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Various nuclear analytical methods have been developed and applied to determine the
elemental composition of calcified tissues (teeth and bones). Fluorine was determined by prompt
gamma activation analysis through the 19F(p,ay)I6O reaction. Carbon was measured by activation
analysis with He-3 ions, and the technique of Proton-Induced X-ray Emission (PIXE) was
applied to simultaneously determine Ca, P, and trace elements in well-documented teeth. Dental
hard tissues: enamel, dentine, cementum, and their junctions, as well as different parts of the
same tissue, were examined separately. Furthermore, using a Proton Microprobe, we measured
the surface distribution of F and other elements on and around carious lesions on the enamel. The
depth profiles of F, and other elements, were also measured right up to the amelodentin junction.
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We were the first group in the world who accurately and unambiguously calculated and
measured the secondary neutron produced from patients undergoing therapy with bremsstrahlung
from 2-28 MeV end-point energies, and also estimated the corresponding radiation doses.
Keeping in mind that the cross sections of neutron production from tissue are much higher under
irradiation with heavier particles, such as protons, alpha particles, carbon and neon ions, etc. than
photon bombardment, it would be expected that a lot more neutrons would be produced from
tissue during radiotherapy with hadrons (protons, alphas, carbon ions, Ne-ions, etc.).There is no
reliable and useful data available on this subject in the literature.

By making use of the experimental neutron out put studies from different elements, we have
been able to estimate the fiuence and energy distribution of these secondary neutrons from tissue
under irradiation with different hadrons. Our results indicate that at least 4.2 neutrons , with
energies greater than 5 MeV, are produced for every carbon ion of 400 MeV / u energy incident
on tissue. This number reduces to 3, 1.4 and 0.3 respectively at carbon energies of 300, 200 and
100 MeV /u. The energy range of carbon ions considered here, 100 MeV/u to 400 MeV/u,
corresponds to that being actually used in therapy. In the case of neon ions these figures (number
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