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ABSTRACT

The *°sr+*%Y beta-ray sources widely used in brachytherapyiegtjpns were developed in the 1950's. Many
of these sources, called clinical applicators,sditeroutinely used in several Brazilian radiotapy clinics for
the treatment of superficial lesions in the skid ayes, although they are not commercialized angmbese
applicators have to be periodically calibrated,oading to international recommendations, becausseh
sources have to be very well specified in orderetich the traceability of calibration standardsthie case of
beta-ray sources, the recommended quantity isliberbed dose rate in water at a reference distaocethe
source. Moreover, there are other important questifis the depth dose curves and the source mnitijofor
beta-ray plaque sources. In this work, depth dasges were obtained and studied of five dermatckgi
applicators, using thin thermoluminescent dosingetdr CaS@Dy and phantoms of PMMA with different
thicknesses (between 1.0 mm and 5.0 mm) posititmeddeen each applicator and the TL pellets. Thehdep
dose curves obtained presented the expected aitemuasponse in PMMA, and the results were contpare
with data obtained for Sr+*°Y standard source reported by the IAEA, and thesewensidered satisfactory.

1. INTRODUCTION

Special®®sr+*% beta-ray sources, called clinical applicators, atilized since 1950’s when
they were developed by Friedell and col. [1]. Ayiwes study showed that in the 90’s
approximately 10 different manufacturers produceddneds of these applicators [2]. This
medical application of this type of beta sourceffuded by all the world. Nowadays, the
clinical applicators are not commercialized anymdoet several Brazilian clinics and
hospitals still use them.

The*°sr+°Y clinical applicators can be dermatological, whesed in treatment of keloids, or
ophthalmic, if used in post-operative procedureptefigya. In the case of brachytherapy,
these sources are positioned in contact with thiened area. These sources differ from their
geometry: dermatological applicators are usuallgnpl and ophthalmic applicators are
concave.

According to international recommendations [3,4H an previous work [5], and quality
control programs for brachytherapy dosimetry [3je tclinical applicators have to be
calibrated periodically. It is very important, basa the brachytherapy sources have to be



very well specified in order to reach the tracagbdf calibration standards. The traceability
is the propriety of a result of a measurement bicwit can be related to standard references,
usually national or international, through compamis with well established uncertainties [6].

In the case of beta-ray sources, the recommendaatituis the absorbed dose rate in water
at a reference distance from the source. Moredivere are other important quantities, as the
depth dose curves and the source uniformity foa‘o&y sources. Depth dose curves are very
important for therapy dose planning.

Thermoluminescent dosimeters (TLDs) are recommendaterials for the calibration of
applicators [7] and dosimetry of beta sourcesd8g to their low cost and easy handling. In a
previous work thin pellets of CaDy were demonstrated to be adequate for the edidor

of applicators [9]. Extrapolation chambers, radrochic films, alanine pellets and plastic
scintillators are also utilized for the calibratiohclinical applicators [10,11].

The main objective of this work was to study thstrbution of the dose in depth at water at
several thicknesses of PMMA plates, utilizing thertnoluminescent technique.

2. MATERIALS AND METHODS

In this work, a beta radiation source of the bet@oadary standard system of Buchler GmbH
& Co., Germany (1850 MBq), BSS1, was utilized ire tteproducibility study of the TL
response. Five’Sr+°Y dermatological applicators were also utilizedhgain the depth dose
curves: applicators NIST, A, B, D and E. The méiaracteristics of these applicators can be
observed in Table 1. The Calibration LaboratorylPEN (LCI) has three dermatological
applicators: the applicator NIST, calibrated at pinienary standard laboratory at the National
Institute of Standards and Technology, USA; apphic& with a calibration certificate of
Amersham, England, and applicator B, without aripcation certificate. The applicators D
and E are from a clinic and a research institigpeetively.

Table 1. Characteristics of the’Sr+*°Y dermatological applicators

Nominal Absorbed . )
. Manufacturer L Calibration
Applicator and model activity dose rate date
(MBq) (Gyls)
Atlantic
NIST Research NLI. 0.40 28.01.2003
Corporation
B-1 S/N 233
Amersham
A SIO 18 1480 0.056 08.11.1968§
Without calibration certificate
Amersham
D SIQ 21 0266MP 740 0.053 17.09.1986
Amersham
E Sr 5072 2096 1850 0.04 14.05.2003
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Thin thermoluminescent (TL) CaS@y pellets were utilized, with dimensions of 6.0nnof
diameter and 0.2 mm of thickness. The pellets weadiated using the source of the BSS1
system positioned at 11.0 cm of distance using &RMupport, of BSS1. The pellets were
irradiated using the five applicators. Each pellat positioned on a phantom, allowing a null
distance between the applicator and the dosimé&ter. TL pellets were thermally treated
(300°C/3h) and cooled (during 15 min) on a rectérgaluminum plaque of 23x19x2.5¢m
for their reutilization. The measurements were iole utilizing a TL reader from Harshaw
Nuclear System, model 2000A/B, with a linear hegtiate of 10°C/s; the reading cycle was
performed within 30s. The light emission was inégd in the temperature interval of
180°C to 350°C, according to Campos et al. (1987).

The depth dose curves were obtained using seven RNljues of 1.0, 1.5, 2.0, 2.5, 3.0,
4.0 and 5.0 mm of thickness and 5.4 cm of diam@&teese plaques can be observed in Fig. 1.

Figure 1. PMMA plaques utilized in the study of thedistribution
of the dose in depth of water.

3. RESULTS

3.1. Characterization of the TL dosimeters

Initially, a reproducibility study of the TL respsa of the CaS£Dy pellets was performed.
The dosimeters were irradiated with a dose of IyouSing a®°Sr+°°y source of the BSS1
system. Their TL responses were obtained. Aftersyaitte pellets were thermally treated at
300°C/3h. This cycle was repeated five times. Tlagimum percentual deviation obtained
for the dosimeter response was 4.1%. The assoaiatitainty was equal to 10.4%.

For the determination of the lower detection linfike series of measurements of null dose
were obtained. The values of null dose were talker the thermal treatments, and the TL
response was obtained of the non-irradiated pelfetsm these results, the lower limit of

detection was obtained. This limit is obtained fribra sum of the average of the TL readings
of the non-irradiated pellets and 3 times the vabfiethe standard deviation of these

measurements, multiplied by the calibration factiothe sample. The lower limit of detection

obtained for the CaSy samples was (77.2 0.23) uGy; this value presented the same
order of magnitude of results from Campos and L{i&87).
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3.2. Depth dose curves

The depth dose curves were determined using theéD{R$ pellets. The seven PMMA
plaques were utilized. The pellets were positiooeca PMMA phantom shown in Fig. 2a.
Each applicator was positioned vertically on thsioh@ter during the irradiations, as can be
seen in Fig. 2b.

Phantom NIST
\ Applicator

{ - Phantom /
><’ W ¥
Dosimeter iy ko

(a) (b)

Figure 2. Set-up utilized to obtain the depth doseurves:
(a) Dosimeter positioned on the phantom and (b) agigator NIST irradiating the
dosimeter of CaSQ:Dy.

The results obtained in air were normalized to waiguivalent thickness of 1.0 mm, as
recommended by the IAEA standard (2002). The PMMwckiness utilized during the
measurements were converted to water equivalerkribss through:

pwater ' dwater = pacrylic ' dacrylic (1)
where:
* P, IS the volumetric density of the water (1.0 ghgm
* d,. IS the thickness of water equivalent material;

*  Payic 1S the volumetric density of the acrylic (1.15r0f;
- d is the PMMA thickness.

acrylic

The depth dose curves obtained for all applicatavgh the normalization of the
measurements for 1.0 mm depth, can be observed.i3.F
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Relative TL Response
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Figure 3. Depth dose curves for the five CaS{Dy dermatological applicators:
NIST, A, B, D and E.

The values of the relative TL response were obthioe different water depths utilized by
the IAEA standard (2002), and the results can lsefed in Table 2.

Table 2. Depth doses for the dermatological appktors NIST, A, B, D and E
normalized to 1.0 mm of water depth.

Depth IAEA Relative TL Response
in water Report
(mm) (2002) NIST A B D E
0 1.752 1.665 1.669| 1559 1552 1.555
0.5 1.342 1.311 1.291| 1260 1.263 1.259
1.0 1.000 1.000 1.000f 1.000 1.000 1.000
1.5 0.734 0.712 0.756| 0.754 0.757 0.771
2.0 0.533 0.480 0.568| 0.552 0.549 0.575
3.0 0.272 0.167 0.318| 0.270 0.251 0.297
4.0 0.127 0.039 0.165| 0.122 0.104 0.137
5.0 0.052 0.019 0.071| 0.051] 0.041 0.055
6.0 0.018 0.002 0.020| 0.018 0.005 0.006

The difference between the value obtained from a@gghicator in this work and the value of
the IAEA standard, at null depth, presented a tianafrom 4.7% (applicator NIST) and
11.0% (applicator B). For the interval of 0 mm t@ Inm thickness, the maximum variation
was 12.9% (applicator D). For the interval of O non3.0 mm thickness, the maximum
variation was 38.6% (applicator NIST). At thicknessabove 4.0 mm of PMMA or water
depth, the variations were even greater. The maxirpercentual deviation of all results
obtained was 33.4%.
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4. CONCLUSIONS

The reproducibility study of the TL response ana tlower detection limit showed
satisfactory results. Depth dose curves were obdaifor all dermatological applicators,
presenting similar results when compared to thermattional recommendations of IAEA
(2002). Therefore, the Cag0y thin pellets are adequate for calibration aogichetry of
935r+*°%y applicators. The differences presented in thelteprobably occur due to the high
uncertainties of the absorbed dose rates of thileraibn certificates of the sources and to the
lack of uniformity of the radioactive material dfet applicators.
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