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The energy dependence of a dosimetry system based on electron paramagnetic resonance (EPR)
spectroscopy of alanine has been studied to deten-nme its suitability for use in dose verification for
radiotherapy. A few experiments with igh-energy photon irradiation of alanine have been reported n
the literature. However, the reported results disagree whether the ratio of dose in alanine to dose in
water is independent of the radiation energy or whether there is a small dependence for photon
energies of relevance to radiotherapy 1,2].

The concentration of free radicals in alanine is proportional to the absorbed dose in alanine over a
wide dose range covering three decades 3 Te relative number of radicals may be determined by
examining the EPR spectruni, and hence it is possible to determine the dose with a system that has
been calibrated using a known dose of "Co radiation.

In the present work, iadiations of alanine dosimeters were perfornied at the National Research
Council (NRC), in Ottawa, Canada. The radiation qualities investigated were 10, 20 and 30 MV x-
rays using the NRC linac. For each radiation quality, 30 dosimeters were irradiated in a water
phantom with a level of absorbed dose to water ranging from 10 to 50 Gy. For reference purposes,
irradiations using the NRC 60CO source were performed on more or less the same day as the
irradiations at each specific linac quality. In all beams, the dose to water was measured using a
graphite-walled NE2571 ionisation chamber that was oginally calibrated by comparison with a
sealed-water calorimeter.

The alanine dosimeters were evaluated at the EPR laboratory at the University of Oslo, Norway, using
an X-band Bruker ESP300E spectrometer with a rectangular double resonator. One of the resonators
contained a M2'/N4gO sample that was read after each dosimeter reading, in order to provide
independence from short-tenn sensitivity fluctuations in the spectrometer. All dosimeters iradiated at
one specific liac quality were evaluated at the same measurement session as the corresponding
reference dosimeters irradiated with Co. The ratio of alanine response per dose to water between the
linac and the 60CO irradiation provides a measure of the energy dependence that should be
independent of the EPR spectrometer configuration.

Figure I shows the experimental results for the alanmie dosimeters irradiated with a linac energy of 0
W together with the corresponding reference dosimeters irradiated with 60 Co. The peak-to-peak
amplitude of the central EPR line has been norinallsed to the corresponding manganese reference
signal, to the mass of the individual dosimeter as well as to a common fictive water temperature 4].
The response from the alanine per unit absorbed dose to water is estimated by the slope of the dose
response curve shown in figure 1. The slope and its standard uncertainty was calculated using a
weighted least squares linear regression [5].
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Figure 1. Dose-response curve for alanine dosimeters irradiated with 60CO gamma radiation and 
MV x-rays. The peak-to-peak amplitude of the central EPR line, normalised to the corresponding
manganese reference signal to the individual dosimeter mass as well as to a common irradiation
temperature, is plotted versus dose to water for 60CO gamma radiation () and 0 MV x-rays (0?The

black and grey lines are the weighted least squares (WLS) regressions for the two respective plots.

Th e size of the symbols is larger than the statistical uncertainty of each point, except for the 51 Gy
points.

The experimental energy dependence for one linac quality relative to 60CO is probed by taking the

ratio of slopes for the linac and the 61) Co dose response curves. The uncertainty in the ratios was

estimated according to 6].

The resulting energy dependence yields 0987 ± 0.005, 1.00 ± 0.005 and 096 ± 0006 for 10 20
and 30 MV, respectively. It is concluded that there is 'indication of a very small energy dependence of

alanine for the 10 MV quality which should be taken into account if a combined dose uncertainty of

less than 2 is required. Other photon ener 'es should be vestigated in order to find reliable91
correction factors for the apparent small energy dependence of alanine/EPR.
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