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Recently published protocols for clinical reference dosimetry in external high-energy photon and
electron beam radiotherapy by the AAPM [1] and the IAEA 2] are no longer based on traditional air-
kerma standards, but have instead adopted absorbed dose to water as the key quantity. The most direct
way to determine the absorbed dose to water is by employing a sealed-water type calorimeter 3,4] A
number of national standards laboratories, among which the NMi, are presently conducting effort
towards developing water calorimeters as the new standard for absorbed dose to water. The design of
the NMi water calorimeter has several unique features 5,6]. It is portable and compact, has radiation
windows for both vertical and horizontal beams, and has a built-in waterproof ionization chamber,
which can be used to determine experimental correction factors for the calorimeter lid, walls, etc.
[5,6]. Thermistor probes operable at 4 'C are mounted in a sealed high-purity water cell. A high-
quality water purifying system has been installed and integrated into a filling station for the water cell,
including a bubbling stage to saturate the water with different gasses to control the well-known heat
defect.

A forthcoming revision of the NCS (Netherlands Commission on Radiation Dosirnetry) protocols for
dosimetry of high-energy photon and electron beams 78] has direct relevance for the NMi water
calorimeter. In accordance with the nw AAPM and IAEA protocols, these revised protocols will also
no longer be based on air kerma bt on absorbed dose to water instead. The NCS subcommittee
'Uniformity Dosimetry Protocols' is currently drafting new Codes of Practice for determining the
absorbed dose to water for high-energyy photon and electron beams used in radiotherapy institutes in
the Netherlands and Belgium. Part of the new protocols will be a table of experimentally determined
kQ beam quality correction factors fr photon beam qualities and dosimetric equipment (graphite
ionization chambers and electrometers) encountered in the Dutch and Belgian clinical practice. Tese
kQ factors will be measured at selected institutes, covering representative beam qualities (and
energies) and types of accelerator machines, using the portable NMi water calorimeter. The
measurement program will involve the calibration of several sets of ionization chambers of types most
commonly used in the radiotherapy institutes. These ionization chambers will first be calibrated in the
NMi 6Co beam directly against the water calorimeter, and then in situ in the selected radiotherapy
beams, again directly against the water calorimeter. k factors are obtained as the ratios of calibration
factors in high-energy beams to those in 60CO.

As a first test of the NMi water calorimeter in high-energy photon beams, measurements of absorbed-
dose-to-water rates were perfori-ned at the BNM-LNHB with a Saturne 43 accelerator for photon
beam energies 6 12, and 20 MeV A set of NE261 IA chambers was calibrated against the water
calorimeter at all three energies. This was done by calibrating the ionization chambers directly inside
the water calorimeter phantom (obviously, with the glass sealed-water cell removed). Correction
factors were measured for the attenuation by the glass cell, yielding 10020 at 6 MV 10012 at 12
MeV, and 10004 at 20 MeV. In addition, correction factors for polarity and recombination were
determined at the three accelerator energies. k factors were derived from these calibration data in the
high-energy beams and the absorbed-dose-to-water calibration factors of the NE261 A chambers in
the NMi 6Co beam, that had already been established. These k factors have to be considered as
preliminary, since the experiment suffered from pick-up of noise on the thermistor probe cables, most
likely induced by the HF-generator of the Satume 43 accelerator. This experiment will therefore be
repeated to establish a set of accurate reference k factors for the NE261 IA chambers. A detailed
analysis of the results of all measurements performed at BNM-LNHB with the NNE water calorimeter
will be reported at the conference.
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