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Boron Neutron Capture Therapy (BNCT)
BNCT is a biologically targeted form of radiotherapy, which uses the
ability of the isotope 10B to emit an alpha particle and a 7Li recoil
ion following capture of a thermal neutron. If the 10B can be
selectively delivered to cancerous tissue, the short range of the
charged particles offers the potential for a targeted irradiation of
individual tumour cells while sparing the surrounding healthy
tissue.
One important issue is the simplification of dosimetry in mixed
neutron and gamma fields. Todays systems are based on the paired
ionisation chamber technique and neutron monitoring in
conjunction with kerma calculations [1]. These methods are very
extensive in every field they are installed and accompanied with
uncertainties around 20 %.
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2. Materials and Methods
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To verify the dose components shown in Fig.2 experiments have been carried out in cubic phantoms made of
Polymethylmethacrylat (PMMA) and Teflon. Additionally experiments with boric acid neutron shielding and bismuth/lead
gamma shielding have been carried out. Due to the shielding the regarding particle flux and hence the dose has been
reduced by a factor of 102.

5. Conclusion
• The alanine detector is suitable of

measurements in mixed neutron and gamma
fields.

• Good agreement of measured and calculated
alanine dose response could be achieved in all
irradiations.

• Predictions of the interpretation model
regarding dose components could be validated
using different phantom materials.

The pellets have been manufactured and read-out at the
National Physical Laboratory, United Kingdom [2]. They
consist of 90 % microcrystalline alanine and 10 % of paraffin
wax as a binding agent.
Irradiations have been performed in the thermal column of
the TRIGA research reactor in Mainz [3]. The position
delivers a predominantly thermal neutron field and gamma
particles with fluxes about 1010 cm-2s-1. Three dose
components have been observed. A primary gamma dose
delivered by the reactor core. A secondary gamma dose
generated by neutrons and dominated by the 1H(n, )2H
reaction. Third a proton dose is generated in the 14N(n,p)14C
reaction.

Fig.2: Calculated dose components in tissue

Alanine dosimetry
To explore the possibilities of ESR dosimetry as
alternative in BNCT the alanine response has
been investigated.
In the alanine pellet, pressed of micro-
crystalline L- -alanine, radicals are generated
by ionising radiation. The number of radicals
can be measured using ESR spectroscopy and
converted to a dose response after calibration.
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Dose is deposited by primary and secondary .
Primary contribute about 45 % to the dose response.

Teflon (Fig.4)
Due to the missing hydrogen in the
phantom material less secondary
are produced.

The contribution of secondary is about 66 % of the
dose response. 34 % are due to the proton dose.

3. The tissue experiment
The first measurement with alanine pellets has
been carried out in tissue with alanine pellets
sewed in foils placed on the length axis [6].
Figure 1 shows good agreement between
measured and calculated dose response . Figure
2 shows the related calculated dose components.
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Fig.1: Measured and calculated dose response
in tissue

The Relative Effectiveness (RE) takes account for
the increased number of radical-recombination along
high LET particle tracks. It connects the alanine dose
response RAlanine as read from the photon calibration to
the absorbed physical dose DAlanine .

Calculations have been carried out using the Monte
Carlo Code FLUKA [4]. By a COMSCW user routine it is
possible to weight every particle depositing dose. The
weight is derived from the predictions of the Hansen &
Olsen model [5] about the RE value.

PMMA (Fig.3)
The measured and calculated dose
rate and components are similar to
the results in tissue.

Fig.5: Calculated and measured dose response with shielding

Fig.3: Measured and calculated dose response and components in PMMA

Fig.4: Measured and calculated dose response and components in TeflonNeutron-shield
(Pellets 1 – 4, Fig.5)

-shield
(Pellets 5 and 6, Fig.5)

1Institute for Nuclear Chemistry, University of Mainz, D-55099 Mainz, Germany
2Department of Exp. Clinical Oncology, Aarhus University Hospital, Aarhus, Denmark   

3National Physical Laboratory, Teddington, Middlesex, UK   
4Department of Pharmacy and Toxicology, University of Mainz, Mainz, Germany


