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Abstract

The Korea Atomic Energy Research Institute (KAERI) is a national organization in Korea,

and has been doing many research and development works in radioisotope production and

applications for more than 30 years. Now KAERI regularly produces radioisotopes (1-131, Tc-

99m, Ho-166) for medical use and lr-192 for industrial use. Various 1-131 labeled compounds

and more than 10 kinds of Tc-99m cold kits are also produced.

Our multi-purpose reactor, named HANARO, has been operative since April of 1995.

HANARO is an open tank type reactor with 30 MW thermal capacity. This reactor was designed

not only for research on neutron utilization but for production of radioisotopes. KAERI intended

to maximize the radioisotope production capability. For this purpose, radioisotope production

facilities (RIPF) have been constructed adjacent to the HANARO reactor building. There are

four banks of hot cells equipped with manipulators and some of the hot cells were installed

according to the KGMP standards and with clean rooms.

In reviewing our Rl production plan intensively, emphasis was placed on the development of

new radiopharmapeuticals, development of new radiation sources for industrial and therapeutic

use, and steady production of selected radioisotopes and radiopharmaceuticals. The selected

items are Ho-166 based Pharmaceuticals, fission Mo-99/Tc-99m generators, solution and

capsules of 1-131, and lr-192 and Co-60 for industrial use. The status and future plan of

KAERI's research and development program will be introduced, and will highlight programs for

steady production.
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1. Introduction

The Korea Atomic Energy Research Institute (KAERI), as the nation's sole comprehensive

nuclear research institution, is making a great effort in developing technologies for an advanced

nuclear reactor, proliferation resistance nuclear fuel cycles, and other advanced nuclear

technologies. In addition, extensive research works are being carried out in areas of

radioisotope production and application utilizing HANARO and new radiopharmaceuticals to

promote public welfare and to increase public acceptance of nuclear energy. Our research

works on radioisotopes were started in 1962 with a small research reactor, TRIGA MARK-II, that

had 250 kW thermal capacity and was located in Seoul. Since that time, as the reactor was very

small and the shielding facilities were not sufficient to handle highly radioactive materials, the

research activities were limited to the basic development. In 1973 with a new research reactor,

TRIGA MARK III, having 2 MWth capacity and with the results of basic research, KAERI could

start production of radioisotopes for medical and industrial use such as 1-131, P-32 and Tc-99m.

Since1992the Korean government has been encouraging 'Mid and Long Term Nuclear R&D

Programs' to enhance the capability of nuclear technology development in a systematic and

effective way. As a research project of the Programs, 'Study on Production and Application of

Radioisotope' was launched with the goal of localization of the radioisotopes in great demands

and radiopharmaceuticals, and the developments of new radioisotopes and application. With the

initial criticality of HANARO, the Rl production plan of KAERI was intensively reviewed and

emphasis was placed on the development of new radiopharmaceuticals, development of new

radiation sources for industrial and therapeutic use, and steady production of selected

radioisotopes and radiopharmaceuticals. Accordingly, the R&D project has been divided into

four parts; development of new labeled compounds, fission Mo-99/Tc-99m generator production

technologies, production processes and applications of radioisotopes, and neutron activation

analysis.

In the course of the R&D works, many successes have been achieved in the following areas

and, as a result, many radiolabeled compounds and radioisotopes can be regularly produced

and supplied for medical and industrial use.

- Radiolabeled compounds and brachy therapy,

- Technologies for steady production of radioisotopes and radiopharmaceuticals,

- Production processes and handling devices for radioisotopes,

- Improvement of neutron activation analysis techniques and analysis service.

In this article, the current status and future plan of research and development works of KAERI

will be introduced, and will highlight steady production programs of radioisotopes and

radiopharmaceuticals
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2. HANARO, Korea multipurpose research reactor.

A significant amount of radioisotopes are currently produced at a research reactor at

KAERI. It is the High-flux Advanced Neutron Application Reactor, or HANARO, with 30 MW

thermal capacity. It is designed to obtain the highly advanced perfonmance such as high neutron

flux up to 5x1014 n/cm2/sec and to meet the various research necessities and production

requirements of radioisotopes. In Figure 1, these performance requirements and the planned

utilization programs are summarized.

Performance
requirements

- maximum thermal neutron flux
- local neutron flux level

5x1014n/cm2.sec
constant within 20%

over 50 cm
- minimum operation period without refueling : 4 weeks

with more than 25 mK excess reactivity
- burn-up of the discharged fuel : more than 50%
- reasonable combination of size, types and orientation

for experiments
- inherent safety characteristics

HANARO
Utilization
programs

I
- Fuel and material tests necessary to support localization of fuel

and reactor components
- Production of radioisotopes, including "Mo, 99mTc, 1 3 1 I , 192lr, 153Sm, 165Dy

166Ho, etc.
- Neutron activation analysis of nuclear-grade material and industrial samples
- Research employing neutron beam, e.g. nuclear physics, solid state physics

and metallurgy
- Neutron radiography

Fig. 1. The designed performance requirements and utilization programs of HANARO

The construction of HANARO was begun in 1985 and completed in December of 1994. Initial

criticality was reached in February of 1995 and currently it is operated at 20 MWth. It is an open

tank type reactor and cooled with light water. There are 24 irradiation holes; 3 IR holes in the

core, 4 OR holes in the outer region and 17 IP holes in the reflector region. In OR holes,

neutron flux is very high and the target is cooled by convective up flow. Thus, OR holes are to

be utilized for the production of fission radioisotopes such as Mo-99 through (n,f) reaction of

uranium.
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3. Facilities for production of radioisotopes

To maximize the isotope production capability, KAERI also completed the construction of

radioisotope production facilities (RIPF) adjacent of the HANARO reactor building in 1997. The

facilities are composed of three stories and the total area is around 9,000m2. Figure 2 shows the

general layout of the ground floor.

BANK

RIPF IMEF

Fig. 2. The general layout of the Radioisotope Production Facilities (RIPF)

There are four banks of hot cells, five laboratories for R&D and quality control, a counting

room and auxiliary rooms for operation of the hot cells. The first bank has 4 hot cells with 1.2 m

thick walls of heavy concrete and a water pool of 5.7 m deep for irradiated target storage. In

these hot cells, sealed sources of lr-192 and Co-60 for NDT and gauges are now producing and

will be extended to steady production. The bank II has 11 lead hot cells equipped with two

manipulators and one lead glass window per each. The shielding thickness of these hot cells is

from 10 up to 15cm. They are utilized for production of radioisotopes such as P-32, Mo-99, Cr-

51 etc., handling of isotopes, for instances, cutting of irradiated target containers and fabrication

of irradiation targets, and research works. In Bank III, there are 6 lead hot cells for the

production of medical radioisotopes. Two of them are used for 1-131 solution processing, one for

1-131 capsule preparation and others for Tc-99m generation and labeled compound synthesis

such as l-131-MIBG, Ho-166 CHICO. These 6 hot cells are installed in accordance with Korea
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Good Manufacturing Practice (KGMP), and with clean rooms. Bank IV is now empty, but it will

be equipped with 3 hot cells, apparatus for production of Tc-99m generators and a clean room.

Two clean rooms, around 136 m2 of clean class 10,000 and 134 m2 of clean class 100,000,

are located at the second floor of the RIPF. These clean rooms were installed for the production

of Tc-99m cold kits and labeled compounds, and also in accordance with KGMP standards. In

designing these clean rooms, a dual concept has been introduced; i.e., radiation protection and

maintenance of biological cleanliness. The major equipment for the clean rooms are:

Water purification system 1 set

Freeze dryer 3 sets

Glove box 3 sets

Clean bench 2 ea

Safety biocabinet 2 ea

Autoclave 1 set

Hot air sterilizer 1 set

Automatic vial washer 1 set

Many devices and tools are also developed and applied in the irradiation of targets for

production of radioisotopes. The most important ones are the irradiation capsules and rigs for

irradiation holes. While IR rigs are still being tested for safety verification, the IP and OR rigs

were completely developed and utilized. The containers for the transportation of irradiated

targets for Mo-99 and lr-192 were designed, fabricated and applied in the regular production.

And other tools for handling targets, capsules and isotopes in the hot cells and in the water pool

of the reactor were developed and will be improved by automation to enhance the easiness of

operation, to increase the safety margin and to reduce the radiation dose.

4. Results and plan of R&D projects

As indicated, KAERI has developed many radioisotopes for medical and industrial uses and

labeled compounds for radiopharmaceuticals, and will continue its efforts to broaden Rl and

radiation utilization in future. In Table 1, the items completed, under development and to be

developed are listed.

Now KAERI regularly produces radioisotopes (1-131, Tc-99m, Ho-166) for medical uses and

lr-192 for industrial uses. Various 1-131 labeled compounds and more than 10 kinds of Tc-99m

cold kits are also produced. In Table 2, radioisotopes produced at KAERI for one and half years

are listed and in Table 3 radiopharmaceuticals are listed. Several hundred curies of 1-131 and Tc-

99m were sold to domestic users and the annual revenue in 1998 was around US$ 330,000. 2~

3 curies of various 1-131 labeled compounds such as RIHSA, Hipuran and MIBG were routinely
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produced in the RIPF and supplied to the users. Newly developed Ho-166 based compounds for

cancer therapy were supplied to several hospitals for clinical studies. The total amount of Ho-

166 compounds as chitosan complex and patches is expected to be over 80 Ci this year.

However the amount supplied by KAERI corresponds to 10 to 30 % of total domestic demands

and KAERI is required to increase the rate of steady and high quality production

A small amount of P-32, Na-24 etc. were supplied for research and special industrial

purposes in compliance with the user's order.

Table 1. List of radioisotopes and radio labeled compounds

Classification

Radio-
isotopes

Radio-
labeled
compound

Others

Open
source

Sealed
source

1-131

Tc-99m

Dy-165

Ho-166

Sm-153

Ho-166

Completed

Tc-99m 1-131
Au-198 Cr-51
P-32

lr-192

Hipuran MIBG

Phytate MDP
DISIDA DTPA
PYP Sn colloid
HAS MAA
ASC DMSA

HMA MA

Under development

1-125
Mo-99/Tc-99m

Co-60

HMPAO

CHICO Patch

Stent Balloon

To be developed

Re-186 Re-188
P-33 Sr-89

Gd-153 Eu-152
Sb-125 Ni-63

MIBI

EOTMP

Table 2. Radioisotope production in KAERI for one and half years

open

sealed

Nuclide (chemical form)

1-131 (Nal)
Tc-99m (NaTcO4)

Mo-99 (M0O3)
Na-24 (Na2CO3)
Cs-137(CsCI)
Sc-46 (ScCy

lr-192 (metal)
Co-60 (meta)

total

Production

'98 (mCi)

123,374
160,252

7,800
4,000

20
200

8,544
2,241

306,531

"99. 8. (mCi)

99,539
196,460
7,000

9,296
2

312,297
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Table 3. Production of Radiolabeled compounds in KAERI for one and half years

Compounds

131I Hipuran
MIBG

RISHA-
166Ho
"mTc Phytate

MDP
DISIDA
DTPA

Tin, colloid
PYP
HSA
MAA
ASC

MMSA

Total (mCi, vial)

"98 (mCi)

4
2,162

1
68,311

1,655
3,270
3,155
1,423
1,500

190
145
390
324
913

70,478(12,965)

'99. 8. (mCi)

9
2,382

3
46,876

1,380
2,430
1,950

720
800

60
35

105
312
410

49,270(8,157)

5. Steady production programs

All scopes of the research project can be divided into two categories; one of them is pure

research work and another is steady production of the developed isotopes and

radiopharmaceuticals. The pure R&D covers the development of new labeling materials, new

radiation sources and new diagnostic/therapeutic methods, and the creation of new applications.

The items for steady production are Ho-166 based Pharmaceuticals, fission Mo-99/Tc-99m

generator, solution and capsules of 1-131, and lr-192 and Co-60 for industrial use. These are

selected because there is great demand in Korea for them, and they can add the high value to

products. Furthermore, they and are believed to be successful. The programs will be carried out

in the form of joint research among KAERI, hospitals and industries to ease commercialization

after development.

<Ho-166 based radiopharmaceuticals>

Recently several important therapeutic methods using Ho-166 were newly developed by

KAERI. They are 166Ho-chitosan complex for liver cancer treatment, 166Ho patch for skin cancer

treatment and devices for brachy therapy such as the stent and the balloon. While the stent and

the balloon are still under development, pre-clinical studies on 16<5Ho-chitiosan complex and
166Ho patch were completed with very successful results and now clinical studies are being
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carried out at various hospitals. For 166Ho-chitosan complex, the clinical study will be finished

before the end of this year, and commercial production and application in hospitals is expected

to be possible from middle of next year. Figure 3 shows the approach for the development

works. As shown, development was jointly carried out between KAERI, hospitals and industries.

KAERI is going to apply this approach to all steady production programs. And KAERI wants to

collaborate with foreign institutes and companies for broadening the application of these

radiopharmaceuticals.

KAERI

- Preparation of 166Ho
- Preparation of patches and complex
- development of therapeutic method

Foreign
institutes/companies

extension of application

Joint development

Hospitals

Clinical study
New application

Industries

Pre-clinical study
( Safetv and Efficacv TesN

Funding^

Fig. 3. Approach of KAERI for the development of 166Ho based radiopharmaceuticals

<Fission Mo-99/Tc-99m generators>

Now in Korea, there are 184 gamma cameras in 96 hospitals. For the operation of these

cameras, the supply of Tc-99m solution and the relevant cold kits are essential. In 1980's a MEK

solvent extraction generator system was developed in KAERI and supplied to 5-6 hospitals with

Mo-99 solution. But now KAERI and one hospital use this type of generator system. Generally

the chromatographic generator is more popular in large hospitals in Korea. Recently the

demand for Tc-99m generators is over 150 per week and the annual amount of sales has

reached 5 million US dollars. It urges KAERI to produce Tc-99m chromatographic generators.

KAERI has already prepared around 120m2 of space in the hot cell area (Bank 4 in RIPF) for

future installation of a generator loading facility. A feasibility study for the generator based on

the fission Mo-99 was finished and a plan was made to restart the installation of the loading

facility and hot cells for the Tc-99m generator production from this year. In 2002 when the facility

is completed, 150 generators per week will be assembled and supplied to domestic users.

In parallel with GLF installation, the production process for fission Mo-99 will be installed.
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For this, the existing concrete hot cells will be modified instead of new construction. The

capacity of the fission Mo-99 process will be 5,500 Ci/year and is larger than local demand. But

we have to import around 2,000 Ci Mo-99 during the shut down of HANARO and export the

excess 3,500 Ci-Mo-99 to back up the supplier.

At the beginning of the feasibility study, the development of the all technologies and

equipment was assumed. It has been gradually acknowledged that the introduction of foreign

technologies could be more desirable for the Tc-99m generator production for the earlier

achievement of good quality and steady production. For the Mo-99, however, the strategy of

development has not changed. Many items necessary for installation of facilities and equipment

for Mo-99/Tc-99m generator production were defined and the approach methods were analyzed

item by item as shown in Figure 4.

facilities

process

equipment
QA/QC

design fabrication documentation

by KAERI

installation commissioning

with collaboration

Commercial approach

de

facilities

process
equipment

QA/QC

sign fabrication documentation

by KAERI

: ' : ^ ; i : i ; : ; : : : ; : : o : : ; : ! : ••':•':
•:.-r\-:---\-:-\-:.-:--:.-::-:-:-:::-.

: : : ' - : ; : : : : : ' : : - : : : : : ; - . ' . • ' , • ' :

installation commissioning

:̂ :!with::hSp;:;::;;;

by foreign partner

Fig. 4. KAERI's approach for installation of fission Mo-99/Tc-99m generator production facilities

<Solution and capsules of 1-131 >

In the late 1960's, an 1-131 production process, based on wet distillation from irradiated

TeO2 target, was developed with the assistance of IAEA and the reactor produced 1-131 could

be supplied to domestic users beginning in 1967. The development of a more advanced dry
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process was started from 1987 and completed in 1992 with the installation of a routine

production system in the hot cells located in Seoul. Next year KAERI changed the process from

wet to dry distillation and could regularly supply the higher quality 1-131. HANARO can be

utilized for the production of 1-131 from 1997 and the encapsulation process was developed by

KAERI and has been utilized since last year. Now KAERI produces and supplies the 1-131

solution of specific activity of 2~4 Ci/ml and therapeutic capsules of 30 to 200 mCi to domestic

users.

As the high dose 1-131 therapy for cancer treatment becomes popular, the demand of

therapeutic capsules will rapidly increase and higher specific activity will be required. To meet

these requirements, a development plan has been established for the increase in production

rate and the products with high specific activity. Four batch operations per week, the installation

of stand-by equipment in chemical processing, and process automation are included in the plan.

With this improvement, the maximum capacity of KAERI will be 60 Ci/week, that is about 10

times as much as the local demand in Korea.

Accordingly, the export of 1-131 to foreign markets is also considered in the plan. Many

foreign companies have interest in our 1-131 solution of high specific activity and KAERI sent

three samples to one of them. The qualification report from the company showed that our 1-131

solution was compatible with internationally used products.

<lr-192 sealed source for NDT>

The Korean national demand of lr-192 for NDT is around 70,000 Ci/year and most of them

are imported from foreign countries. The fabrication technologies have already been developed

in 1974 using TRIGA MARK-MI reactor but the fabrication capacity was only 5 to 6 sources per

day. In early 1990's, a study for mass production and high specific activity was started, including

utilization of the high neutron flux reactor, HANARO. In 1997, the semi-automatic equipment for

the fabrication of the radiographic sources was successfully installed at BANK I of the RIPF.

Last year the operation permission for mass production was applied to Korea Institute of

Nuclear Safety (KINS). Qualification from KINS will be finished before the end of this year and

around 3,000 Ci/month of lr-192 sources will be produced and fabricated starting next year.

Irradiation of targets in IR holes and longer operation of the reactor at higher power can

increase the production rate up to 9,000 Ci/month.

The fabrication equipment for the sealed sources was developed in collaboration with a

private company. In addition, lr-192 irradiators are being developed using depleted uranium for

more effective utilization of the source. All the technologies for the production of lr-192 sources

will be transferred to a private company who will produce and supply the NDT sources to

domestic users and foreign markets.
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< Co-60 sealed source>

Two concrete hot cells of 1.2 m thick wall and one water pool in RIPF are prepared for the

production of sealed sources of Co-60. In the hot cells, Co-60 sources are now produced for

application to gauges, but because they are produced according to user's request, production

rate is very low and not constant. KAERI finished a feasibility study on the mass production and

concluded it could be profitable in the case where Co-60 can be produced in a commercial

heavy water reactor in Wolsong, and fabricated for sealed sources in RIPF of KAERI. Now a

feasibility study, jointly among KAERI, KEPCO(Korea Electric Power Company) and

MOST(Ministry of Science and Technology) is being carried out and will be finished at the end of

this year. The production capacity is expected to be over several million curies and the first

source can be fabricated before 2003.
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