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ABSTRACT

The accurate EPR dosimetry using the amino acid alanine requires adequate equipment, good procedures and
specialized staff. The application of this technique for low doses, including the radiotherapy dose range,
presents some difficulties. Native signal of detector materials, EPR quartz tube signals and low signal-to-noise
ratio for low doses are examples of problems that affect the spectrum and can make difficult the correct signal
analysis. This paper describes the work carried out at IPEN towards the establishment of a computer program to
increase the detection range of this dosimetry system. The mathematical tools for treatment of EPR signals are
evaluated, the best procedures for dosimeters preparation and techniques of measurement are explored, aiming
to improve the process. The developed software incorporates the main techniques of data analysis of EPR
spectrum and the usual procedures in dosimetry laboratories for high doses evaluation, including the
uncertainties calculation of the method. The standardization of the procedures allows obtaining results with
better quality and enhanced precision and accuracy.

1. INTRODUCTION

The Electron Paramagnetic Resonance, EPR, dosimetry using the amino acid alanine as
sensitive material is a useful dosimetry system applied to transfer and standardization of high
dose dosimetry. The technique is based on the quantification of free radicals radiation
induced in paramagnetic substances. Traditionally, the peak-to-peak height of the central
element of the EPR signal is measured and associated with a calibration curve [1].
Alanine/EPR dosimetry has been used as reference standard method for high dose
measurements in the dose range between 10 and 10° Gy, extensible to radiotherapy dose
levels, 1-10 Gy, with accuracy better than 3% [2]. The EPR technique is applied also for
situations involving radiological emergencies by means of the evaluation of the paramagnetic
materials found in the accident site, or near the victims, such as sugar, glasses or plastics. In
the last years, retrospective dosimetry using tooth enamel and bone was well established,
allowing dose reevaluation in the case of Hiroshima and Nagasaki [1, 2, 3]. In all
applications, the base of the method is the correct interpretation of the EPR signal and
accurate results that requires adequate equipment conditions, good procedures and
specialized staff.

The application of this technique for low doses, including the radiotherapy dose range,
presents some difficulties. Native signal of detector materials, EPR quartz tube signals and
low signal-to-noise ratio for low doses are examples of problems that affect the spectrum and
can make difficult the correct signal analysis. Specifically in the alanine/EPR dosimetry, the



evaluation of doses lower than 10 Gy is obtained only after the signal processing of the
spectrum [4, 5, 6].

This paper describes the work carried out at IPEN towards the establishment of a computer
program aiming to increase the detection range of this dosimetry system [7]. The developed
software incorporates the main techniques of data analysis of EPR spectrum and the usual
procedures in dosimetry laboratories for high doses evaluation, including the uncertainties
calculation of the method. The standardization of the procedures allows to obtain results with
better quality and enhanced precision and accuracy [8, 9].

2. STRATEGY TO THE SOFTWARE DEVELOPMENT

The strategy to the software development was based on basic assumptions of new software
engineering: modularization, reuse, user-friendliness and web-enhanced. The Prototyping
paradigm was used to building the software.

2.1. Requirement Analysis

Problem Characterization:

The software was developed taking account the main activities of the High Doses Dosimetry
Laboratory of IPEN [7, 11]. The initial steps were: identification of the main process
involving high doses assessment and establishment of procedures to the development of each
activity, aiming to define the business-oriented rules and the interfaces of the program.
Laboratory Activities:

The most important characteristic of this system is that it is in total agreement with the
Quality System of the laboratory. The main processes identified at the laboratory are
presented in Table 1.

Table 1. Main process identified at the High Doses Dosimetry Laboratory of IPEN.

Laboratory Activities:
1) Routine Dosimetry using alanine dosemeters for two dose ranges:
A) IP - Irradiation Processing (10 - 105) Gy
B) RT - Radiotherapy (1 - 10) Gy

2) Dose Reconstruction and Emergency Dosimetry
3) Research & Development - new materials, procedures optimization

2.2. Building the Prototype

Starting from this information was possible to initiate the software modeling. In this study
was used software engineering concepts and techniques of construction and analysis of object
oriented programming - OOP.

To provide such characteristics the modeling and definition of the interface were performed
with Unified Modeling Language (UML) aid [13]. The software implementation was done
using object-oriented language Java. An interface based on Java allows the visualization,
mathematical handling of the signals and update of the database by Web.
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Use Cases:
The laboratory procedures and activities were evaluated and incorporated at the software

interfaces by means of the construction of known diagrams named Use Cases. These
diagrams give support to requirements definition of the system design taking account the user
expectations. The principal Use Cases studied is presented in Table 2. The Use Cases were
grouped in scenarios associated with the type of the performed activity. For each Use Case a

diagram of events can be elaborated.

Table 2. Scenarios to the use of the software (Use Cases).

Use Cases (scenarios):

Routine (IP and RT):
Calibration Curve Construction (for each dosemeter material and batch set)

Routine Dose Assessment

Research:

Simulation (amino acid only)

Investigation on new dosimetric substances (characterization)
Accident:

Investigation

Calibration curves (for each dosemeter material)

Dose Assessment

3. MATHEMATICAL APPROACH AND RESULTS

The usual method for alanine/EPR dosimetry is to measure the peak-to-peak height of the
central element of the spectrum and make its association with the calibration curve. Doses
higher than 10 Gy present a clear signal of easy interpretation. The Fig. 1 presents a typical
spectrum of DL-alanine irradiated with 500 Gy of %Co gamma radiation.
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Figure 1. Typical EPR spectrum of alanine for “’Co gamma dose (500Gy).

INAC 2005, Santos, SP, Brazil.



For doses above 10Gy, the signal-to-noise ratio is low and a mathematical treatment of the
data is necessary for the correct determination of the peak-to-peak amplitude. The software
developed incorporates the main techniques for EPR signal extraction of the high noise
spectra and improve the accuracy of the method. The idea was extract directly the signal, Sp,
of the raw spectrum, without carry out through the correction of baseline (Eq. 1). Particularly,
Wavelets Transform was used to the signal extraction [12].

Spectrum = Signal (S, + S,) + Noise (N . + N ;) (1)

where:
Sp: absorbed dose signal extracted with filters based in wavelet transform
Sy: background noise (pre-dose) of unirradiated dosimeter
Nyr: Low frequency noise - baseline distortion (quartz tube, cavity)
Npyr: High frequency noise (electronic associated)

The Fig. 2 presents the application of this method for three EPR/alanine spectra with high
noise. The filters based Wavelet Transform presented results 7% better than the extraction of
signals using Fast Fourier filters and baseline correction [14].
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Figure 2. Application of the Wavelet Transform for alanine/EPR
dosemeters (1 Gy, 60Co).
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4. CONCLUSIONS

The construction of a software to help the dose assessment activities of the High Doses
Dosimetry Laboratory of IPEN is part of the process of quality assurance and will improve
the accuracy of the evaluated results. The new method for raw spectrum treatment based on
Wavelet Transforms has presented better results that the traditionally used Fourier Filters.

ACKNOWLEDGMENTS

The authors are grateful the IFUSP for the use of the Bruker spectrometer and to CNPq and
IAEA by the finnancial support .

REFERENCES

1. Ikeya, M. New Application of Electron Spin Resonance — Dating, Dosimetry and
Microscopy. Word Science Publishing — London, (1993).

2. Regulla, D. E and Deffener, U., “Dosimetry by ESR Spectroscopy of Alanine”, Int. J.
Appl. Radiat. Isot. vol. 33, pp. 1101-1114, (1982).

3. Regulla, D. F.,, “EPR Dosimetry — Present and Future. In TAEA: Techniques for high dose
dosimetry in industry, agriculture and medicine”, Proceedings of a symposium held in
Vienna, 2-5 November, (1998). IAEA-TECDOC-1070.

4. Sharpe, PH.G. and Sephton, J.P., “Alanine Dosimetry at NPL - The Development of a
Mailed Reference Dosimetry Service at Radiotherapy Dose Levels”, Proceedings of a
symposium held in Vienna, 2-5 November, (1998). IAEA-TECDOC-1070.

5. Nagy, V.;Sholom, S. V.; Chumak, V. V.; Desrosiers, M. F., "Uncertainties in alanine
dosimetry in the therapeutic dose range", Applied Radiation and Isotopes vol. 56, pp.
917-929, (2002).

6. Rodrigues Jr. Galante, O.L.; Campos, L.L., “Um Sistema Dosimétrico de Referéncia para
o Intervalo de Dose da Radioterapia baseado na Alanina/RPE”, V Congresso Regional do
IRPA, Recife, 29 de abril a 4 de maio de 2001.

7. Galante, O. L.; Rodrigues Jr., O. and Campos, L. L., “Development of a Dosimeter for
High Doses Assessment Based on Alanine/EPR”, 10" International Congress of the
International Radiation Protection Association. International Conference-Center
Hiroshima — may 14-19, (2000).

8. Hayes, R.B.; Haskell, E.H.; Wieser, A.; Romanyukha, A. A.; Hardy, B.; Barrus, J. K.,
“Assessment of an Alanine EPR dosimetry technique with enhanced precision and
accuracy”, Nuclear Instruments and Methods in Physics Research vol. 440, pp. 453-461,
(2000).

9. Chumak, S. V.; Pavlenko, JU.; Sholom, S. "As Approach to the Assessment of Overall
Uncertainty of Determination of Dose using an ESR Technique", Applied Radiation and
Isotopes vol. 47(11-12), pp. 1287-1291, 1996.

10. Pressman, R. S. Software Engineering: A Practitioner’s Approach. McGraw-Hill Book
Company (New York), third edition, (1992).

11. Standard Practice for Use of the Alanine-EPR Dosimetry System, ISO/ASTM
51607:2002(E).

12. Donoho, D. L. "De-noising by soft-thresholding", IEEE Trans. On Information Theory,
vol. 41(3), pp. 613-627, (1995).

INAC 2005, Santos, SP, Brazil.



13. Meilir Page-Jones Fundamentals of Object-Oriented Design in UML, Addison Wesley
Longman, (2001).

14. Rodrigues Jr., O. “Desenvolvimento de um Programa Computacional para o Tratamento
de Sinais Obtidos pela Ressondncia Paramagnética Eletronica na Dosimetria de Doses
Altas”, thesis, Instituto de Pesquisas Energéticas e Nucleares — IPEN/USP, Sao Paulo
(2003).

INAC 2005, Santos, SP, Brazil.



