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Detlef Gabel Z&HE

Report on the Research Activities of the Department of Radiation Life Science and
Medical Science of the Kyoto University Research Reactor Institute KURRI

The research activities of the department are organized in three groups:
Advanced radiation therapy (heads of research: Prof. Koji Ono and Prof. Akira
Maruhashi)
Radiobiology (head of research: Prof. Masami Watanabe)
Radiation biochemistry (head of research: Prof. Noriko Fujii)

For all three groups, the number of publications is quite impressive, and many of the
publications are published in well-established journals of high reputation. The individual
research programs are free-standing, and do not rely on each other. Thus, in essence, the
groups appear to act scientifically independent. From the outside, I cannot judge whether
there is good contact between the groups, but in the interest of generating an atmosphere
of open discussion and critical evaluation of the activities of each group, I assume that
frequent contacts (perhaps including common seminars) help to generate an environment
of fertile scientific exchange.

The individual groups and their programs are reviewed below:

Advanced radiation therapy

The group is one of the most active groups in boron neutron capture therapy (BNCT) in
the world. It has an excellent standing in the community (to which I belong). The group
has contributed considerably to the advancement of BNCT, and was the first to initiate
clinical treatment of BNCT to head-and-neck cancers.

In the present work, the focus on the treatment of other tumors is still very strong. The
group has made very promising suggestions how to approach the treatment of liver
tumors and of lung tumors with BNCT.

As part of the Japanese program to use accelerators for BNCT, the medical physics of the
group appears to engage strongly in the construction of this facility. In general, the
support of medical physics for the treatment of tumors by any radiotherapy modality is
mandatory. It cannot be, in general, delivered by people not familiar with BNCT, and
indeed persons without the formal training in medical physics might be more suited to
support BNCT, if they have experience with and a thorough understanding of the physics
behind this therapy.
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In summary for this group, it is hoped that they continue to make progress in the
treatment of cancer with BNCT. It might be wished that the results are eventually
obtained in clinical trials which can convince funding agencies and regulatory agencies in
other countries to support BNCT. The establishment of “state of the art” clinical trials for
BNCT is thus very much of advantage.

Radiobiology

The radiobiology group focusses mostly on elements of importance for radiation
protection and for radiation as a natural source for cellular stress. Thus, while the
Advanced radiation therapy group uses very high radiation doses, this group looks after
the effect of very low radiation doses, in a magnitude relevant for the daily exposure of
the vast majority of the population. This work is of great importance, as the area of
low-dose exposure is not yet fully understood.

The work is published in respected journals. The presentation in the “Research activites”
is written in a rather provocative way, much more so than the published work. The
possibility of causing misunderstandings with the presentation exists, and without access
to the papers this might actually be counterproductive. A negative jugdement about the
work would be unjustified, as the published work is of high quality.

From the papers coming from the radiobiology group, I learned that much (if not all) of
the work has been carried out in Nagasaki. This might be the reason for the sixth topic of

the group, which has little connection to the other five topics.

Radiation chemistry

The radiation chemistry group has as a major focus the appearance and biological
relevance of D-amino acids, and especially D-Asp. This unnatural amino acid leads to
unwanted effects in structure and function of the proteins involved.

The studies by the group go very much in depth of this question. The role of D-amino
acids in the a- and B-crystallin proteins, which are required for vision, but which have a
very slow turnover rate. Also in other tissues, these amino acids have been identified.
Their potential physiological effect is intriguing.

In line with the potentially detrimental effect of D-amino acids in regular proteins, the
isolation of a specific enzyme hydrolyzing D-Asp peptides is a very nice demonstration
that D-amino acids appear to have been present during evolution, and that Life has
adapted to this challenge.

The work on metallothioneins in lenses is also of interest. This work seems to be recent,

as no publications have been published so far.
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Summary
The three research groups are all very active. Each of them has a clear focus, and a plan
for future research. The scientific output is good, both concerning the quantity and the

quality of the published work.

Bremen, 16 March 2007
Detlef Gabel
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1. Research Activities

Nuclear Power Basic Technology

Variety of research topics is addressed. This is the reflection of the strong and
impressive research activities based on the contracted research. These efforts which
are highly competitive and depend on the expertise of the KURRI faculty should be
further encouraged.

Since the accelerator driven subcritical assembly will be one of the most critical long
term projects, in depth study for much higher neutron flux facility design should be
pursued in parallel with the current demonstration project. Both the neutronics and
thermal-hydraulics design may require significant research efforts. One of the key is
the reliable continuous steady cooling of the target of the proton beam. This
research is related to the ongoing thermal-hydraulics research focused on the critical
heat flux and ultra high heat flux cooling. KURRI has the true expertise to lead the
world in these areas.

The thorium fuel cycle study together with the high conversion or breeder reactor

design study is a long term national interest to Japan.

Reactor Utilization

The number of university research reactors is continuously decreasing both in Japan
and in U.S. This implies that the role of the existing university reactors is becoming
very important to nuclear science and engineering education and research. Even just for
maintaining the know-how in this field, the continuous support for the remaining
university research reactors is critical for the national interest. KUR will be shut down
to change the fuel to lower enrichment fuel. This may have a significant impact on the
ongoing research utilizing neutron beams. In such a case it is desirable to develop a
road map to develop high flux neutron sources either by KUR II or accelerator driven

subcritical assembly.

Neutron Beam Research
Very active research is pursued in different fields using neutron beams. Significant
new and advanced research, for example, neutron optics, cold neutron application and
neutron scattering are also performed. These researches make KURRI to be one of the

important research centers in the world.
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Medical Applications
KURRI has been playing the world leading role in the medical application of neutron
beams such as the BNCT. The research system under the collaboration of nuclear
scientists, medical doctors and medical physicists is well established. Impressive
clinical treatment records have been developed. This type of research can be understood
and appreciated by the general public. Continued public education and enlightenment
on the usefulness of the research reactor technology may lead to the acceptance of KUR

II in the future.

Publications
A significant number of journal papers have been consistently published by the
KURRI researchers.

2. Cooperative Utilization
KURRI has consistently made significant efforts to promote the research reactor and
other facility cooperative utilization and research with outside researchers. The
number of these collaborations amount to about 150 cases per year. It indicates
that the KURRI facilities can be used by other university faculty and research staff
from outside laboratories. This is particularly important in the educational

community.

3. Education Activities
Excellent graduate research and education exist at KURRI. The total number of
graduate students is reaching 60 and it has been increasing in the past. This is
impressive if one considers the current unpopularity of nuclear science and
engineering in Japan. In U.S. the popularity of nuclear engineering recovered
completely and we are seeing the “Renaissance” of this field. The number of
undergraduate students in major university nuclear engineering programs increased
by about three folds and that of the graduate students by two folds in the past five
years. The increasing number of graduate students at KURRI has two significant
benefits. One is the continued development of the manpower base for the future
research capability in the nuclear science and engineering. The other is the
reduction of the research cost by the utilization of the students in research. Since
the first generation of nuclear scientists and engineers are retiring in increasing

numbers, the future manpower sufficiency in the field has been a significant concern
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in U.S. This has been reflected in the U.S. government policy in the area of the
nuclear engineering education. Significant resources were given to the universities
to increase the student enrollment in the nuclear engineering programs in the past 10
years. This impact is clearly seen in the current enrollment. Japan should

urgently consider this point.

4. International Collaboration
The international collaboration is carried out very effectively at KURRI, particularly
with Koreans. The collaboration with them may be more critical during the fuel

change period because KUR cannot be used.

5. Relation with Society
The relation with the general public and community is important not only in terms of
the emergency procedures and preparedness, but also in terms of public education
about the usefulness of the KURRI and its research and operation. Especially the
activity and information about the neutron beam therapy for cancer treatments are
very important. Good communication in this area can lead to stronger local and
general public support of the KURRI. Easily understandable usefulness of the
neutron beam therapy such as BNCT can produce broader acceptance of the research

reactor technology.

6. Operation
Generally KURRI is managed well by capable administrators who are also key
leaders in the respective fields of researches. The extent of the outside contracted
research is particularly impressive. This will even broaden the scope of the
KURRI research and benefit the public in general. In the future, this type of
research will be the key for the Institute.

7. Future Plan
FFAG accelerator plan is an innovative and revolutionary technology which is
pursued with the demonstration facility. This technology should be developed for
higher neutron fluxes comparative to typical research reactors to have a real impact

in the future.

ADSR development road map needs to be further refined to key technical tasks

which can be accomplished within five years (short term) and ten years (long term).
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It is also recommended to develop a feasibility plan for the second research reactor
with innovative utilization technology and safety. With the “Renaissance” of the
nuclear science and engineering, the general public perception of this field can

drastically change in the next ten years.

8. Overall Evaluation

Under the difficult circumstance stemming from the public doubt about the
usefulness of nuclear science and technology, KURRI has been doing an excellent
job of pursuing research, education, training and utilizing the available facilities.
It has a demonstration project of the accelerator driven sub critical assembly as a
new type of continuous neutron source. This technology has a potential to
replace the conventional research reactors.

The research around the neutron utilization is very active at KURRI.  Significant
research programs exist over wide ranges of topics from the conventional ones to
advanced research topics such as the neutron optics, cold neutron application, and
neutron scattering. KURRI leads the worlds in clinical and medical applications
of the neutron beam such as the BNCT. Besides, these research, many more
fundamental and applied research and engineering is performed at the Institute.
The breadth and depth of these researches are very impressive. The contracted
individual researches in various topics play a significant role in the Institute and
they keep the productivity of the faculty members to be very high. This trend

should be encouraged further by some institutional incentives to the researchers.
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