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1. Introduction

The three-dimensional dosimeter with Fricke solution was conceptualized in the 1980s by Gore et al. by
adding a gel matrix to this solution to maintain its structure and reduce information loss due to diffusion
[1]. The Fricke solution is a reference in chemical dosimetry that operates by analyzing the concentration
of ferric ions (Fe3+) resulting from the oxidation reaction related to the absorbed dose by the material.
The Fricke solution is initially composed of ferrous ions (Fe2+ ) [2]. To enable other methods of analysis,
the addition of the xylenol orange ligand, a metal indicator, allows the Fricke gel solution to be evaluated
through optical analysis. The binding of Fe3+ forms an FXO complex that enables analysis of a specific
wavelength of the solution proportional to the concentration of Fe3+ ions [3]. Innovations in radiotherapy
techniques aim to administer the dose in a conformal manner, reducing exposure to surrounding healthy
tissues. To achieve this goal, a complex dosimetry system capable of providing dose results with a
specific volume is essential [4]. One approach to analyzing the irradiated Fricke dosimeter is through
optical computed tomography. Images are generated based on the variation in attenuation before and after
irradiation. The application of mathematical algorithms for inverse problems is used to reconstruct the
obtained images. These reconstructions enable the analysis of volumes of interest in the solution,
correlating the attenuation variation with the deposited dose in the material [5]. This study presents the
methodology and initial findings of the characterization of the Optical CT technique for a modified Fricke
Xilenol Solution. The experiment involved irradiating FXG solution using a Gammacell source and a
Theratron 780c system, both with a ®Co source. Results involved analysis of the reconstruction image
which is made by attenuation values of the difference before and after irradiation. To assess the impact of
irradiation on attenuation and its correlation with dose lead filters were employed to induce radiation
attenuation. This approach allows for discerning differences among regions within the irradiated volume,
potentially informing the application of analysis in radiation therapy protocols involving irradiated
volumes.
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2. Methodology

For the preparation of the Fricke Xylenol gel solution, the following reagents are used: porcine gelatin, 270
Bloom (food grade) obtained from Gelita, Brazil; sulfuric acid (H,SO, ) pro-analysis (PA) obtained from
Merck; sodium chloride (NaCl) pro-analysis (PA) obtained from Merck; Mohr’s salt / Ferrous ammonium
sulfate Fe(NH,),(S0,),6H,0) pro-analysis (PA) obtained from Merck; xylenol orange (C;,H»N,Na,O,,S)
pro-analysis (PA) obtained from Merck. The first step of the experiment focused on characterizing the
Optical CT system to confirm its appropriateness for use. Prior research on the Optical CT system identified
artifacts stemming from the initial high attenuation value of the solution, leading to difficulties in analyzing
the reconstruction images [6]. This problem is particularly common in radiochromic gels, resulting in a
distinct artifact referred to as the cupping artifact [7]. After preparation, the solution is placed in a bottle
with a diameter of 5 cm and a height of 7 cm and is kept refrigerated (4°C £ 1°C) for 20 hours until the time
of irradiation. Ten bottles of the solution were prepared, and they were irradiated using a Gammacell
apparatus with a ®Co source located at the Radiation Technology Center. The solutions were irradiated with
doses from 1 to 10 Gy at intervals of 1 Gy. A characteristic of the Gammacell source is its ability to irradiate
the entire solution, providing an effective method for detecting and verifying issues associated with artifacts
in reconstructed images. After irradiation optical tomography analyses were conducted using the Vista 16
equipment (ModusQA) located in the High Dose Laboratory at the Radiation Metrology Center. The second
part of the work was to irradiate the solution in a teletherapy equipment Theratron 780c system, located in
the Instrument Calibration Laboratory. The FXG solution was placed inside a water phantom of 30 cm x 30
cm x 30 cm dimensions. Three flasks of the solution were irradiated with a dose of 5 Gy. Lead filters
(14 mm diameter) were utilized in two flasks and the third flask without lead filters. In the first flask, the
lead filters have central holes of 0.1 mm diameter, and it used 7 cm, 5 c¢cm, and 2 cm of lead thickness. The
lead filters in the second flask do not have holes and used 7 cm, 5 cm, and 2 cm of lead thickness.

3. Results and Discussion

A Python script was developed to facilitate visualization, generating a colormap. The initial results are
showcased in Figure 1, displaying the reconstructed images of the FXG solution after irradiation in
Gammacell. Notably, there is a visible increase in the attenuation depending on the increase in dose. The
image displays transversal slices of the reconstruction, demonstrating the absence of any artifacts.
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Attenuation map for FXG solution
FXG solution irradiated in a ®°Co source
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Figure 1: Slices Z of the reconstruction images of FXG solution with respective attenuation as colormap.

The Optical CT system produces images showing attenuation values after Theratron 780c irradiation.
Correlating attenuation with dose allows representation in percentage values. Figure 2 shows the coronal
slice of the gel.
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Figure 2: Reconstruction images of the X-axis. A) The FXG solution with 5, 7, and 9 mm lead
filters with 0.1 mm central hole; (B) The FXG solution with 5, 7, and 9 mm lead filters without
hole; (C) The FXG solution without lead filters.

The regions where the lead filters were placed in each FXG flask are evident. Figure 2.A shows a prominent
dot with a high percentage dose value at the center of the lead filter. Figure 2.B clearly illustrates the
fluctuating percentage dose relative to the thickness of each lead filter. Additionally, Figure 2.C indicates
that the radiation field irradiated all flasks.

4. Conclusions
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In conclusion, this study demonstrates the efficacy of the Optical CT system in characterizing
radiation-induced attenuation in FXG solutions. The methodology employed, including irradiation with
Gammacell and teletherapy apparatuses, combined with optical tomography analyses, provided valuable
results into attenuation patterns and the effects of lead shielding. These initial findings show the potential of
Optical CT analysis for further research in radiation 3D dosimetry for radiation therapy protocols and quality
assurance measures. Future research will investigate the mechanisms of Optical CT analysis in FXG
solutions and their clinical applications.
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