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Av. Prof. Lineu Prestes, 2242, CEP 05508-900, São Paulo, SP, Brazil

Received on 8 October, 2003

Our group at the Laboratorio do Acelerador Linear (IFUSP- USP) is currently developing several studies re-
lated to the interaction of different kinds of radiation with DNA. Initially, our plan is to study the interactions
proton-DNA, gamma-DNA and neutron-DNA. In this work we describe the most important features of the
neutron-DNA study, which we plan to perform by selecting thermal, epithermal and fast neutrons. To improve
the information about radiation-DNA interaction is important in order to achieve more secure and efficient can-
cer treatments by using radiation therapy. Nowadays, one important technique is the boron neutrons capture
therapy, where neutrons are used to initiate a nuclear reaction at the tumor site. The effects of the neutrons on
the health tissue, however, must be better understood. The study of neutron-DNA interaction, in this scenario, is
of great importance. The research facility for Boron Neutron Capture Therapy (BNCT) in the IEA-R1 Reactor
of the IPEN-CNEN/SP[1] will be used for studying the neutron-induced DNA damage. At present, we are eval-
uating the characteristics of the neutron flux at the biological sample, and we are carrying out simulations of the
experimental procedure through Monte Carlos N Particle transport code system version 4C (MCNP-4C)[2] to
find the experimental conditions necessary to minimize such contamination, and also verify the effects of those
gamma’s on the DNA molecule. The first step is the selection of filters configurations, which will allow us to
irradiate the DNA sample with thermal, epithermal and fast neutrons. We present the results of our simulations,
and describe the experimental setup show the best sets of materials necessary to obtain neutron spectra for
different neutrons energies.

1 Introduction

The research facility for Boron Neutron Capture Therapy
(BNCT) in the IEA-R1 Reactor of the IPEN-CNEN/SP[1]
will be used for studying the neutron-induced DNA
damage[3-5].

In order to reduce the gamma contamination and still
have sufficiently high neutron fluxes for irradiation of DNA
molecule, it will be necessary to place several neutron and
gamma filters in the beam hole.

The experimental system was simulated with Monte
Carlo MCNP-4C code[2] . The first step is the selec-
tion of filters material, which will allow us to irradiate
the DNA sample with thermal, epithermal and fast neu-
trons and minimum gamma contamination. These included
aluminum(Al), bismuth(Bi), lead(Pb), polyethylene(Poly),
graphite(G), lithium(Li) and cadmium(Cd).

Our purpose is to irradiate DNA molecule with thermal,
epithermal and fast neutron in the BNCT Research facility
at the IEA-R1 reactor. The results from simulation will be
showed in this paper.

2 Simulations

To irradiate the DNA molecule we projected and constructed
a support for the DNA samples. This is done controlling the
position of a sample porter. The sample-carrier support con-
sists of a section of a half-pipe or tube that is attached to two
aluminum disks. The sample support is placed in this beam
hole and fixed with screws at different locations as can be
observed in Fig. 1.

Figure 1. Superior view of the experimental facility simulated us-
ing MCNP-4C code with filter and support of sample located in the
sample holder (without reflectors)
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The simulation is performed considering that the sample
will be inside a holder, which will be placed on a support
appropriately designed. All theses pieces are put inside a
sample-carrier, consisting of a 1.3 cm radius half-tube, 30
cm long, with two disks at both ends, each disk having 6.3
cm diameter.

Fig. 2 shows the simulations with the used reflectors for
obtain the optimal filters arrangement for epithermal irradi-
ation to the DNA molecule.

Figure 2. Frontal view of the beam holder with the sample porter
and Pb(1cm)-reflector.

The reactor source used in these calculations was the one
reported in Ref. 1. The different tests were performed for
optimal arrangement filters determinations.

3 Results

Several filters arrangements were investigated as detailed in
the tables presented below.

The Cadmium was used to remove thermal neutrons
from the neutron current but produces capture gammas.

Figure 3. Relation of the thermal, epithermal, fast and gamma
fluxes for some filter material located in the sample holder for ther-
mal neutron irradiations.

The Lead filter allows lower the gamma contamination
from neutron current and is used as reflector of neutrons
however, not completely eliminate the gamma contamina-
tion.

The relation of the thermal, epithermal, fast and gamma
fluxes (emissions/cm2) per source neutron for thermal neu-
tron irradiations are shown in the Fig. 3 and a comparison of
the thermal to epithermal, fast and gamma current ratio for
theses arrangements are shown in the table I.

The highest thermal neutron current was obtained with
the arrangement: C. It turned out that, after lead filter, neu-
trons are reflected. This configuration permits the highest
relation It/Ig, where It is the thermal neutron current and Ig
is the gamma current.

The optimal arrangement for epithermal neutron irradi-
ation was obtained only with the inclusion of a reflector of
Pb(1cm).

This reflector is located in the sample holder and con-
sists of the one concentric tube.

Figure 4. Relation of the thermal, epithermal, fast and gamma
fluxes for some filter material located in the sample holder for ep-
ithermal neutron irradiations.

The contributions of the epithermal to thermal, the ep-
ithermal to fast and the epithermal to gamma fluxes ratio for
irradiation with epithermal neutrons are presented below in
the table II and the relation of fluxes is presented in Fig. 4.

The relation of the thermal, epithermal, fast and gamma
current (emissions) per source neutron for fast neutron irra-
diations are shown in the Fig. 5

The optimal arrangement for epithermal neutron irradia-
tion obtained is A. Such a configuration permits the highest
Fe/Fg relation.

Note that the Li material provided highest fast neutrons
fluxes and is very effective in reducing gamma because it
produces no capture gammas.

The optimal arrangement for fast neutron irradiation ob-
tained is A. This configuration permits the highest Ir/It and
Ir/Ie relation .

The fluxes and current calculations with Monte Carlo
code MCNP-4C was performed with relative error lower
than 5%.
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TABLE 1. Comparison of the thermal to epithermal, fast and gamma current ratio for optimal arrangement with thermal neutrons.

Material In/Iγ It/Ie It/Ir It/Iγ
A [Air(30cm)+G(1cm)+Pb(16.8cm)]+Pb 4.14 4.01 2.80 2.55
B [Air(30cm)+Poly(1cm)+Pb(16.8cm)]+Pb 3.81 4.55 1.96 2.20
C [Air(30cm+Pb(17.9cm)]+Pb(4cm) 4.48 4.24 2.88 2.83
D [Air(30cm)+Al(1cm)+ Pb(16.8cm)]+Pb 4.18 4.11 2.88 2.63

TABLE 2. Comparison of the epithermal to thermal, the epithermal to fast and the epithermal to gamma fluxes ratio for irradiation with
epithermal neutrons.

Material φn/φγ φe/φt φe/φr φe/φγ

A [Air(30cm)+Cd(1cm)+Pb(16.8cm)]+Pb* 5.60 28.7 3.26 4.16
B [Air(40cm)+Cd(1cm)+Pb(6.8cm)]+Pb* 5.61 30.8 2.03 3.69
C [Air(37cm)+Cd(1cm)+Li(6cm)+Pb(3.7cm)]+Pb* 4.75 29.0 1.70 2.90

TABLE 3. Comparison of the epithermal to thermal, the epithermal to fast and the epithermal to gamma fluxes ratio for irradiation with fast
neutrons.

Material In/Iγ Ir/It Ir/Ie Ir/Iγ
A [Air(40cm)+Li(6cm)+Pb(1.8cm)]+Pb 3.09 1.60 3.32 1.60
B [Air(37cm)+Li(6cm)+Pb(16.9cm)]+Pb 3.71 1.16 3.04 1.70
C [Air(37cm)+Cd(1cm)+Li(6cm)+Pb(3.7cm)]+Pb 3.35 1.16 3.09 1.53

Figure 5. Relation of the thermal, epithermal, fast and gamma cur-
rent for some filter material located in the sample holder for fast
neutron irradiations.

4 Conclusions

In this work we presented results of MCNP simulations for
different irradiations setups at the BNCT Research facility
at the IAEA-R1 reactor.

We have shown that is possible to select filter in order
to irradiate DNA samples with thermal, epithermal and fast

neutron fluxes.
The experimental facility has been concluded; therefore

the experimental part of this work will be performed in the
near future.
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