liquid 

water phantom. 

 

The dose-response curves show a linear behavior in the 

electron dose range from 0.5 to 5 Gy. 

The average TL sensitivity of CaSO4:Dy, LiF:Mg,Ti  

and microLiF:Mg,Ti dosimeters for liquid water phantom 

and doses from 0.1 to10 Gy  are presented in the Table 1 

and Figures 3 and 4.  
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Table 1: Average TL sensitivity of CaSO4:Dy, LiF:Mg,Ti and 
microLiF:Mg,Ti for liquid water phantom. 

 Dose 

[Gy] 

TL Sensitivity   [µC.Gy-1] 

 4 MeV 9 MeV 

     CaSO4:Dy 1,0 17.5 (±0.4) 16.1 (±0.6) 

LiF:Mg,Ti 

Micro LiF 

1.0 0.659 (±0.007) 0.658 (±0.007) 

1.0 0.0549 (±0.0006) 0.0623 (±0.0005) 

 
Fig 3. Average TL sensitivity of  CaSO4:Dy, LiF:Mg,Ti  and 

microLiF:Mg,Ti dosimeters for 4  MeV electron beams using liquid 
water phantom. 

 
Fig 4. Average TL sensitivity of CaSO4:Dy, LiF:Mg,Ti and 

microLiF:Mg,Ti dosimeters for 9  MeV electron beams using liquid 
water phantom. 

 

The LDL calculated as a function of the electron beam 

energy for the three dosimeters is showed in Table 2. 

 
Table 2: LDL of CaSO4:Dy, LiF:Mg,Ti and microLiF:Mg,Ti for  liquid 
water phantom. 

 LDL [µC] 

 4 MeV 9 MeV 

CaSO4:Dy 33,2 ( ±0.9) 36,3 (±1.1) 

LiF:Mg,Ti 

Micro LiF 

        673 (±7) 

839 (±27) 

675 (±7) 

731 (±24) 

 

The TL sensitivity of CaSO4:Dy dosimeters is 26 and 

318 times higher than LiF:Mg,Ti and microLiF:Mg,Ti 

depending the dosimeter and the energy used. 

The LDL of the CaSO4:Dy dosimeters is 20 and         

25 times smaller than LDL of the LiF:Mg,Ti and 

microLiF:Mg,Ti for 4 MeV and 18 and 20 times smaller 

and microLiF:Mg,Ti when the detectors were exposed at 

9 MeV electrons beam.  

 

CONCLUSIONS  

For both clinical electron beams energies evaluated 

CaSO4:Dy and LiF:Mg,Ti dosimeters presented the same 

linear behavior to the TL dose-response.  

CaSO4:Dy dosimeters showed TL sensitivity 26  and  

318 times greater than LiF:Mg,Ti TL and 

microLiF:Mg,Ti dosimeter for 4MeV  and 24 times and 

259 times greater than LiF:Mg,Ti and microLiF:Ti TL 

dosimeter for 9 MeV, respectively.  

The LDL of the CaSO4:Dy dosimeters is an advantage 

in use this dosimeter for clinical dosimetry, allowing 

more precision and accuracy in the dose evaluation if 

compared with LiF:Mg,Ti and microLiF:Mg,Ti 

dosimeters 

The obtained results indicate that CaSO4: Dy TL 

dosimeter produced by Instituto de Pesquisas Energéticas 

e Nucleares/IPEN can be a new tool to be applied in 

clinical electron beams dosimetry. 
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