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HIGHLIGHTS

» A special pencil-type ionization chamber was characterized for radiotherapy X-ray beams.
» The results of the characterization tests were within the recommended limits.

» The EGSnrc code was employed to evaluate the components of the dosimeter.

» The simulations showed that this novel configuration is suitable for this application.

» This dosimeter may be used for quality control programs at laboratories and clinics.
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The aim of this work was to study the performance of a pencil ionization chamber with a sensitive
volume of only 1.06 cm?® and a length of 3.0 cm, developed at the Calibration Laboratory of the IPEN,
in very low-energy radiotherapy X-ray beams. These beams are still used for certain skin cancer
treatments due to their rapid attenuation in tissue. The dosimeter performance was evaluated in some
tests proposed by the IEC 60731 standard: short- and long-term stability and linearity of response. For a
complete analysis of the dosimeter response, the EGSnrc Monte Carlo simulation was utilized to
investigate the influence of its different parts on the ionization chamber response. All results of the
tests were in accordance with the recommended limits, and this work shows that it is possible to
extend the application of this pencil-type ionization chamber developed at the LCIL.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

According to the IPEMB code of practice (Klevenhagen et al.,
1996), X-rays of half-value layers in the range 0.035-1.0 mm Al,
covering approximately those generated at tube voltages of
8-50 kV are defined as very low-energy X-rays. They may deliver
a relatively high dose rate with a limited penetration, which
makes them a good choice for the treatment of some skin
disorders and superficial lesions. Besides these uses in medicine,
radiobiology research laboratories may also use them in irradia-
tions of small animals or cells in culture media.

Although there is a limited number of centers employing these
radiation qualities, as compared to other techniques based on the
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use of linear accelerators, it is very important to maintain a quality
control program for these equipments. The quality control pro-
grams must include the periodic dosimetric measurements of their
equipment. The most common ionization chamber types employed
for this task are the cylindrical and parallel-plate ionization
chambers, as recommended by the TG-61 protocol (Ma et al.,
2001) and the IAEA TRS-398 report (IAEA TRS-398, 2000).

The calibration laboratory of the IPEN (LCI) offers calibration
services of dosimeters utilized in diagnostic radiology, radiotherapy,
including the T radiation qualities (BIPM, 2004) and beta applica-
tors. In addition to these services, the LCI also develops and
maintains some ionization chambers for dosimetry in radiotherapy
and diagnostic radiology. Recently, a new pencil-type ionization
chamber was developed to be used in dosimetry procedures of 5°Co
beams (Neves, 2012). Although some tests were already made for
the T-radiation qualities (Neves, 2012), such as saturation curve, ion
collection efficiency and polarity effect, further analyses are needed
in this energy range, as well as a more comprehensive under-
standing of the chamber components. This dosimeter has the
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advantage of a small sensitive volume (with a diameter of approxi-
mately 7.2 mm), which is suitable for radiation dosimetry in
radiotherapy. Moreover, this dosimeter presents a novel chamber
design for this energy interval, and a new wall material—polyvinyl
chloride (PVC).

In this work, the new dosimeter was submitted to a prelimin-
ary evaluation, following the IEC 60731 (2011) recommendations,
utilizing very low-energy radiation fields. Furthermore, Monte
Carlo simulations were carried out to evaluate the influence of
some components of the ionization chamber in the addressed
energy range. The main reason to undertake these simulations
was to understand how this geometry would influence the energy
deposition in the sensitive volume of the dosimeter. The influence
of the collecting electrode, PMMA body, and wall (thickness and
material) of the ionization chamber were studied using the Monte
Carlo code EGSnrc (Kawrakow et al., 2011).

2. Materials and methods

The ionization chamber characterized in this work is shown in
Fig. 1, with the scheme utilized during the simulations with the
EGSnrc code. The technical specifications of the dosimeter are
listed in Table 1.

The measurements have been carried out in air, and the majority
of them were made with a Pantak/Seifert industrial X-ray unit,

a
Collecting PMMA PVC Sensitive PMMA
electrode Body Wall volume Body

Fig. 1. (a) Pencil ionization chamber characterized in this work and (b) geometry
adopted in the Monte Carlo simulations.

Table 1
Technical specifications of the pencil ionization chamber
investigated in this work.

Characteristics Specifications

Electrode material Aluminum

Wall material Graphite-coated PVC
Electrode thickness 1.2 mm

Chamber inner diameter 6.7 mm

Chamber wall thickness 0.26 mm

Chamber sensitive length 30.0 mm

Chamber sensitive volume 1.06 cm®

Connector type BNC

Table 2
BIPM based X-ray beam qualities for radiotherapy (BIPM, 2004) established at
the LCL

Radiation quality Voltage (kV) HVL (mm Al)? K4y (MGy/s)”
T-25 25 0.279 2.76 +0.01
T-30 30 0.185 9.64 + 0.04
T-50(a) 50 2411 0.82 +0.01
T-50(b) 50 1.079 4.03 +0.02

@ Half-value layer.
b Air kerma rate.

model ISOVOLT 160HS utilizing the radiation qualities established
for radiotherapy (Table 2). These radiation qualities were estab-
lished at the X-ray system employing a parallel-plate ionization
chamber, PTW, model M2344, with traceability to the German
primary standards laboratory Physikalisch-Technische Bundesan-
stalt (PTB). On the other hand, the stability test was made with a
905r+9%y check source and a special PMMA holder developed by
Maia and Caldas (2003). The charge readings were taken with an
electrometer (PTW, model UNIDOS E), and corrected to the stan-
dard environmental conditions of temperature and pressure
because the ionization chamber is unsealed.

The EGSnrc user code (Kawrakow et al., 2011) has been used to
evaluate the influence of the collecting electrode and the PMMA
body on the ionization chamber readings. It was also employed for
the calculations of the response of the ionization chambers with a
wall of different thickness and different material (PVC was replaced
by PMMA). The number of simulated histories was 10°. The X-ray
photon spectra were obtained from the PTB (Biiermann, 2012),
acquired in a 450 kV Yxlon-facility with a tube of type “MB450-
1H450” from Thales, at a distance of 50.0 cm from the X-ray focus.

The uncertainties of all measurements obtained in this work
are expanded uncertainties (combination of type A and B uncer-
tainties for the experimental data, and type A for the simulations),
using a coverage factor of 2.

3. Results and discussion

To complete the performance tests of this ionization chamber,
it was submitted to the stability and linearity of response tests.
Moreover, a study of the influence of the chamber components on
its measurements was carried out using Monte Carlo simulations.

3.1. Short- and long-term stability

This test was done having recourse to a special PMMA support
and the radioactive check source. To assess the short-term
stability, ten successive measurements were taken. The max-
imum variation obtained was 0.2%, within the recommended
limit of 0.3% (IEC 60731, 2011). The long-term stability test was
evaluated plotting the short-term stability test as a function of
time (see Fig. 2(a)). As may be observed, the maximum variation
was within the standard recommendation of 0.5% (IEC 60731,
2011).

3.2. Linearity of response

This test was performed varying the ionization current
(2-25 mA) of the X-ray system to obtain different K, values.
The T-30 beam quality for radiotherapy (Table 2) was employed,
and the ionization chamber was positioned at 50 cm from the X-
ray tube focus. As expected, a linear fit of the chamber response
versus K,y was obtained (Fig. 2(b)), and the uncertainty in the
slope was only 0.01%, with a coefficient of correlation R* = 0.999.

3.3. Monte Carlo simulations

The Monte Carlo results were reported as the ratio between
the absorbed dose calculated in the air cavity without the studied
component and the absorbed dose calculated with the whole
ionization chamber. The simulation results completed the char-
acterization study of the ionization chamber evaluated in this
work, as the influence of some components (collecting electrode,
PMMA body and wall-material and thickness) may only be
determined by Monte Carlo simulations.
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Fig. 2. (a) Stability test of the ionization chamber during a time period of 12
months. The dashed lines represent the maximum recommended aeration (IEC
60731, 2011) and (b) Linearity of response of the ionization chamber. The
maximum uncertainty was 1% and therefore not visible in the figure.

Table 3
Influence of the collecting electrode and the PMMA body on the chamber
response.

Radiation quality Influence

Collecting electrode PMMA body
T-25 0.4921 + 0.0007 0.001 + 0.001
T-30 0.4899 + 0.0007 0.001 + 0.001
T-50(a) 0.2845 +0.0011 0.004 + 0.002
T-50(b) 0.4032 + 0.0010 0.004 + 0.001

These analyses were undertaken for the T radiation qualities
listed in Table 2. The chamber parts evaluated were: collecting
electrode, PMMA body and the thickness and material of the wall.
The influences obtained are presented in Table 3 for the collecting
electrode and PMMA body.

From the data listed in Table 3, it is possible to observe a large
influence of the collecting electrode on the chamber response. This is
due to the strong dependence of the photoelectric cross-section on
the atomic number in the examined X-ray energy interval. As shown
in the literature (Muir and Rogers , 2011), some dosimeters presented
also an electrode effect of up to 50% for X-ray beams generated by
tube potential of 200 kVp. The influence of the PMMA body is small,
mainly because the only contribution to the sensitive volume is from
the scattered radiation. This fact was also verified for other energy
ranges using similar ionization chambers (Neves et al., accepted for
publication; Perini et al.,, accepted for publication).

The wall was studied considering its thickness and material.
The PVC wall thickness was varied between 0.2 mm and 0.36 mm

(with the standard T radiation quality T-30). The maximum
variation on the dose in the cavity was 15%. This is mainly due
to the attenuation of the beam in the wall. It is very important to
note that a thinner layer could make the dosimeter less robust,
since it would have a very fragile wall. Furthermore, the sub-
stitution of the PVC wall by a PMMA wall, normally used in
ionization chambers developed for diagnostic radiology dosime-
try, would present a difference of only 1.4%. This small difference
shows that this new wall material is also suitable to be used in
this energy range.

4. Conclusion

The special pencil ionization chamber developed at the LCI was
submitted to various tests in order to evaluate it as a dosimeter in
very low-energy radiotherapy X-ray beams. The results were all
within the recommended limits. The Monte Carlo analyses showed
that the influences of the chamber components are all in accor-
dance with data available in the literature, indicating that this new
chamber design may be another option for dosimetry of very low
energy X-rays at calibration laboratories. These laboratories nor-
mally use parallel plate ionization chambers, with entrance win-
dows made of Mylar. It is also important to note that the tests
undertaken in this work followed IEC 60731 (2011) and that further
tests are still needed, as recommended by the TG-61 protocol (Ma
et al,, 2001) and by the IAEA TRS-398 report (IAEA TRS-398, 2000).
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