Spectrophotometric analysis of radiochromic film
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Introduction
The apparent colour of EBT2 and EBT3 radiochromic films has changed over time, although the manufacturer has reported no change in activelayer composition since the films were released. Inspired by an Australasian Physical & Engineering Sciences in Medicine paper by Butson et al., a
spectrophotometer was used to investigate the physical basis of this anecdotal, qualitative observation.

Method

Material

The CE202 spectrophotometer was used to measure absorbance of
EBT2 and EBT3 film from different batches.
Absorbance spectra were measured for non-irradiated samples of (a)
EBT2 film from a batch supplied soon after EBT2 film’s release (expiry
2011), (b) EBT2 film from a batch supplied around the time of EBT3
film’s release (expiry 2013), (c) EBT3 film from a batch supplied soon
after EBT3 film’s release (expiry 2013), and (d) a recent batch of EBT3
film (expiry 2016).
Additionally, samples of recent EBT3 film were irradiated to known
doses and absorbance measured at 635 nm (the location of an
absorption peak), to provide an absorbance-dose calibration
relationship.

Results

The CE202 spectrophotometer, purchased in the 1970s. It was purchased for use
as part of a Fricke solution dosimetry program, in preparation for the introduction
of electron beam therapy. It remained unused, as ion chambers were used instead.

Discussion
The observed visual changes in the colour of EBT2 and EBT3 films is
supported by absorbance measurements.
Comparison of the absorbance spectra for the older and newer EBT3
film samples shows that the small absorbance peaks centred around
the wavelengths of orange and green light have declined in relative
magnitude, for the newer EBT3 film, compared with the large peak
centred near the wavelength of yellow light.

Conclusion
Spectrophotometry measurements showed important differences
between film samples from different batches and between film
samples irradiated to different doses. The CE202 spectrophotometer
could be used for absolute dose calibration of radiochromic film
measurements, in circumstances where measurement uncertainties
of 3% are acceptable and where doses less than 800 cGy are
delivered.

Calibration results for EBT3 film suggest that absorbance
measurements are (like conventional optical density measurements)
sensitive to the post-irradiation darkening of the film and the
positioning of the sample relative to the light source.
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