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ABSTRACT

The aim of this work is to compare the lower datectimit (LDL) of the CaSQDy to the LDL of the
LiF:Mg,Ti, widely and long-term used in radiatiometapy applications and more recently in radiatiwerapy
modalities involving the irradiation with electrgria view to investigate the Cag0y dosimeter, developed
and produced in commercial scale by the Laboratbiyosimetric Materials / IPEN, as a cheaper alituve to
the imported TLD-100 pellets. The LDL of both duositers showed to be highly dependent on the nominal
electron energy, varying in 95% for the same phandmd dosimeter, and on the phantom material, ngriyi
up to 68% for the same dosimeter and electron gnekthough the LDL of the CaSDy is about 10 times
smaller than the LDL of the LiF:Mg,Ti, that is $tdmaller than the minimum dose delivered by timedr
accelerator in the conditions of the irradiatioo, that this parameter is inside the limits estélelis for
radiotherapy applications and do not constitutelasiacle to the change of the imported pelletdbyBrazilian
dosimeters, however, further study of other charéstics relevant to the use of this dosimeter iedital
applications are required before assuring its iefficy for the ionizing radiation dosimetry in amaliions
related to the radiation therapy.

1. INTRODUCTION

High energy electron beams have been largely apjptighe radiation therapy area, were
their application demands a great precision anigladiccuracy in the delivered dose because
a variance of 5% in the dose absorbed by the tumaetermining for the recurrence or
sequelae risks. Therefore, the rigorous measureraed control of the dose through
dosimeters presenting a high degree of exactitidepaecision in their measurements are
imperative, [1] the ionization chambers, Fricke dnermoluminescent dosimeters being the
most commonly applied in the medical area. [2]

Thermoluminescent dosimeters (TLD) play a cruci iin the radiation therapy area for the
ionizing radiation dosimetry and the majority oketmeasurements were carried out with
lithium fluoride, a widely and long-term chosen eval in the applications related to this
area, dosimeters. [3, 4]

IPEN produces dosimeters made of another phospgi®iCaSQ@Dy, as powder, pellets for
gamma and X-radiation monitoring and special pgllef reduced thickness, with the recent
developed of new pellets that use graphite to redihe energy dependence of the
thermoluminescent (TL) response, for beta-radiatiosimetry applications. [5]



Besides the outstanding linearity of the Ca®® TL response to gamma-radiation for a
wide dose range, fromGy to Gy, and its high sensitivity, which allowstbhonstruction of
small and resistant dosimeters to be applied irteaguadient regions and tan“vivd’
dosimetry, characteristics that lead to the inteapplication of this phosphor in dose
measurements at the radiation protection levelsit [6as not been sufficiently explored in
applications related to the radiation therapy.

The possible use of the CagDy pellets in applications related to the radiatiberapy area
would constitute another dosimeter option that \@dag specially worthwhile in Brazil due
to the easy and cheap acquisition of the pelletssidering that the Laboratory of Dosimetric
Materials / IPEN has developed and produces thisrntbluminescent dosimeter in
commercial scale.

It is known that the TL response, and thus the ©kedresponse curve, and so the lower
detection limit (LDL), is dependent on the phantomaterial, its dimensions and on the
energies of the electron beans, [7] in such a Way ¢valuating the characteristics of the
dose-response curves obtained in different phanfomdifferent nominal electron energies
with the CaSQ@Dy is demanding to propose this new dosimeter raslternative to the
imported TLD-100 pellets.

In this scenario, in view to make the use of th&QaDy pellets in radiation therapy viable,

an issue to be considered is the comparison dbther detection limits of this material and

of the LiF:Mg,Ti (TLD-100), already used in thisear at the depth of dose maximum for
different electron energies in different phantomespnted in this work.

2. MATERIALS AND METHODS

CaSQ:Dy (IPEN) and LiF:Mg,Ti (Harshaw) TLD pellets weseparately annealed 26h
before every irradiation, in the worst case, in A37000 (CEM) microwave furnace to
avoid spurious signals and two different kindsroddiations, one witAi°Co gamma and other
with electron radiation, were performed. For b# frradiations, TL readouts were performed
with a QS 3500 (Harshaw) reader, the calculatioesewone with the Microsoft Excel 97
software and the graphics were plotted with theoditthe Microcal Origin 7.5 software.

In the scope of the present study, type B uncdnrgginsuch as the variations in the reference
light and in the photo-multiplier tube noise, wexd evaluated and type A uncertainties, such
as the reproducibility of the pellets readout ahd tvariation in the values read for the
different pellets belonging to the same group, weleulated and used to define the mean
values and the standard deviations shown througheuResults section.

2.1. ®°Co Gamma Radiation

A 47 ®°Co gamma source was used to deliver a dose of 26 tnGhe CaS@Dy and
LiF:Mg,Ti dosimeters in air and in electronic egwilum condition, with the TL readouts
being performed between 24 h and 32 h after theoétitk irradiation.

To form dosimeter sets, 200 pellets of each phasplce irradiated, their sensitivities, or the
ratio between the TL readout and the delivered desee calculated and a histogram of these
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results was plotted, so that the pellets whoseviddal sensitivities agree in 10% with the
most probable sensitivity for the batch could béngel. This process was repeated 3 times
and the mean individual sensitivities, as well d@satch based on these mean values, were
defined.

The pellets selected for the batches based on @azlof the irradiations and on the mean
individual sensitivity were ordered according toeith decreasingly mean individual
sensitivities and separated into groups of 5, whth less sensitive pellets that could not be
grouped being excluded from this final batch.

In the case of the Ca3@y, whose most probable sensitivity is 860 nC/@Gyeén values),
107 pellets were previously selected and the fda$Q:Dy batch is composed by 21 groups
of 5 dosimeters, designated by A, B, C and 1 tdrb®) the most to the least sensitive group.
LiF:Mg,Ti most probable sensitivity is 64 nC/Gy ah@9 pellets presented individual mean
sensitivities agreeing in 10% with this value, $attthe final LiF:Mg,Ti batch is also
composed by groups A, B, C and from 1 to 18, eahwith 5 dosimeters. The groups with
the same designation of both phosphors were theeddo form a dosimeter set.

In order to assure that the individual sensitigitege not altered, the 21 dosimeter sets were
irradiated together after each electron irradiateomd the individual sensitivities were
calculated and compared to the mean individualigeties that were previously defined. If
the value found for the individual sensitivity agse within the standard deviation, with this
mean individual sensitivity, it is then used toetde the mean value.

On the other hand, if these values do not agreeddsimeter must be excluded from the

batch and so must its last TL readout be excludenh the data set corresponding to the

electron irradiation performed right before theunaace, because the dosimeter is no longer
trustworthy after its sensitivity changes. Fortigha no dosimeter had its sensitivity changed

while the data analyzed in the present work wasgeollected.

2.2. Electron radiation

The dosimeter sets were wrapped together in wragmaper, the 3 most sensitive sets (A, B,
and C) were not irradiated to assess the natuiegpbaund radiation levels and a linear
accelerator Clinac 2100—-C (Varian) was the soufcthe 4, 6, 9, 12 and 16 MeV electron
beams of nominal energies used to deliver dosagmafirom 0.01 Gy to 3.25 Gy at the dose
rate of 4 Gy/min to the dosimeter sets 1 to 1&rder to plot the dose-response curves.

TL readouts were performed between 36 h and 44eh #ife end of the irradiation, that was
held with the source-surface distance of 100 cre, fited size of 10 x 10 cfnand the
dosimeter sets positioned in the geometric cerfi¢hefiled, over 7 g/chof the phantom
material, to provide the adequate backscattering, & the depth of dose maximum.g
corrected by the scalling factor whenever it isaetater phantom. [8]

A lucite, a SW solid water, both made of 30 x 3¢ @tates of different thickness, so that
dmax given on Table 1 for each electron energy andhama material, can be reached for all
the studied electron energies, and a 35.5 x 355@&8 water phantom, that demanded the
construction of an special holder to prevent thatact of the dosimeters with the water
without the introduction of scattering.
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Table 1. Depths of dose maximum, gy, for 4, 6, 9, 12 and 16 MeV electrons
in lucite, SW solid water and water.

Omax [cmM]
Energy [MeV] lucite| SW |water|
4 0.70/0.80| 0.80
6 1.10(1.20] 1.20
9 0.20(0.20| 0.20
12 2.40|2.70] 2.70
16 1.80(2.00| 2.00

2.3. Lower Detection Limit (LDL) Calculation

The sensitivities to each electron energy and mmanhaterial and the ratio between these
sensitivities and the sensitivities to tA%o gamma radiation were calculated for each
dosimeter and the dose-response curves were coesside be linear in the dose range
corresponding to the doses delivered to the gredpse mean sensitivity ratios accorded in
a maximum of 10% with each other, the mean TL ratadof these groups being used to plot
the dose-response curves for each electron enagplzantom material. By fitting a linear
curve whose linear coefficient is equal to zeratlte experimental points, the calibration
factor, ¢, defined as the inverse of the angular coeffigibnof the linear fit, is obtained.

Calculating the mean TL readout for the 15 nondiated dosimeters of groups A, B and C,

that were dedicated to the assessment of the haaokground radiation level8G, and its

standard deviationg_ , the LDL to each electron energy and phantom nzdtesn be easily

calculated through the equation 1 bellow:

LDL = (BG+3Mw,_ re, (1)

3. RESULTS

The mean sensitivity as a function of the groupeorshow that the dose-response curves
obtained under the experimental conditions arealtifier doses ranging from 0.03 to 1.75 Gy,
regardless the dosimeter, the electron energylan@hantom material. The values obtained
for the angular coefficient, b, and the mean na&tbeekground radiation and its standard

deviation, BG+ o, are given in Table 2 for each dosimeter, phananeh electron energy,

while Table 3 shows the values obtained for the LDder each experimental condition for
CaSQ:Dy and LiF:Mg,Ti dosimeters.
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Table 2. Mean natural background radiation,%, and angular coefficients, b.

CaSQ:Dy LiF:Mg,Ti
E BG b BG b
[MeV] [nC] [NC/cGy] [nC] [nC/cGy]

4 0.703+0.008| 159.2+1.1| 0.387+0.010 11.176020
o 6 0.708 + 0.029 147 +3 0.2206 + 0.013  10.69 + 0.4
§ 9 0.708 +0.029| 120.5+2.2| 0.2206+0.013  8.59120
- 12 0.708 +0.029| 132.2+2.3| 0.2200+0.013 10.891#

16 0.708 £ 0.029| 1456+2.6| 0.2206+0.013  9.6716
5 0.902 + 0.005 166 + 3 0.369 +0.006 10.784 +9.02
S 0.670 + 0.012 154 + 4 0.316 +0.003  10.32 +0.13
= 0.670 + 0.012 126 + 3 0.316+0.003  8.29 +0.12
g 12 0.670 + 0.012 138+ 3 0.316 +0.003  10.51 +0.14
@ 16 0.670 + 0.012 152+ 4 0.316£0.003  9.33+0.16

0.641+0.020| 202.3+2.9| 0.3408 +0.0022.90 + 0.09

- 0.650 +0.013| 187.3+2.5| 0.3213 +0.00219.48 + 0.08
§ 0.930+0.013| 153.1+1.3| 0.425+0.012  7.61080.

12 0.851+0.013| 167.9+1.2] 0.403+0.007  9.65080

16 0.570+0.010, 185.0+1.5/ 0.324+0.003  8.571R0

Table 3. Lower detection limits of the CaSO4:Dy adh of the LiF:Mg,Ti.

Lucite SW solid water water
E [MeV] | LLD [uGy] LLD [uGy] LLD [uGY]
4 456+0.6| 55211 | 346+1p
2 6 539+25| 459+15 | 367200
o) 9 66 +3 56.1+1.7 | 63.4+11
S 12 602+27| 51.2+16| 5302009
16 546+24| 464+14| 325+08
372+9 350 + 6 351 + 4
= 6 210 +3 315+5 346 + 4
— 9 261+ 4 393+7 606 £ 19
5 12 206 + 3 310£5 439 +8
16 232 + 4 349+ 7 386 + 6
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Although the LDL of the CaS{£Dy is almost 10 times smaller than the LDL of the
LiF:Mg,Ti, both dosimeters present values of LDIglily dependent on the energy of the
electron radiation, differing in up to 95% from oeeergy to another, and on the phantom
material, differing in up to 68% from one phantamanother.

4. CONCLUSIONS

The dose-response curves are linear for the stwdéstion dose range, from 0.03 to 1.75 Gy,
and the angular coefficient obtained through adinfé results in a LDL of the CaS(y
that is about 10 times smaller than the LDL of tiieMg,Ti, that is still much smaller than
the minimum dose delivered by the linear accelenstdhe conditions of the irradiation, so
that this parameter is inside the limits establisf@ radiotherapy applications and do not
constitute an obstacle to the replacement of thpoited pellets by the Brazilian dosimeters,
although further study of other characteristicevaht to the use of the CagDy in medical
applications is required.

For both dosimeters, the LDL is highly dependenttanelectron energy, varying in 95% for
the same phantom and dosimeter, and on the phaneterial, with up to 68% of variation
for the same dosimeter and electron energy.
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