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SUMMARY

I. Project Title

Management and Development of the RT Research Facilities and

Infrastructures

IT. Objective and Importance of the Project

The purpose of this project are to operate the core facilities of the research for
the Radiation Technology (RT, WA} 7]<%) in stable and to assist the research
activities efficiently in the industry, academic, and research laboratory. By
developing the infrastructure of the national radio technology industry, we can
activate the researching area of the RT and the related industry, and obtain the
primary and original technology.

We have established the Advanced Radiation Technology Institute (ARTI) to
advance the RT industry and to support industry, academic, and research
laboratory efficiently, harmoniously by the government. The RT can be
developed more easily and rapidly if the ARTI takes the central rolls in
operating the core radiation facilities and researching the primary infrastructure.

The key point in the study of the RT and the assistance of the industry,
academic, and research laboratory for the RT area smoothly, is managing the
various of unique radiation facilities, for example, the low-level and high-level
gamma radiation facilities, high-level electron accelerator, ion source injection
system, and 30MeV cyclotron, in our country.

The gamma Phytotron and Gene Bank are essential in the agribiology because
these facilities are used to preserve and utilize the genes and to provide an
experimental field for the environment and biotechnology. The Radiation Fusion

Technology (RFT, ®WAFH-§3t7]<%) research supporting facilities - a central

_ix_



instrument analytical laboratory, experimental animal supporting laboratory, etc —
are the core support facilities, and are used to develop the high-tech fusion
areas with the NT, IT, ST, ET, and BT. In addition, the most advanced
analytical instruments, whose costs are very high, should be managed in stable
and be utilized in supporting works, and the experimental animal supporting
laboratory and Gamma Cell have to be maintained in high level and managed in
stable also.

The ARTI have been developed the 30MeV cyclotron during 200572006, aimed
to produce radioisotopes and to research the beam applications as a result of the
project, "Establishment of the Infrastructure for the Atomic Energy Research
Expansion (A2 AF7]9&F A, '057706)", collaborated with the Korea
Institute of Radiological & Medical Sciences (KIRAMS, HUx3¢2j3s¢). In
addition, the ARTI is in the progress of establishing cyclotron integrated
complex as a core research facility, using a proton beam to produce
radioisotopes and to support a various research areas like RT, BT, NT, and ST.
In general, a nation with an average economic level operates a facility producing
radioisotopes using the proton beam accelerated by cyclotron. But, the primary
technologies, such as the targetry and the design/fabrication of cyclotron, for the
radioisotopes production are only for the limited advanced nations. Especially, the
target system and the target transportation system should be developed at the
same time of developing the cyclotron to maximize the accelerator ability and to
produce radioisotopes appropriately. The large number of companies making
accelerators in the world, move forward to strengthen market share by
collaborating with the laboratory of academy and developing various new
radionuclides and target systems. The target system should be developed
simultaneously when produce radioisotopes using cyclotron, but developing target
system tends to have high risk and low profit. In other words, it is essentially
required the investment by the government developing target system.

In the beginning, almost of the RT research had been focused on the
development of electronic dosimeters, which measure low-level dose. There had
been no endeavor in developing the instrument of radiation dose, the accuracy of
radiation, and the high-level radiation dosimeter suitable for irradiation facilities.

From 1999 to 2003, the test facilities have been established to verify the



performance of the atomic energy, but there is no real data produced. In
addition, it have been rare that testing radiation in extreme situation and
developing evaluation technic for the limited situation. The measurement and
evaluation of the irradiation dose, and irradiation supporting technology of the
Good Irradiation Practice (GIP) are essential in various researching areas, such
as, managing the radiation irradiation facilities, radiation polymer material
modification, radiation polymerization, radioactive sterilize for the
radiopharmaceutical, food preservation, radiation disposal of the environment
industrial waste, critical properties of the matter in space.

Despite the great number of benefits contributing to the mankind, people in
general even the specialist groups still have negative thinking for the atomic
energy and its applications. In order to mitigate or eliminate the negative
thinking, and make them do the reasonable decisions, it is urgent to provide
information of the atomic energy and to develop publicity program. One thing to
remember is that the publicity program should be done not the form of the
decision PR (24 % H) but the style of the process PR (A & H).

To accomplish this, various cooperation and support programs should be
developed and managed not only for the local area but also for the nation wide,
and then the acceptance for the atomic energy and its applications will be

higher than ever.

M. Scope and Contents of Project

1. Manage the Radiation Irradiation Facility
A. Safe operation of the irradiation facility

B. Support the user and publicize the irradiation facility

2. Manage the Radiation Breeding Laboratory
A. Expand the research support facility

B. Support the research

C. Secure and spread the gene bank

D. Publicize the atomic energy

_xi_



3. Manage the RFT Research Support Facility
A. Optimize the supporting work
B. Expand the user

C. Harmonize with the national policy

4. Establish the Infrastructure of the Cyclotron and GIP System
. Design/Manufacture the solid target irradiation system

Make documents for the producing procedure of the SPECT-RI
Research the automatic synthesizer for the radiopharmaceutical
Optimize the C-11 producing for the ['CICH:I

Develop the PLGA nano-compound

Manage the cyclotron

O T E 0 oW R

. Measure the dose of the low-level gamma ray irradiation facility
H. Rectify the dose of the hign-level gamma ray irradiation facility
I. Design high-level dosimeter using the polymer material

J. Calculate the irradiation dose of the insulating material (epoxy)

K. Synthesize the fluorescent polymer using electron beam irradiation
5. Cooperate with the Nation, and Develop the RT communication
A. Cooperate and union with the local region

B. Expand the scientific acceptance

C. Publicize the atomic energy and radiation

D. Try to find a solution to the problems on the radiation (atomic energy)

IV. Result of Project

1. Manage the radiation irradiation facility

We have support 185-departments with 1,676 radiation irradiation cases by

running the radiation irradiation facility for 9,040 hours. By adding the

- Xii -



pre—checking process before running facility, the operation efficiency have been
improved, and we developed the irradiation equipment and maximize the
irradiation efficiency. We have carried out the safe running school, training
courses, and the radiation education for the new and existing radiation workers,
and accomplished the approval jobs. In order to maintain the facility safety,
irradiation efficiency, and irradiation safety, we have checked and repaired the
facilities regularly. Also, we measured and managed the high-level and low-level
dose according to the distance from the irradiation facilities. To spread the
outcome obtained by the industry, academic, and research laboratory, we open
workshops, investigate irradiation needs, do the e-mail survey, and establish DB
for the research results. We also support the field trip of the irradiation facility

to publicize the radiation.

2. Manage the Radiation Breeding Laboratory

We have preserved short and long term genes in the refrigerator (# <% %a1),
and established the infrastructure for research about the plant breeding, plant
physiology, and bionomics by extending the old plastic greenhouse and
glasshouse. In addition, we have increased the fertility of soil by spraying soil
conditioner based on the measured acidity of soil, and by testing the organic
fertilizer. We have also supply the testing field to the agricultural biotechnology
research areas, 1.e., development and increment of the mutant breeding, research
for the foundation of useful plant production by raising cells with radiation,
evaluation of the inherited toxicity for the indoor contaminant, and development
of the radiation fusion age control substances. New breeds were supplied to the
government agencies and the farms, and it was done that the research for the
practical use in the field of the cold-proof and wetproof mutant. We have
coached the efficient management ways of the testing field and facilities, and
opened the testing field to the public result in increment of the acceptance for

the atomic energy utilization researching area.

3. Manage the RFT Research Support Facility

= Xiii -



The analytical instruments - NMR, LC/MS/MS, and ICP/MS - were checked
regularly, and the analysts were trained for the theory and practice of the most
advanced analytical instruments. We wrote the standard operating procedure
(SOP) for the most advanced instruments, the SOP for the experimental
laboratory with animals, the managerial regulations for the gamma cell, and the
SOP for the gamma cell. The One-Stop analytical supporting system was run
for the outside samples. The DB was also established for the analyzed results
according to the analyzed sample and its properties, and the manuals for the
study equipment were published and distributed. The radiation irradiation food
control was carried out using the GC/MS. We have organized the animal
experimental ethics committee, and wrote the guidebook and managerial

regulations of the committee.

4. Establish the Infrastructure for the Cyclotron and GIP System

A. Design/Manufacture the solid target irradiation system

The radioisotopes, TI-201 and Ga-67, are produced by irradiating the proton
beam to the solid target. We have consisted upward cooling system and
employed the link architecture to prevent the binding system be getting loose
when the pressure of the coolant or the air is released. The solid target cover
was made by transparent material to check the cradle with the naked eye. We
also made the guidance to prevent the cradle falling, and made the solid target
receiving station with airtight and self-reliance structure. The cradle was
transported to the receiving station by the air shooting mechanism using
vacuum. We also design the plate machine which can maintain the rpm
accurately no matter how much the plating solution are in the plate by

introducing the DC servo motor.

B. Make document for the producing procedure of the SPECT-RI
The TI1-201 and Ga-67 are radioisotopes used for the Single Photon Emission
Computed Tomography (SPECT) and the Proton Emission Tomography (PET)

radiation irradiation. We wrote the documents describing the T1-201 and Ga-67

- Xiv -



production procedures as a fundamental research for the production of the

radioisotopes and radiopharmaceuticals using cyclotron.

C. Research the automatic synthesizer for the radiopharmaceutical

We have made the network based program which anyone, who was not the
synthesizer operator, can monitor the synthesizer, and we have simplified the
data cable between the synthesizer and the PC. We have programed that the
user of the synthesizer can modify the procedures of synthesis. We also
developed the general purpose PCB which connects the cRIO and equipments of

the automatic synthesizer.

D. Optimize the C-11 producing for the [11C]JCH3I

In order to increase the production vyield of the C-11, we improved the
capability of the target cooling system. We put the cooling pin inside the target
and elevate the yield almost to the theoretical limit (CO. form). Porapak N50/80
mesh was employed to retrieve with the CHy form, and we are still studying

how to get the optimum condition for the C-11 retrieval.

E. Develop the PLGA nano—compound

The development of the nano-radiopharmaceuticals, which the nano—compound,
for the drug delivery system using enhanced permeation and retention effect,
was employed to the radiopharmaceuticals or radionuclides, enables the diagnosis
and treatment of the tumor. As a pre-study of the radiopharmaceuticals
development, we have researched the nano—-compound synthesis for the
copolymer of lactide and glycolide (PLGA). We have observed the size variation
of the PLGA according to the type and quantity of the solvents and stabilizers.
We have also accomplished synthesizing the PLGA compound in subnano scale,

and we are still studying how to resize the PLGA compound in nano scale.

F. Manage the cyclotron
The maximum beam current of the ion source was increased to 30% by
adjusting the position of the Faraday-cup and changing the support of the

filament. Not only the ion source was improved, but also the maximum capacity
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of the cyclotron was improved by testing the RF aging, other power supplies,
and measurement instruments. Hereby, we have verified that the cyclotron can
produce 1004 with 1.5MeV, and also demonstrated the fact that the beam can

be extracted in stable from the cyclotron by running the cyclotron for one hour.

G. Measure the dose of the low-level gamma ray irradiation facility

The dose distribution chart was drawn based on the gammacell 40 exactor
with the attenuator, which decreases the radiation dose to 0.12Gy/min. The LiF
Thermoluminescence Dosimeter (TLD, €& 3/d%4) doped with Mg, Cu, Na, Si
was used to measure the absorbed dose, and Harshaw TLD-4500 was employed
to interpret the result. The dose distribution chart was evaluated by measuring
21 points of the 26cm X6.6cm area after 10 minutes’ irradiation with steady

state.

H. Rectify the dose of the hign-level gamma ray irradiation facility

To maintain the retroactivity of the dose measurement, the standard dosimeter
- irradiated by the National Physical Laboratory (NPL) according to the
ISO/ASTM 51261 - was used to compensate the alanine EPR dose

measurement system.

I. Design high-level dosimeter using the polymer material

We put the LDPE into the inner mixer, Haake Mess—Tcchnik GMBH (German),
and melt with the condition of 120TC, 60rpm. We put the 20740% of Sucrose
into the melted LDPE and mix them for 10 minutes, and then we make the
sample with sheet form in the condition of 0.2MPa pressure. By irradiating the
sample with bkGy 100kGy gamma ray In room temperature, we measured,
analyzed, and examined by the Electron Spin Resonance (ESR), Infrared

Spectrometer (IR), and Chemiluminescence (CL).
J. Calculate the irradiation dose of the insulating material (epoxy)

We have tested the thermo-emission measurement and measured

thermo-properties of the matter to evaluate the irradiation dose and the radiation
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thermo-critical properties of the matter for the nano—compound, which consist of
the epoxy and EVA-CNT. The quantities of thermo-emission of the epoxy and
EVA-CNT are increased to the level of 500kGy and 100kGy, respectively, and
then decreased as the irradiation dose and temperature increased. In addition, we
have confirmed that the Derivative Thermo Gravimetry (DTG) peak
temperatures decreased and the oxidation reaction occurred vigorously, in the
condition of the irradiation dose increased and the rate of temperature increment

decreased.

K. Synthesize the fluorescent polymer using electron beam irradiation

According to the NMR, FTIR, and UV/vis spectrum, we analyze the PAHs
generation mechanism causing the fluorescence of the electron irradiated PS. We
also accomplished that making a various number of micro fluorescence patterns
by irradiating the electron beams selectively to the PS, based on the electron
beam lithography method or the metal mask with the micro size patterned.
Especially, the electron beam irradiated fluorescent matter tends to be not melt
easily by the solvent, and has advantages in making 3-dimension micro organic

fluorescence.

5. Cooperate with the Nation, and Develop the RT communication

In order to cooperate with the regional societies and to expand the base of
science, we have established the sisterhood relationship with the local primary
school, and run the scientific invention school and life-science school. We also
invite students, public institutions, and citizen to the facility field trip, and
publicize the atomic energy and radiation through the mass media like
broadcasting and newspapers. Beside, we have established a communication
strategy to the public for the radiation utilization technology to solve critical
mind for the radiation or atomic energy retained to the public groups. And we
planed the practical communication channel to improve understandings for the

ARTI and the general radiation.
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The purpose of this project are to operate the core facilities of

Abstract the research for the Radiation Technology in stable and to assist

the research activities efficiently in the industry, academic, and research laboratory. By
developing the infrastructure of the national radio technology industry, we can activate the
researching area of the RT and the related industry, and obtain the primary and original
technology. The key point in the study of the RT and the assistance of the industry,
academic, and research laboratory for the RT area smoothly, is managing the various of
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high level and managed in stable also. The ARTI have been developed the 30MeV cyclotron
during 200572006, aimed to produce radioisotopes and to research the beam applications as a
result of the project, "Establishment of the Infrastructure for the Atomic Energy Research
Expansion”, collaborated with the Korea Institute of Radiological & Medical Sciences. In
addition, the ARTI is in the progress of establishing cyclotron integrated complex as a core
research facility, using a proton beam to produce radioisotopes and to support a various
research areas. The measurement and evaluation of the irradiation dose, and irradiation
supporting technology of the Good Irradiation Practice(GIP) are essential in various
researching areas. One thing to remember is that the publicity program should be done not
the form of the decision PR but the style of the process PR. To accomplish this, various
cooperation and support programs should be developed and managed not only for the local
area but also for the nation wide, and then the acceptance for the atomic energy and its
applications will be higher than ever.
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