
Research, Development and Support Center
The Research, Development and Support Center was estab-

lished in 2011 to support and promote research activities of NIRS.
This center performs basic and advanced research and devel-

opment necessary for the activities of NIRS such as R&D in tech-
nologies for radiation generators, radiation detection, and radia-
tion biology. It also supports researchers by providing users a
comfortable environment in which they make use of research fa-
cilities such as the radiation generators and in supplying experi-
mental animals, and so on. In addition to these activities, it main-
tains safety of all working environments and manages buildings in
the NIRS campus, the NIRS computer network system and the
NIRS library.

This center consists of one unit and three departments: the
Planning and Promotion Unit, Department of Technical Support
and Development, Department of Safety and Facility Manage-
ment, and Department of Information Technology. The unit and
each department are briefly introduced as follows.

Planning and Promotion Unit
The Planning and Promotion Unit functions as the secretariat of

the center and is the hub linking all the sections of the center with
the NIRS administrative sections such as the Department of Plan-
ning and Management and the Department of General Affairs and
the other centers.

Department of Technical Support and Development
The Department of Technical Support and Development pro-

vides services to users for performing various experiments such
as management of the facilities for radiation generators and the
many devices used for experiments. This department also devel-
ops radiation detectors employing new technologies, carries out
fundamental research in radiation biology, and supports research-
ers in conducting animal experiments of the highest level quality.

This department has three sections: Radiation Engineering Sec-
tion, Radiation Measurement Research Section and Laboratory
Animal and Genome Sciences Section.

The Radiation Engineering Section maintains the facilities for ra-
diation generators and many of the devices which are used for ex-

periments. There are seven gamma-ray generators, six X-ray gen-
erators and two Cockcroft-Walton accelerator systems which con-
sist of proton accelerators and beamlines. One of the Cockcroft-
Walton accelerator systems is used to generate neutron fluxes for
research experiments on the biological effects of low dose radia-
tion (NASBEE; a neutron exposure accelerator system for bio-
logical effect experiments). The other Cockcroft-Walton accelera-
tor system has three beamlines; two beamlines are used as
atomic element analyzers (PASTA; PIXE analysis system and
tandem accelerator) and the third beamline is used to deliver a
single particle proton targeting an individual cell (SPICE; single
particle irradiation system to cell). In 2014, a new standard sam-
ple for micro-PIXE analysis continues to be developed in PASTA.
This standard sample was estimated by multiple institutes through
intercomparison. SPICE was improved to shorten its imaging time
and analysis time by 1/5.

The Radiation Measurement Research Section develops vari-
ous radiation detectors. After the Fukushima Dai-ichi Nuclear Power
Station accident occurred, the section began developing some
detectors for surveying high level radiation areas in Fukushima
Prefecture: During 2014, a small, lightweight and low cost radia-
tion camera which can selectively detect radiation from 137Cs ra-
dioisotope was developed with a company for commercial use. A
vehicle installation radiation survey system which could analyze
radionuclides was developed and quantitative analysis method was
established. A detector system with a high speed analysis func-
tion (R-eye) which could find hot spots in very high level radiation
areas was developed and technology transfer was also finished.
Concerning another remote sensing hot spot detector system
(Gamma-Rader) a pilot model was tested in Fukushima Prefecture
with good results. A dose assessment method of secondary parti-
cles for proton beam radiotherapy was also developed.
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The Laboratory Animal and Genome Sciences Section supports
researchers in conducting animal experiments of the highest level
quality. Seven species of animals for animal experiments are
available. In this section, more than 15,000 mice and 2,000 rats
are bred each year, and genetically modified mice have been de-
veloped in order that researchers can conduct even more ad-
vanced experiments. Since some mice and rats are bred in SPF
conditions, it is very important to sterilize the area periodically and
keep it clean all the time. The SPF areas are controlled very
strictly. In 2014, a genetically modified mouse which could be
used to visualize metabolism was developed for rapid quality
evaluation. A high fertility rate for a kind of mouse which had had
a low fertility rate was achieved. Finally, it was found that genomic
mutations in iPS cells arose from the transfer to iPS cells from
body cells.

R&D Infrastructure Platform Program
In 2013, the research subject proposed by NIRS, “Business use

of various radiation fields related to humans”, was selected as the
R&D Infrastructure Platform Program by the Ministry of Education,
Science and Technology (MEXT). This Platform Program is aimed
at two purposes: promoting usage of advanced research equip-
ment and facilities of universities and public research institutes by
researchers from industry-government-academia and supporting
network formation.

Under this program, advanced facilities of NIRS such as
PASTA, SPICE, NASBEE and the other radiation generators are
provided for use to industry-government-academia researchers
with steadfast support. This program will strengthen research ac-
tivities in the fields of life science, human science, and human en-
vironment related science. In 2014, the number of user themes
under the program increased to 10 from 3 in 2013.

Department of Safety and Facility Management
The Department of Safety and Facility Management is responsi-

ble for keeping working environments safe and providing safe and
comfortable conditions for all research activities. It has four sec-
tions: Safety and Risk Management Section, Safety Control Sec-
tion, Radiation Safety Section, and Facility Management Section.

The Safety and Risk Management Section is in charge of plan-
ning and promoting safety, providing NIRS’s employees with edu-
cational training for maintaining safety and security, and maintain-
ing general safety on the NIRS campus and in buildings and facili-
ties. In particular, it is responsible for risk management including
making and revising the Emergency Preparedness Plan of NIRS
and implementing drills for nuclear and radiological emergencies
in Japan. In 2014, a more systematic risk management structure
at NIRS was established under the risk management committee.

The Safety Control Section is in charge of such activities as
safety for genetic modification of experimental animals, safety for
handling chemical agents and harmful substances, safety in the
workplace, protection of the environment, and prevention and ex-
tinguishing of fires.

About 1,600 persons including direct employees of NIRS, re-
searchers from outside NIRS, and contracted workers are regis-
tered as radiation workers who can work in the 20 radiation con-
trolled areas in NIRS. NIRS must instruct them regarding radiation
safety and security before entering a radiation-controlled area for
the first time. There are more than 400 kinds of radioisotopes used
for experiments on radiobiology, radiation medicine and so forth.
And NIRS also has many radiation generators. All items con-

cerned with radiation have to be controlled strictly by rules. The
Radiation Safety Section is charged with controlling all of them in
accordance with the rules.

The Radiation Emergency Medicine Cooperative Research Fa-
cility (REMCRF) has one building in which the use of actinide nu-
clei is allowed for research on radiation emergency medicine. This
facility is the only one of its kind in Japan in which researchers can
use, for instance, plutonium in animal experiments. Therefore, this
building has to be strictly controlled to keep the inside of the
building at a negative pressure according to the radiation safety
law. In this case, the ventilation system of the building is main-
tained by the Radiation Safety Section in cooperation with the Pro-
motion Section for REMCRF in accordance with the strict rules.

There are about 50 buildings on the NIRS campus. The Facility
Management Section maintains the buildings and their equipment
such as elevators, air conditioners, etc., and the campus infra-
structures such as electric power lines, telephone systems, gas
lines, water supply lines, and so on. NIRS was established in
1957, so some buildings are very old and a few were damaged
considerably in the March 2011 earthquake. Some of them have
had to have seismic strengthening. Construction of a new building
used for human resource development and a new one used for
environmental radiation research were completed under the su-
pervision of this section and these buildings were opened in 2013
and 2014, respectively. This section has also been managing
construction of a high voltage electric booster station which will
replace the old one in the near future.

Department of Information Technology
The computer network system is one of the main infrastructures

of NIRS. This network system has more than 1,200 daily users and
about 4,400 computers are connected to it. The Department of In-
formation Technology is responsible for maintenance and devel-
opment of the computer network system. This department has two
sections: Information Systems Section and Research Information
Section.

The Information Systems Section is responsible mainly for hard-
ware and software to control the computer network system. This
section continuously establishes new hardware and software and
revises the current hardware and software. One of the most impor-
tant missions of this section is to secure the system and data on it.
Users of this system must observe the Information Security Policy
of NIRS and other documents under the policy. In 2013, this policy
was strengthened to prevent information leakage. In 2014 to keep
security more effectively, an e-learning exercise to educate users
was implemented in the summer and an e-learning self-inspection
was carried out by each user in the winter.

The Research Information Section is responsible mainly for the
other information system-related matters especially user support
of the system. The administrative sections have many computer-
aided service systems, for instance, personnel management, ac-
counting procedures, patent databases, etc. These service sys-
tems are maintained by the relevant section in principle, but the
Research Information Section has undertaken various jobs such
as improving the service systems or adding new functions to
them. This section also has developed an institutional repository
to replace the conventional database system used for registration
of achievements of NIRS research activities. This repository was
released worldwide in October 2014. In addition, this section is
also managing the library of NIRS and publications such as re-
search reports, proceedings and so on prepared at NIRS.
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We have developed various type radiation detectors and meas-

ured radiation dose with them in various radiation fields. In the

case of space, which is a mixed radiation field of heavy charged

particles, we have established the dose measurement system

with solid-state nuclear track detectors (SSNTD) and lumines-

cence detectors. The SSNTD records a nuclear track along the

path of a charged particle. Typically, a nuclear track is visible as

an “etch pit” when viewed under a microscope after chemical

etching. Recently, we found silver-activated phosphate glass

could be alternatively used as a SSNTD; this glass is one lumines-

cence detector commercially employed as a personal dosimeter.

Meanwhile, we have developed the new technology of a “fluores-

cent nuclear track detector (FNTD)”, which allows detection of a

fluorescent nuclear track, without chemical etching. The FNTD

system consists of luminescent aluminum oxide single crystals

and a laser scanning confocal fluorescence microscope. In this

report, we introduce our recent progress on radiation dosimetry

echnology with ion tracks and some of its applications.

1) Silver-activated phosphate glass as SSNTD

The use of silver-activated phosphate glass as a personal do-

simeter, based on radio photo luminescence (RPL) detection, is

well-known. An intense luminescence, which is proportional to the

amount of the dose of the ionizing radiation, is emitted by excita-

tion with ultraviolet light. The emission mechanism is explained as

the production of color centers (Ag0 and Ag2+ ions) due to the

trapping of radiation-induced electrons and holes with Ag+ ions

doped in the glass. Additionally, it is well-known that phosphate

glass is applicable as a SSNTD, producing an etch pit along the

path of heavy ions. Recently, we found out the silver-activated

phosphate glass can be operated as an SSNTD[1]. The glass can

be etched in alkaline solutions and etch pits are formed for heavy

ion irradiation as shown in Fig.1. This means that we can observe

not only RPL but also nuclear etched tracks in the same glass ma-

terial. The luminescence efficiency strongly depends on the LET

(linear energy transfer) of heavy ions, which drastically decreases

at the high LET region of >10 keV/μm. It will be a complementary

approach for radiation dose evaluation by combining both infor-

mation of RPL and nuclear tracks. The nuclear track detection

supplies alternative signals in the glass dosimeter.

Fig.1 Microscopic images of etch pits formed in silver-activated phosphate glass by irradiations to Xe ions with energies of a) 188 MeV/n, b)

143 MeV/n, and c) 92 MeV/n[1].
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2) FNTD technology & its application to radiobiology

We have investigated a new optical, non-destructive method of

detecting and imaging individual heavy charged particle tracks

using FNTD as a possible spectroscopic technology for heavy

charged particles. The technique uses luminescent aluminum ox-

ide single crystals having aggregate oxygen vacancy defects and

doped with magnesium (Al2O3:C,Mg). Spectroscopic capabilities

of FNTD were demonstrated for energetic heavy ions of LET in

water ranging from 1 to 730 keV/μm as shown in Fig.2[2]. The

FNTD was found to be capable of distinguishing all Z fragments of

290 MeV carbon ions with good charge resolution[3]. The benefits

of using FNTD technology for this application include wide dy-

namic range of measured LET, large angular acceptance and

ability to measure products of nuclear fragmentation reactions

with topological branching ratios such as C → 3α and C → 2Li.

Applications of this technology include neutron detection and do-

simetry, radiobiology studies using protons and heavy ions, micro-

dosimetry, and space radiation dosimetry, as well as nuclear and

particle physics research.

Recently, we have tried to apply FNTD technology to radiobiol-

ogy. The combination of FNTD and use of a confocal laser micro-

scope may be used for simultaneous detection of the geometric

position of ion tracks and cell images on a microscopic scale.

Cells were cultured on the surface of FNTDs and then exposed to

5.1 MeV/n neon ions. The position of the ion tracks and the DNA

double strand break regions, which were identified as fluorescent

spots by immuno-staining against γ-H2AX were obtained simulta-

neously with the confocal laser microscope. The patterns of the γ-

H2AX fluorescent spots coincided extremely well with the pattern

of the ion tracks as shown in Fig.3[4]. This method will be useful

not only to evaluate the number of ion traversals per cell nucleus

and/or cytoplasm but to distinguish hit and non-hit cells in the cell

population.

Fig.2 (Left) Fluorescent track image (100μmx100μm) on FNTD exposed to a) three kinds of ions of 369 MeV/n Ne, 414 MeV/n Fe and 318 MeV/n Kr, b) two

kinds of ions of 223 MeV/n Fe and 142 MeV/n Kr, c) two kinds of ions of 5.6 MeV H and 4.5 MeV/n C, and d) 3.5 MeV/n O[2]. (Right) Those histograms

of fluorescence track amplitude[2].

Fig.3 Cell images and geometrical distribution of ion traversals and DNA damage[4]. Arrows indicate γ-H2AX spots that correspond to the fluorescent tracks

due to the ion traversals.
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Current status of mouse hepatitis virus (MHV) infec-
tion

Among several of the experimental animal facilities at NIRS, the

Animal Research Building, together with two specific pathogen-

free (SPF) animal facilities, plays a pivotal role in supporting ani-

mal experiments. Animals in the SPF facilities are guaranteed to

be free of particular pathogens and thus, these barrier facilities

need to be isolated, for example, by transferring only sterilized or

disinfected equipment to the facility and by supplying HEPA-

filtered air to breeding rooms, in order to maintain and manage

constant SPF conditions. However, the Animal Research Building

is operated according to barrier facility management, but allows

for animal transfer to/from other facilities within NIRS for irradia-

tion, imaging, and other experimental purposes. The building

houses approximately 4,000 mouse cages and approximately 400

rat cages, and is used by nearly all groups conducting animal ex-

periments in the institute. Mice need to be tested for microorgan-

isms to ensure their pathogen-free status, which is absolutely es-

sential for attaining highly reliable data from animal experiments.

The Animal Research Building tests designated animals (monitor

mice) for 15 pathogens every 3 months. Until July 2013, screening

results were all negative, but in October 2013, antibodies to MHV

were detected in serum samples collected from monitor mice

bred in four rooms. We then prepared an MHV infection map cov-

ering the entire Animal Research Building, and found that 6

breeding rooms were infected with MHV (Fig.1). Among 39 MHV-

positive mice confirmed by RT-PCR [1], 26 were subjected to se-

quence analysis of N protein gene (Fig.2) [2]. N protein gene se-

quences were highly similar (99.4－100% similarity) among the 26

MHV-positive mice, while similarities of the N protein gene be-

tween MHVs in the 26 MHV-positive mice and known MHVs were

Fig.1 MHV infection map
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92.7－96.4%. Phylogenetic tree analysis demonstrated that the

MHVs in the 26 mice and 9 known MHV strains belonged to differ-

ent subgroups (Fig.3). Taken together, the MHVs detected in the

26 mice bred at the Animal Research Building were likely derived

from a single strain, and high sequence similarities among the 26

MHV-positive mice suggest that these sequence variations were

within the range of variations caused by spontaneous mutations.

Measures to eliminate MHV infection
An MHV infection map was prepared (Fig.1), and measures to

eliminate MHV infection were discussed based on the information

provided by the map at meetings involving users and relevant in-

dividuals. The following actions were taken to eliminate MHV at

the Animal Research Building while allowing the minimum experi-

ments that were absolutely essential to be carried out. To prevent

the further spread of infection, the duration of work in infected and

uninfected breeding rooms was controlled and every piece of

breeding equipment was autoclaved before being taken out of the

breeding room. Breeding rooms were sterilized by spraying a fine

mist (particle size <10μm) of a peracetic acid-based agent on

surfaces, and by leaving the surfaces exposed to the agent for

approximately 4 h. Sperm and embryos (fertilized eggs) of doz-

ens of mouse strains were cryopreserved according to the users’

requests. Further screening for pathogens in cryopreserved

sperm and embryos was conducted, and new SPF mice were pro-

vided. Considering the nature of some experiments that require

multiple transfers to and from the Animal Research Building rather

than completing all procedures within the building, the following

measures were introduced to prevent recurrent MHV infection: 1)

tighter control of access to the animal breeding controlled area,

through modification of the access control system to prohibit en-

tering the animal breeding area via incorrect routes; 2) strength-

ening of hygiene management by installation of an air curtain at

the site receiving equipment and materials from the outside, as

well as installation of a sprinkler that sprays slightly acidic sodium

hypochlorite from the ceiling; 3) re-education and re-training of all

individuals who enter the controlled area for animal breeding in

the building; and 4) introduction of segregated breeding areas

according to infection risks that are predicted based on the total

duration of breeding, the necessity of multiple transfers from/to

the building, and places/conditions from where animals are trans-

ferred to the building.

Experimental animal facilities, considering the nature of the op-

eration, always have risks of pathogen infection. Thus, it is crucial

to include the following measures: 1) measures to minimize risks

of pathogen infection, and 2) measures to minimize the spread of

infectious diseases if infection transmission takes place. Patho-

gen infection delays research progress, and requires extra cost

and euthanasia of experimental animals. Thus, it causes serious

damage to the research community at NIRS. Improved collabora-

tion between users and the management support division is es-

sential to avoid such pathogen infection in the future, and this will

lead to proper implementation of animal experiments.

About MHV
MHV is an enveloped RNA virus that belongs to the family Coro-

naviridae. It selectively infects mice, causing a broad spectrum of

pathology depending on the virus strain, mouse strain, age of ani-

mal, and immune conditions. It is known that MHV causes sys-

temic infections resulting in hepatitis and encephalitis, mainly en-

teritis, depending on the strain. Natural infections are often sub-

clinical in adult mice with normal immunity, and infections are de-

tected only after testing serum samples for anti-MHV antibodies.

MHV infections in immunodeficient mice, even by attenuated

strains, persist over a long period, resulting in death due to asthe-

nia. Natural infections commonly cause enteritis, and epidemic

strains can be isolated from stool specimens and their genes can

be detected in stool specimens. To date, reported routes of trans-

mission include direct contact with infected mice, and an oral or

nasal route via infected feces and/or bedding.

Fig.2 MHV N protein gene

Fig.3 Phylogenetic tree

MHVs detected in 26 mouse specimens and 9 known MHV strains

belonging to different subgroups.
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