First Latin-American Congress

on Solid State Dosimetry and Radiation Measurements

RADIOCHROMIC FRICKE GELS WITH CYANINE ERIOCHROME FOR
RADIOTHERAPY DOSIMETRY

ALMEIDA, W. S;t ALVES, A. V. S;2 SOUZA, S. O;® ’ERRICO, F;2# SUSSUCHI, E. M.t

!Departamento de Quimica, Universidade Federal de Sergipe, 49100-000 S#o Cristévéo, SE, Brazil, wandsonqui-

mico@gmail.com

2School of Medicine, Yale University, New Haven, CT, USA

3Departamento de Fisica, Universidade Federal de Sergipe, 49100-000 S#o Cristovéo, SE, Brazil

4Universita di Pisa, Scuola di Ingegneria, Pisa, Italy

Introduction: Fricke gels (FG) are tissue equiva-
lent, non-toxic materials that allow the three-dimen-
sional mapping of the dose delivered by a beam of ion-
izing radiation. FG dosimeters are synthesized from
chemical substances whose final composition is sensi-
tive to radiation through the oxidation of Fe?* ions to
Fe3* ions as a function of absorbed radiation dose *.

One of the shortcomings of FGs is the blurring
caused by the diffusion of Fe3* ions formed after irradi-
ation. In the attempt to solve this problem, new formu-
lations of radiosensitive gels were developed 23, In this
research, we investigated the addition of the ligand eri-
ochrome cyanine R (ECR) in the FG-PVA matrix cross-
linked with glutaraldehyde as a dose marker in the visi-
ble ultraviolet (UV-VIS) region.

Material and method: FG-PVA with ECR was syn-
thesized under optimized stoichiometric proportions
with 0.20 mmol L* of ECR, 0.70 mmol L* of Fe?,
8.00 mmol L of H,SO4, 26.50 mmol L of glutaralde-
hyde and PVA (10%). The gel obtained was transferred
and stored in poly(methyl methacrylate), acrylic cu-
vettes and then irradiated in the dose range from 0.0 to
40.0 Gy under charged particle equilibrium inside a wa-
ter phantom.

Results: Under optimized conditions, FG-PVA with
ECR showed radiation sensitivity, matrix stability, a low
minimum detectable dose, and linearity for the range
from 0.0 to 40.0 Gy. The UV-VIS absorption spectrum
is shown in Figure la.

wrtece

Mowtans
1
I
=

s

A ERIEE
D 16r]

Wardag (i

Figure 1: (a) Absorption spectra of FGECR irradi-
ated with X-rays and (b) FGECR dose-response curve,

in the dose range of 0.0 to 40.0 Gy. The dots correspond
to the maximum intensity of the absorption band at 561
and 739 nm.

The signal exhibits a linear dose response in corre-
spondence to the two absorption maxima. Figure 1b
shows the dose-dependent absorption values measured
at the wavelengths of 585 and 739 nm.

In particular, the signal at 585 nm can be used to
measure doses in radiotherapy, and presents a minimum
detectable dose of 0.67 Gy. The signal is fairly stable
over time: non irradiated samples present an increase in
absorption of 0.007/day due to spontaneouns oxidation.
The absorption band at 561 nm presents a linear regres-
sion coefficient of r> = 0.9922, while the slope, used to
express the sensitivity, was 0.0408 + 0.0001 Gy

The band of lower intensity, a characteristic band
of the d-d transitions from the metallic center (Fe®*) co-
ordinated to the ECR ligand, presented a linear regres-
sion coefficient of 0.9992 and a sensitivity of
0.01265 + 0.00006 Gy™.

Conclusions: FG-PVA with RCT has several ad-
vantages for application in radiotherapy, as it is easy to
prepare, does not require a complex synthetic route sys-
tem, is tissue equivalent, sensitive to low doses, and is
fairly stable over time.
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