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a large area in Southern Poland at distances of up to 150 km around Krak6w. TL dosimeters, calibrated in
terms of kerma-in-air using gamma-rays from Cs-137 source, were field-exposed 1 m above ground.

The average dose rates over 75 days measured using MTS-N (LiF:Mg, Ti) detectors ranged between 47
and 87 nGy/h, using MCP-N 60 and 107 nGy/h, while those measured over 4 days ranged between 56 and
100 nGy/h. Comparison of ratios of short-term/long-term readouts of MCP-N at rural locations (35 points)
gave a mean ratio of 0.99 + 0.09 (1 SD). Thus, using the RACE system based on MCP-N detectors, one is
able to simultaneously monitor environmental radiation dose rates at a large number of locations over a very
large area, over periods of two days, or less. Provided natural background dose rates at selected monitoring
points are available prior to the accident, the RACE system can be applied to rapidly assess dose rates in the
environment, following a nuclear accident. Noting that dose rates would then be considerably higher, only
a few hours of evaluation time would be required. The system could also be useful in reclamation and
restoration works in the environment.
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The aim of the Project, started at the end of 1994, is to establish in Krak6w a modern centre of
radiotherapy which will exploit beams of protons and neutrons (i.e. hadrons) produced by the AIC-144
isochronous cyclotron of the Institute of Nuclear Physics in Krak6w. The Centre of Hadron Radiotherapy
created as a result of this Project, when operational, will be the only centre in Poland in which clinical work
in this area is carried out. We expect this centre to satisfy national needs for treating ocular melanoma and
clinically indicated fast neutron radiotherapy, and to produce some selected medical radioisotopes, perhaps
for positron emission tomography (PET). '

NH - neutron radiotherapy
RB - radkabiology stand
R| - radlolactope stand

| TP - proton radiotherapy

Fig. 1. Beam layout of the Hadron Radiotherapy Centre at the Institute of Nuclear Physics in Krakow.
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Over the last four years the AIC-144 cyclotron was placed on its work site, replacing the U-120
machine, the RF generator has been designed, manufactured and tested by TIRA, St. Petersburg over its full
design range of 10-27 MHz. The main and compensating magnetic fields were measured over the magnet
poles and the magnetic field adjusted, as required by acceleration calculations. The vacuum, source and
cooling systems are now operational and an internal beam of deuterons was accelerated to the full design
energy of 30 MeV in August 1998. We expect to obtain the 60 MeV proton beam by the end of 1999. We
shall then be in a position to return to the horizontal fast neutron radiotherapy beam with which over 400
patients were treated between 1978 and June 1995. After completing the proton ocular therapy and fast
neutron radiotherapy facilities, we plan to treat about 300 patients a year.

Several scientific projects accompany the main stream of the project's activities. For the existing
collimator which has been used for collimating of neutrons coming from U-120 cyclotron (reaction Be(d,n)B
for energy of deuterons E = 12.5 MeV) the calculations are being performed using MCNP Transport Code
System to examine suitability of the collimator for cyclotron AIC-144 to collimate neutron beam from
reaction Be(d,n)B for energy of deuterons E = 30 MeV. At the Health Physics Laboratory (INP) a spherical
polystyrene eye-phantom has been manufactured, basing on the development from the Hahn-Meitner
Institute in Berlin, to refine the dosimetry for proton radiotherapy. At the Radiochemistry Division of the
INP a facility for separating cyclotron isotopes is under development. On December 18, 1998, in two
subsequent experiments on the AIC-144 cyclotron, a PET tracer UC was obtained via the nuclear reaction
uB(p,n)uC. At the Department of Radiation and Environmental Biology several biomarker methods have been
developed for retrospective dosimetry, based on the DNA damage by single cell gel electrophoresis assay,
unstable chromosome aberration frequencies and stable chromosome aberration - translocations (analyzed after
an application of Fluorescence in Situ Hybrydisation - FISH).
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A new calibration laboratory is under development at the INP, Krak6w, Poland. The laboratory is
located in a hall of dimension 9 m (length) x 4 m (wide) x 4.5 m (height). For calibration purposes the
Cs-137 source of activity 185 MBq / 5 Ci / is applied, placed in the 16 cm thick lead capsule. The beam is
collimated using a collimator with a constant opening of 20°. The source is placed 2 m above the ground to
avoid albedo scattering. This source covers a dose rate range from 17 mGy/h to 290 (uGy/h. For low-dose
calibration 0.05 Ci source is applied. The positioning of the source and opening of the collimator is
pneumatically controlled. The dosimeters to be calibrated are placed onto a vehicle with DC motor
positioned by PC computer. The vehicle is remotely positioned with the precision of one millimetre at the
distance from the source between 1 and 7 meters. The vehicle positioning is controlled electronically and
additionally checked via TV - camera. Exact dosimeter positioning is performed with a medical cross-laser
and with a telescope device. The construction of the vehicle allows for performing of angular irradiations.
On the axis of the vehicle 320 keV Phillips X-ray tube is installed which may be used as an irradiation
source. UNIDOS dosimeter with PTW ionisation chambers is used for determination of the dose rate. This
calibration stand is designed for calibration of personal dosimeters, calibration of active devices for radiation
protections and for research on the newly developed thermoluminescent materials.


