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ABSTRACT

A plane-parallel ionization chamber, with a sensitive volume of 6.3 cm?, developed at the Calibration Laboratory of
IPEN (LCI), was utilized to verify the possibility of its application in low-energy X-ray beam qualities for radiother-
apy (T-qualities). This homemade ion chamber was manufactured using polymethyl methacrylate (PMMA) coated
with graphite, and co-axial cables. In order to evaluate the performance of this ionization chamber, some characteri-
zation tests were performed: short- and medium-term stability, leakage current, saturation, ion collection efficiency,
polarity effect and linearity of response. The maximum value obtained in the short-term stability test was 0.2%, in
accordance with the limit value of 0.3% provided by the IEC 60731 standard. The saturation curve was obtained
varying the applied voltage from -400 V to +400 V, in steps of 50 V, using the charge collecting time of 20 s. From
the saturation curve two other characteristics were analyzed: the polarity effect and the ion collection efficiency,
with results within the international recommendations. The leakage current of the ionization chamber was measured
in time intervals of 20 minutes, before and after its irradiations, and all the results obtained were in agreement with
the IEC 60731 standard. The linearity of response was verified utilizing the T-50(b) radiation quality, and the ioni-
zation chamber was exposed to different air kerma rates. The response of the ionization chamber presented a linear
behavior. Therefore, all results were considered satisfactory, within international recommendations, indicating that
this homemade ionization chamber presents potential routine use in dosimetry of low-energy radiotherapy beams.
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1. INTRODUCTION

Low-energy X-ray beams (10 to 150 kV) are still utilized in radiotherapy, mainly because of
their rapidly attenuation in tissue. This property yields a steep depth dose and makes these X-
rays ideal for the treatment of superficial lesions [1]. A study presented by the American Associ-
ation of Physicists in Medicine (AAPM) indicated a renewed interest in radiotherapy procedures
with superficial and orthovoltage X-rays. This conclusion was taken because the number of X-
ray machines bought and installed in North America increased in the late 90’s [2].

A large number of centers around the world use low-energy X-rays beams to treat a wide variety
of superficial disorders, including superficial malignant lesions [3]. Besides that, low-and medi-
um-energy X-rays beams have been used in intraoperative radiotherapy [4, 5, 6] or in treatments
involving the use of gold nanoparticles, which may lead to a dose enhancement [7]. Although
electron beams deliver a more homogeneous dose distribution to large tumors and offer a better
preservation of normal tissues, the utilization of low-and medium-energy X-rays in intraopera-
tive radiotherapy procedures has the advantage of placing the radiation unit inside a surgery
room because of the relatively modest shielding requirements. Linear accelerators present some
advantages in relation to X-ray treatments, mainly because they can target the tumor without
affecting the surrounding tissues. However, clinical accelerators are much more expensive than
X-ray units, and the low- and medium- energy X-rays still play a role in many developing coun-
tries (but mainly in undeveloped countries), where the technology is easier to support and main-

tain than electron linear accelerators [8].

As low-energy X-rays are still utilized for the treatment of some skin disorders, superficial le-
sions, and intraoperative radiotherapy, it is important to develop and maintain reference radiation
detectors to calibrate dosimeters in these X-ray beams. lonization chambers are the dosimeters
mostly utilized for accurate measurements in radiotherapy beams. They are also recommended
for beam dosimetry as reference radiation detectors for calibration procedures [9, 10]. The ioni-
zation chambers have to present some characteristics to be ideal dosimeters; they should present:
a homogeneous construction of walls and collecting electrode; no transient electric effects; a

collection efficiency higher than 99%; and they should be indestructible [1, 10].
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In order to construct an ionization chamber that attend the characteristics of an ideal dosimeter
with requirements for a work standard, in this work the development and characterization of a
new plane-parallel ionization chamber to be utilized in low-energy X-ray beam qualities for ra-
diotherapy is presented. The main motivation for the development and characterization of this
new ionization chamber was the possibility of its utilization at the Calibration Laboratory of IP-
EN (LCI) as a work standard; and, besides that, the LCI group presents a previous knowledge in
the development of ionization chambers for use in diagnostic radiology and radiotherapy energy
ranges [11,12].

Furthermore, the ionization chamber designed and developed in this work was planned to be a
radiation detector of low cost, easy to assemble, robust, and utilizing only easily commercially
available Brazilian materials. The indestructibility characteristic may be included somewhat not
seriously, but it must be remembered that an ionization chamber used for calibration purposes
has to be robust, with all characteristics well defined. Any change in the active volume of the
chamber will result in a change in its calibration factor. To characterize the ionization chamber
developed in this work, some tests were undertaken: short- and medium-term stability, leakage

current, saturation curve, ion collection efficiency, polarity effect and linearity of response.

2. MATERIALS AND METHODS

The plane-parallel ionization chamber manufactured and characterized in this work is presented
in Figure 1. The materials utilized in its construction were: polymethylmethacrylate (PMMA)
material coated with graphite, silver glue and coaxial cables. The chamber collecting electrode
has a diameter of 42.00 mm and thickness of 2.00 mm, and the chamber walls present a thick-
ness of 2.00 mm. The chamber outer and inner diameters are 56.03 mm and 46.01 mm, respec-
tively. The interior of the ionization chamber was totally coated with graphite, in order to ensure

a homogeneous electric field between the walls and the collecting electrode.
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Figure 1: Photo (a) and (b) diagrammatic scheme of the new plane-parallel ionization chamber
developed at LCI where the main components are shown: (A) PMMA wall; (B) Small insulator
pieces used to hold the collecting electrode; (C) collecting electrode; (D) stem and (E) sensitive

volume.

(i) (h)

A 20Sr+90Y check source device, Physikalisch-Technische Werkstatten (PTW), model 8921, with
nominal activity of 33 MBq (1994), was utilized for the stability tests. The other tests were un-
dertaken using an industrial X-ray unit, Pantak Seifert, model ISOVOLT 160HS, that operates
from 5 to 160 kV.

The established low-energy X-ray beams qualities for radiotherapy, defined by the Bureau Inter-
national des Poids et Mesures, BIPM [13], were used in this X-ray system, and their parameters
are listed in Table 1. The reference system used for these qualities was a parallel-plate ionization
chamber, PTW, model M23344. This reference system has traceability to the German primary
standard laboratory Physikalisch-Technische Bundesanstalt (PTB).

Tabela 1: Low-energy x-ray beam qualities for radiotherapy, established at the Pantak equip-

ment of LCI for calibration procedures, based on BIPM [13]

Radiation Voltage A(_jditio_nal Half-Value Air Kerma

Quality (kV) Filtration Layer Rate
(mmaAl) (mmaAl) (mGy.s?)

T-10 10 - 0.043 3.130+£0.013

T-25 25 0.372 0.279 2.762+0.011

T-30 30 0.208 0.185 9.638+0.042

T-50(a) 50 3.989 2.411 0.821+0.004

T-50(b) 50 1.008 1.079 4.027+0.016
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For the measurements the ionization chamber was attached to an electrometer, model UNIDOS
E, PTW, Germany. As the chambers used in this work are unsealed, all measurements were cor-
rected to the reference conditions of temperature (20-C) and pressure (101.3 kPa).

The uncertainties of all measurements obtained in this work are expanded uncertainties, obtained
by the combination of types A and B uncertainties, using a coverage factor of 2.

For the analysis of the results obtained in the present work, the IEC 60731 [14] recommenda-

tions, specific for dosimeters utilized in radiotherapy, were used as reference.

3. RESULTS AND DISCUSSION

3.1. Short- and Medium-term Stabilities

The stability tests were made using a %Sr+°°Y check source and a support of PMMA specially
developed for this ionization chamber (Figure 2(b)) to guarantee the reproducibility in the meas-
urements, as shown in Figure 2. The maximum value obtained in the short-term stability test was
0.2%, in accordance with the limit value of 0.3% provided by the IEC 60731 standard [14]. The
medium-term stability was obtained by plotting the results of the short-term stability test as a
function of time. As stated by IEC 60731 [14], the mean value obtained in each short-term test
must not differ from the reference value by more than 0.5%. As shown in Figure 3, all deviations
were within the acceptable limit [14]. This test was made during a period of three months, and it
will be continuously undertaken, within the quality control program of this new radiation detec-

tor.
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Figure 2: (a) Experimental set-up and (b) diagrammatic scheme for the stability tests of the new
plane-parallel ionization chamber developed at LCI.
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3.2. Saturation, lon Collection Efficiency and Polarity Effect
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The saturation curve indicates the best tension that shall be applied to the ionization chamber.
The saturation curves were obtained utilizing the T-30 and T-50(b) beams for radiotherapy (Fig-
ure 4). The value of the collection efficiency for any given irradiation condition is related to the
electrode geometry and may be conveniently measured using the two polarity voltages method,

given by the following equation [15]:

A%
(z) -1
Ks =207 [m
@) -G2)

V M,
Where My is the collected charge at a Vx voltage, and V1/V2 =2. For V1 = 200 V (or - 200 V) and

V2 =100 V (or -100 V); the ion collection efficiency was better than 99.99% for the T-30 and T-
50(b) radiation qualities.

Figure 4: Saturation curves of the new plane-parallel ionization chamber developed at LCI for
T-30 and T-50(b) radiation qualities. The maximum uncertainty was 0.1%, and therefore not

visible in the figure.
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Under identical irradiation conditions, the use of applied voltages of opposite polarities at an
ionization chamber may produce different readings; this phenomenon is the polarity effect. It

was obtained in this work, by comparing the collected charges at similar voltages of opposite
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signs. The maximum values of the polarity effect obtained for all tested voltages were 0.50% and
0.25% for the T-30 and T-50(b) radiation qualities, respectively. These values are within the rec-
ommended limit of 1% [14]. The voltage used in all the tests was +100 V.

3.3. Linearity of Response

The dose response curve of the ionization chamber was obtained using the T-50(b) beam for ra-
diotherapy, with characteristics shown in Table 1. In this test, the tube current was varied from 2
to 25 mA, with the ionization chamber positioned at 50 cm from the X-ray tube. This variation in
the tube current was made in order to provide different air kerma rates that were determined us-
ing the reference system calibrated for the T-50(b) quality beam. The results are shown in Figure
5. As expected, the ionization chamber response is linear with the air kerma rate. A linear fit of
the chamber response versus air kerma rate was obtained, and the uncertainty in the angular co-

efficient was only 0.01%, with a correlation coefficient R? of 0.9999%.

Figure 5: Linearity of response of the new plane-parallel ionization chamber developed at LCI.
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3.4. Leakage Current
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The leakage current should always be measured and should be insignificant compared to the cur-
rent obtained during the exposure to radiation. The leakage current was measured before and
after the measurements. The maximum value of the leakage current was 0.1% of the ionization
current produced at the minimum air kerma rate produced in this work. This value is within the

limit recommended internationally of 0.5% [14].

4. CONCLUSIONS

The parallel-plate ionization chamber designed and developed in this work presented a good per-
formance in all operational tests. The objective proposed in this work was achieved, offering to
LCI an alternative work standard for use in low-energy X-ray beams.

The results obtained showed that it is possible to develop a robust ionization chamber in a simple
way, using low-cost materials to offer to any metrology laboratory, or user, an accessible way to

achieve a dosimeter with requirements for a work standard.
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