Development of a mini-extrapolation chamber for calibration of *’Sr+”"Y sources
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Abstract. *°Sr+°°Y applicators are commonly utilized in the brachytherapy, including ophthalmic procedures.
The recommended instruments for the calibration of these applicators are the extrapolation chambers, ionization
chambers that allow the variation of their sensitive volume. Using the extrapolation method, the absorbed dose
rate at the applicator surface can be determined. The aim of the present work was to develop a mini-extrapolation
chamber for the calibration of **Sr+°°Y beta ray applicators. The developed mini-chamber has 3.0 cm of outer
diameter and 9.6 cm of length. An aluminized polyester foil is used as the entrance window while the collecting
electrode is made of graphited polymethylmethacrylate. This mini-chamber was tested in *°Sr+"Y radiation
beams from a plane ophthalmic applicator, showing adequate results.

1. Introduction

Beta radiation sources are widely utilized in brachytherapy, including ophthalmic, dermatological,
intracranial and intravascular procedures. Because of the low penetration of the beta particles in
matter, sources of *’Sr+°’Y are utilized in the treatment of superficial lesions of eyes and skin. Since
the 50’s, *°Sr+*’Y sources have been utilized in the postoperative treatment of pterigya, fibrovascular
proliferative tissues that can cover the cornea, causing visual disturbances, and may result in blindness
[1]. Strontium-90 decays to yttrium-90; these two isotopes are in equilibrium because of the difference
between their half-lives. The applicators used in brachytherapy consist of silver cups, plane or
concave, containing the radioisotopes incorporated onto them. The silver cup has a face filter for low
energy beta particles emitted by *’Sr, so the emitted spectrum resembles pure *’Y. Plane sources are
typically about 10-12 mm in diameter while concave sources range from 9 to 23 mm in diameter and
10 or 15 mm of radius of curvature. The applicators have a special plastic shield to protect the
operator. Usually the total dose to be delivered to the surface is fractioned in several radiation therapy
sessions, that last less than one minute; during the session, the applicator is put manually in contact
with the area where the pterygium was removed from [2].

The recommended instruments for the calibration of these applicators are special ionization chambers,
the extrapolation chambers. These chambers allow the variation of their sensitive volume by means of
a micrometric screw. The distance between the collecting electrodes, and consequently the air volume
inside the chamber, should be sufficiently small to not disturb the beta particle flux, satisfying the
Bragg-Gray conditions. The ionization current produced is measured as a function of the distance
between the collecting electrodes and, by extrapolating this function to null distance, it is possible to
determine the absorbed dose rate at the chamber surface [2-4].

The applicators should be specified in terms of the reference absorbed dose rate to water at a reference
point (1 mm from the source surface, along its axis of symmetry). The materials constituting the
chamber should be water equivalent, as polymethylmethacrylate and carbon, to simulate appropriately
the transmission and backscattering properties of the beta particles in water. For clinical applications,
the source uniformity and the dose distribution shall be provided as additional specifications for these
sources [2-4].

An extrapolation chamber was developed at IPEN for beta ray protection level measurements and for
use in low-energy X radiation standard beams [5-6]. The aim of the present work was to develop a
mini-extrapolation chamber for the calibration of *°Sr+°’Y beta ray applicators.



2. Materials and Methods

The developed mini-extrapolation chamber is described in details in the next section. In this section,
the tests performed with the chamber will be presented.

For the short and medium term stability tests, a *’Sr check source (nominal activity of 33.3 MBq,
1988), PTW, type 8921, was utilized. A special polymethylmethacrylate (acrylic) cap was designed to
alllow a reproducible positioning of the source and the chamber. This cap, shown in Fig. 1, was
utilized to protect the chamber entrance window too.
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FIG. 1. Special acrylic cap for use at the short- and medium-term stability tests.

The leakage current was estimated before and after each measurement series. In the first case, the
charge was collected during 20 min without using any radiation source. To determine the leakage
current after irradiation, the same *’Sr check source was used to measure the charge collection during
2 min. Then, the source was removed and the subsequent charge value was measured during 20 min.

A plane *°Sr+"Y applicator was utilized to obtain extrapolation curves. During these measurements,
the distance between the chamber entrance window and the applicator surface was 1 mm and the
chamber depth was changed between 0.4 and 1.0 mm. The polarizing voltage applied to the chamber
was 50 V in all measurements.

The ionization currents were measured using a PTW electrometer, model UNIDOS 10001. All
measurements were corrected to the reference conditions of temperature and pressure (20°C and
101.3 kPa).

3. Results and Discussion
3.1. Mini-extrapolation chamber

The developed mini-extrapolation chamber is shown in Fig. 2. This chamber has an aluminum body
with a micrometric screw coupled to it, that allows to vary the chamber depth with an uncertainty of
less than 10 um. The entrance window is made of aluminized polyester; an acrylic ring is
used to stretch it. A polarizing voltage is applied to the chamber body; therefore the entrance



window 1is polarized. The collecting electrode is isolated from the body chamber; thus a
voltage difference is established between the entrance window and the collecting electrode
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FIG. 2. Mini-extrapolation chamber developed in this work.

The collecting electrode is made of acrylic coated with graphite and surrounded by a Teflon

insulating cap. A graphited guard ring surrounds the collecting electrode and the insulating
cap. The effective area of the collecting electrode is 1.68 mm”.

3.2. Leakage current

The leakage currents measured before and after each irradiation were always less than 0.7% of the
current measured with the check source for the same chamber depth (1.0 mm).

3.3. Short- and medium-term stability tests

For the short-term stability test (or repetitivity test) of the extrapolation chamber, ten successive
measurements were taken using the check source and the special acrylic cap of Fig. 1, under



reproducible conditions. The variation on the chamber response was less than 0.39%. Taking
measurements during 10 days, the medium-term stability test (or reproducility test) showed very good
results: a maximum variation of 0.81%. The results are shown in Fig. 3. These results are in
accordance with the recommended limits [7].

1.04 T T T T T

1.01 u

1.00 W

-

0.99 - E

Relative Response

0.98 - E

0.96 1 1 1 1 1
0 2 4 6 8 10

Measurement Number

FIG. 3. Medium-term stability test of the developed mini-extrapolation chamber.

3.4. Extrapolation curves

Extrapolation curves were obtained by measuring the collected charge during 2 min for each chamber
depth and voltage polarity. The mean values of the determined currents were plotted as a function of
the chamber depth. The maximum standard deviation for these measurements was 0.40%. The results
show a linear behavior for the variation of the measured current with the chamber depth, as expected
(Fig. 4). The minimum correlation coefficient obtained was equal to 0.9997.
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FIG. 4. Extrapolation curve of the developed mini- extrapolation chamber.

4. Conclusions

A mini-extrapolation chamber was developed for use as reference instrument for calibration
of beta ray applicators at the Calibration Laboratory at IPEN. The preliminary results showed
adequate performance when it was used for beta radiation detection of a 25r+°Y plane
ophthalmic applicator.
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