4 Establishment of a Tandem | onization Chamber
System in Standard Mammography Beams

Jonas O. da Silva and Linda V. E. Caldas

Instituto de Pesquisas Energéticas e Nucleares,ssamiNacional de Energia Nuclear
(IPEN-CNEN/SP)
Av. Prof. Lineu Prestes, 2242,
05508-000, Brazil

jonas.silva@pen. br and | cal das@ pen. br
http://ww. i pen. br

Abstract. A double-faced tandem ionization chamber systes developed at
the Calibration Laboratory of IPEN. It has differeilecting electrode mate-
rials: aluminium and graphite. The response repdataand reproducibility
and the energy dependence test of this tandemaitoizchamber were eva-
luated. The chamber response stability is withanB% limit recommended in
international standards. The energy dependenceteke ionization chamber
system using the tandem curve obtained, presegregment with literature re-
sults.

1 Introduction

X-ray beam qualities are generally characterizeteims of the beam half-value
layers. For the purpose of quality control prograthe half-value layers using absor-
bers shall be determined periodically. Neverthel#gds a very high time-consuming
technique and it is usually not even carried outliyics. So, it is important to devel-
op easier and faster procedures to evaluate thetiadqualities.

The tandem system is a practical method for routimecking of the X radiation
gualities. It consists in comparing the respondesnailar detectors, but with different
energy dependencies. The usually common detegp@stio be utilized as tandem
systems are the ionization chambers [1-5] and tblerminescent dosimeters [6].
Some tandem systems were already tested in diagmadiology qualities, mammo-
graphy and therapy beams [1-5].

The objective of this work is to present an altémeamethod for checking the
standard mammography X-rays qualities, with alumimand molibdenium filtrations,
using a homemade tandem ionization chamber sy3thenmethodology proposed in
this work can de used in calibration laboratoried mammography clinics.



2 Materialsand Methods

The tandem ionization chamber system was develap#te Calibration Laborato-
ry of IPEN (LCI). This system consists of two ioafion chambers of same geometry,
but with collecting electrodes of different matésialuminium and graphite. They are
constructed together in the same acrylic body, @ach ionization chamber has a
sensitive volume of 6.0 cinlt is double-faced ionization chamber.

A PTW UNIDOS-E electrometer was utilized for treading acquisitions of the
developed tandem ionization chamber system. Fornteasurements, the tandem
ionization chamber system was polarized with +300 V

The irradiation systems used in the present workevee Pantak Seifert Isovolt
160HS X-ray equipment with tungsten target, whipkerates from 5 to 160 kV, and a
935r+°% PTW check device (33 MBq, 1994). An acrylic halder the geometrical
reproducibility between the tandem ionization chamflystem and the check source
was developed, as presented in Figure 1.

A Radcal RC6M ionization chamber was used to obfaénair kerma rates during
the experiments. This ionization chamber was cafdit at Physikalisch-Technische
Bundesanstalt (PTB), and it is the reference sy$terthe LCI mammography quali-
ties. The calibration coefficients for the tandemization chamber system were ob-
tained from the tandem system and the referenaalmameasurements.

The PTB mammography qualities [7] utilized in thisrk were established at LCI,
and they are described in Table 1 (for aluminiurditi@hal filtration) and in Table 2
(for molybdenum and aluminium additional filtrat&)n The effective energies were
obtained by calculation based on NIST X-ray matnattion coefficients [8]. As the
tandem ionization chamber is unsealed, the measumtsrnvere corrected for the stan-
dard environmental conditions of temperature asdgure.

For the measurements of the ambient temperatur@rsdure in the X-ray labora-
tory a Hart Scientific thermometer, 1529 model, an@E Druck barometer, DPI 142
model were utilized. The relative humidity variedtlween 50% and 60%, and it was
controlled using dehumidifiers and an air-condiithgnsystem.

Fig. 1. The tandem ionization chamber with §8r+°°y check source holder



Table 1. PTB mammography radiation qualities implemented. @t Aluminium additional
filtration

. Tube Tube Additional Half-value Effective Air-kerma
Radiation

X voltage current filtration layer energy rate
quality ") mA)  (mmAl)  (mmAl)  (keV)  (mGy/min)
Direct beams
WAV 25 25 10 0.57 0.35 15.4 22.72
WAV 28 28 10 0.57 0.40 16.1 30.40
WAV 30 30 10 0.58 0.43 16.6 34.79
WAV 35 35 10 0.62 0.51 175 44.56
Attenuated beams

WAH 25 25 10 2.57 0.73 19.8 1.66
WAH 28 28 10 2.57 0.88 21.2 3.00
WAH 30 30 10 2.58 0.97 22.0 4.05
WAH 35 35 10 2.62 1.21 23.8 7.14

Table 2. PTB mammography radiation qualities implementedGit Molybdenum and alumi-
nium additional filtrations

Radiation Tube Tube A_dditipnal Half-value Effective Air-kerma
. voltage current filtration layer energy rate
aualilty "oy (mA) (mmAl) (mmMo) (mmA)  (keV) (mGy/min)
Direct beams
WMV 25 25 10 0.07 0.36 15.6 9.56
WMV 28 28 10 0.07 0.37 15.7 11.94
WMV 30 30 10 0.07 0.38 15.9 13.48
WMV 35 35 10 0.07 0.41 16.3 17.53
Attenuated beams

WMH 25 25 10 2.00 0.07 0.56 18.1 0.46
WMH 28 28 10 2.00 0.07 0.61 18.7 0.66
WMH 30 30 10 2.00 0.07 0.68 19.4 0.83
WMH 35 35 10 2.00 0.07 0.93 21.7 1.46

3 Results and Discussion

The tandem ionization chamber was studied in latd its repeatability and re-
producibility tests and energy dependence. Foisyistem repeatability and reprodu-
cibility tests the reference distance of 1.0 mnufse to chamber distance) was uti-
lized for the®Sr+*°y measurements, and 1.0 m (focal spot to chamtstartie) for
the mammography radiation quality measurements.



3.1 Repeatability and Reproducibility Tests

The repeatability and reproducibility tests (alstled short- and medium-term sta-
bility tests) were performed using the check soufFae the repeatability test 10 suc-
cessive measurements in the same conditions wkes,tand the mean value was
obtained. The geometrical reproducibility was gantead by the use of the acrylic
holder. In this test the highest variation was3@0for the aluminum collecting elec-
trode chamber and 0.04% for the graphite colleatliegtrode chamber, both for posi-
tive polarity.

The reproducibility test results are presentedigufe 2 as a set of measurements
of the repeatability test. As can be observed,ntieasurements performed with the
tandem ionization chamber system were within +3%reecommended in IEC 61674
[9] standard for this test.
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Fig. 2. Reproducibility test of the tandem ionization chamb

3.2 Energy Dependence Test

The tandem ionization chamber energy dependentevéssevaluated by its cali-
bration in the mammography radiation qualities. Thébration coefficients and the
respective correction factors are presented inékaBland 4. In Figures 3 and 4 are
presented the energy dependence test resultsefanainmography radiation qualities.
Table 5 presents the energy dependence maximuatiearivalues. In the case of the
WAV and WAH radiation qualities, the energy deperge showed a maximum of
7.2% for the aluminium collecting electrode chaméed a minimum of 1.6% for the
graphite collecting electrode chamber. For the WEhd WMH radiation qualities,



the tandem ionization chamber presented a maximamation of 9.1% and a mini-

mum of 0.7%.

Table 3. Calibration coefficients for the tandem ionizationamber. The correction factors
were obtained by normalization with the WAV 28 aNé\H 28 radiation qualities

Radiation
quality

WAV 25
WAV 28
WAV 30
WAV 35

WAH 25
WAH 28
WAH 30
WAH 35

lonization chamber
Graphite electrode

Aluminium electrode

Calibration .
.. Correction
coefficient factor
(Gy.uCh
Direct beams

2.574 +£0.025 1.031 £0.014
2.496 + 0.024 1.000 +0.014
2.431 +£0.023 0.974 £0.014
2.316 +0.023 0.928 £0.014
Attenuated beams
2.138 £0.027 1.043 +0.013
2.049 £ 0.022 1.000 +0.015
2.003 £0.021 0.978 +0.015
1.919 + 0.019 0.937 £0.014

Calibration
coefficient

(Gy.uCh

4.381 +0.042
4.432 +0.043
4.444 +0.043
4.501 +0.043

4.618 + 0.059
4.684 + 0.050
4.705 +0.048
4.769 + 0.047

Correction
factor

0.988 +0.013
1.000 +£0.014
1.003+£0.014
1.016 £0.014

0.986 + 0.016
1.000 £ 0.015
1.005 £+ 0.015
1.018 £ 0.015

Table 4. Calibration coefficients for the tandem ionizatiohamber. The correction factors
were obtained by normalization with the WMV 28 aNtH 28 radiation qualities

Radiation
quality

WMV 25
WMV 28
WMV 30
WMV 35

WMH 25
WMH 28
WMH 30
WMH 35

lonization chamber
Graphite electrode

Aluminium electrode

Calibration .
.. Correction
coefficient factor
(Gy.uCh
Direct beams

2.602 £ 0.025 1.009 +0.014
2.580 + 0.025 1.000 + 0.014
2.555 +0.025 0.991 + 0.014
2.499 + 0.024 0.969 + 0.013
Attenuated beams
2.296 +0.072 1.028 + 0.014
2.233 +0.054 1.000 + 0.034
2.185 + 0.046 0.978 + 0.031
2.030 £ 0.028 0.909 + 0.025

Calibration
coefficient

(Gy.uCh

4.355 +0.042
4.380 +0.042
4.380 + 0.042
4.410 £ 0.043

4.370 +0.137
4.484 +0.108
4.521 +0.096
4.635 + 0.065

Correction
factor

0.994 +0.014
1.000 +£0.014
1.000 +£0.014
1.007 £0.014

0.975 +0.039
1.000 £ 0.034
1.008 +£0.032
1.034 +0.029
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Fig. 3. Energy dependence test of the tandem ionizatiambler for (a) WAV and (b) WAH
radiation qualities
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Fig. 4. Energy dependence test of the tandem ionizatiambler for (a) WMV and (b) WMH
radiation qualities

Table5. Energy dependence maximum variation values ofehdem ionization chamber

Radiation lonization chamber
quality range Aluminium electrode Graphite electrode
WAV 7.2% 1.6%
WAH 6.3% 1.8%
WMV 3.1% 0.7%
WMH 9.1% 3.4%

In IEC 61674 standard [9] the influence quantifasmammography energy range
are defined for molybdenum anode tube. But, acogrdd IAEA TRS 457 [10], a
good compromise would be to use an X-ray tube titiysten target and molybde-
num filter. As the limits of variation of this teshould be within + 5%, according to
IEC 61674 [9], it can be seen from Table 5 thatitimization chamber with graphite
collecting electrode is suitable for dosimetry bisttype of beam. The ionization



chamber with aluminium collecting electrode presdrgnergy dependence within the
standard limits only in the case of the WMV quatiynge.

The results for the ionization chamber with graphibllecting electrode are in
agreement with literature [1-3]. The tandem curebtined from the chamber re-
sponse ratios are presented in Figure 5 for the ViaAd WAH radiation qualities
ranges and in Figure 6 for the WMV and WMH radiatipualities ranges. The tan-
dem curve shapes are adequate for mammographyyeaaages [5].

T T
a) WAV b) WAH

Tandem factor
Tandem factor

T ! ! ! T T T T T T T
036 0.40 044 048 052 070 080 0.90 1.00 110 120

Half-value layer (mmAl) Half-value layer (mmAl)

Fig. 5. Tandem curves for (a) WAV and (b) WAH radiatioratjties
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Fig. 6. Tandem curves for (a) WMV and (b) WMH radiatioratjties

4 Conclusions

The tandem ionization chamber was tested in stande@mmography radiation
fields implemented at LCI. The tandem ionizatiorarier system showed adequate
response in terms of stability and energy deperelesc specified in international
standards. A difference in response was observedafth chamber, due to the differ-
ent materials in their collecting electrodes. Fithmenergy dependence curves, it was
possible to construct tandem curves, which may Isdufor confirma-
tion/determination of the half-value layers of thdiation beams. Therefore, it can be



concluded that the new tandem ionization chambstery can be used to verify the
radiation qualities of the mammography beams estad at LCI.
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