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EXECUTIVE SUMMARY

The Fourth UNDP/RCA/IAEA Meeting of National Co-ordinators for Radiation
Technology was held in Takasaki, Japan, 11-16 December 1996. It was attended by 15
National Co-ordinators, 2 IAEA staff and 5 staff of TRCRE.

The objectives of the Meeting were to provide information for the Terminal Report
of the joint UNDP/RCA/IAEA project RAS/92/073 and to look into future activities under the
Radiation Technology project.

The main achievements of this Meeting are:

The Meeting reviewed the implementation of all radiation technology sub-projects
and agreed that all of them were successful but not yet equally developed among RCA
Member States.

The Meeting recommended to have three projects carried out in the form of Co-
ordinated Research Programs and requested the IAEA to find new ways to implement the
CRPs in the simplest and most effective way. National Research Groups should be
organized in RCA Member State to carry these CRPs out.

The Meeting recornmended to continue with the present National Co-ordinator
System.
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REPORT
Of

The Fourth UNDP/RCA/IAEA Meeting
of

National Co-ordinators for Radiation Technology

Takasaki, Japan, 11-16 December 1996

The Meeting was attended by representatives of 15 RCA Member States,
representatives of JAERI and the IAEA. A list of participants is attached as
Annex 1.

L OPENING SESSION

a. Welcome address

Mr. S. Sato, Executive Director, JAERI, welcomed all participants to the
Meeting on behalf of JAERI. He pointed out that this was a termination meeting
for the Radiation Technology sub-project within the framework of the joint
UNDP/IAEA/RCA project and that the achievements of the past as well as of the
future of the project would be discussed. Ms welcome address is attached as
Annex 2.

Mr. Y. Izumi, Research and International Affairs Division, Atomic
Energy Bureau, Science and Technology Agency, welcomed the participants on
behalf of STA. He mentioned that Japan had been a member of RCA since 1978
and had participated in many projects; TRCRE had been intensively involved in
the Radiation Technology project. He expressed the hope that discussions arising
from this Meeting would benefit the future of this project.

Mr. S. Nagayoshi, Science and Nuclear Energy Division, Foreign Policy
Bureau, Ministry of Foreign Affairs, welcomed participants on behalf of the
Government of Japan. He referred to the recent Tokyo Conference on Nuclear
Safety which provided an appropriate time now for the transfer of Radiation
Technology and confirmed Japan's continuing technical and financial support
for RCA.

Mr. S. Machi, Deputy Director General, Department of Research and
Isotopes, International Atomic Energy Agency, welcomed participants to the
Meeting. He pointed out that RCA was the most successful regional co-operative
agreement established 24 years ago and that the UNDP project was initiated
under RCA at the time when he was RCA Co-ordinator. He informed the



participants that the IAEA Board of Governors Meeting had approved the
Technical Co-operation Programme including the RCA Programme for 1997-
1998 and that UNDP had offered further financial support. He asked all
Member States for their support of the new UNDP project. The full text of his
speech is attached as Annex 3.

b. Objectives of the Meeting

Mr. Machi, outlined the objectives of the Meeting by explaining the
necessary steps to prepare a termination report of the Radiation Technology
project (Annex 4). He explained the policy on Technical Co-operation projects
(Annex 5) and the IAEA Model Project system for Technical Co-operation
(Annex 6). He further summarized Radiation Technology methods for
Environmental Protection (Annex 7) and explained the Agency's move towards
more training and less equipment (Annex 8).

c. Adoption of Agenda

The Agenda was adopted and is attached as Annex 9.

d. Introduction of participants

All participants of the Meeting were introduced.

e. Election of Chairman

Mr. K. Makuuchi, TRCRE-JAERI was nominated by Australia, seconded
by Indonesia and Bangladesh, and unanimously elected Chairman of the Meeting.

2, TECHNOLOGY TRANSFER THROUGH RCA

Mr. Machi gave an overview of the UNDP/RCA/IAEA project. His
explanations on the individual sub-projects are summarized in Annex 10.

1 OVERVIEW OF THE TECHNOLOGY PROGRESS IN THE REGION

The progresses in radiation technology in the region through the RCA
activities were summarized.

A. RADIATION TREATMENT OF FLUE GAS
presented by Mr. Zhu Jin Liang, China

1. Regional/national activities:

Two Regional Training Courses on radiation treatment of flue gas were held by



Japan with a total of 32 participants from most RCA countries, mainly from
China, India, Republic of Korea, Malaysia, Philippines and Thailand,
b. Two National Training Courses were held by China and Malaysia with a total
of 128 participants.

2. Classification:

Category Member States
a: no activity Bangladesh, Myanmar, Mongolia, Philippines,

Sri Lanka, Thailand, Viet Nam
b: laboratory India, Indonesia, Malaysia, Pakistan
c: pilot scale People's Republic of China, Republic of Korea
d: commercial

3. Conclusion:

a. Two countries set up pilot plants, Japan and China; Republic of Korea set up a
small pilot plant. Three countries are involved in R and D, Indonesia, Malaysia,
India. Most of the countries have not started activities.

b. Radiation treatment of flue gases is an important aspect to environmental
protection. EB treatment for purification of flue gases possesses more
practically favourable advantages compared with conventional processes.

c. EB processing for purification of flue gases from coal-fired boiler and from
municipal waste incinerator is now in the stage of being used in full-size plants.

d. Presently this technology has a big social impact. Its economic impact is to be
practically tested. Chinese authorities are ready to enlarge the scale and some
commercial uses, if successful.

4. Future activities

a. More Regional Training Courses will be necessary for most of the RCA
countries. In addition, National Training Courses are needed for China, India,
Indonesia, Republic Korea and Malaysia.

b. One company in Republic Korea has actively participated in research work.
Malaysia, Indonesia and India are in a technical evaluation stage, based on the
availability of facilities. These countries and Pakistan will actively participate
and are taking the cost-effectiveness into consideration. For the treatment of
ventilation exhaust from a car highway tunnel, long operation should be carried
out with a larger plant to confirm the durability and reliability of the
process.(More details are shown in Annex 111.



B. RADIATION TREATMENT OF LIQUID WASTE AND MUNICIPAL
SLUDGE
presented by Mr. C. Gopinathan, India

1. Regional/national activities:

6 Regional training activities were held and National training courses were held
in India.

2. Classification:

a: no activity Malaysia, Myanmar, Mongolia, Philippines,
Sri Lanka

b: laboratory Bangladesh, People's Republic of China, Indonesia,
Republic of Korea, Pakistan, Thailand, Viet Nam

c: pilot scale
d: commercial India

3. Conclusion:

At present, commercial scale activity is restricted to India. At Baroda (India), a
commercial sewage sludge treatment plant (110 m3/day of digested sludge with
4% solids) has been in operation for 6 years. In some countries laboratory scale
work is at an advanced stage (e.g. China, Thailand)

4. Future activities:

More commercial plants are expected in due course in India. In view of the
interest shown by some countries, eventual commercial scale operation is
expected in these countries. Laboratory scale work on the treatment of
industrial waste water is going on in some countries (e.g. India, China).
Commercialisation may be expected in due course. (More details are shown in
Annex 12)

C. RADIATION CURING
presented by Mr. Idriss Ali, Bangladesh

1. Regional/national activities:

a. A number of Regional Training Courses was held during the last RCA period.
Most of the countries participated in these activities with the exception of
Bangladesh, Mongolia and Singapore. The largest number of persons trained (3)
came from China and India.

b. Among the National Training Courses, China (80), Malaysia (89) and
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Philippines (26) carried out the largest number of events.

2. Classification:

a: no activity Myanmar, Mongolia
a': commercialized without Sri Lanka

activity in NNRI
b: laboratory India, Pakistan, Philippines, Viet Nam
c: pilot scale Bangladesh, Indonesia, Malaysia,

Thailand
d: commercial People's Republic of China,

Republic of Korea
NNRI: National Nuclear Research Institute

3. Conclusion:

a. Radiation Curing is an important aspect among various activities of RCA.
Most of the RCA Member States except Myanmar and Mongolia, who joined the
RCA programme later, are actively involved in research and development of
curing either by EB or UV process.

b. Some of the RCA Member States have already commercialised this
technology. These countries are Japan, China and Republic of Korea. India has
also joined this group in implementing the commercial venture.

c. The majority of the RCA Member States is actively contemplating to
commercialzie this technology within a short period of time.

d. In the absence of electron beam (EB) curing, ultraviolet (UV) curing is
already in operation in many of these countries such as Thailand, Sri Lanka,
India, Malaysia, etc.

e. In the light of less cost involvement and convenient handling by UV curing
process, compared to EB curing, many RCA countries may go forward with the
UV curing and when time is right, EB curing may follow.

4. Future activities:

The RCA countries wish to actively participate in the new UNDP sub-project on
'Applied Radiation Chemistry of Polymers' (More details are shown in Annex
13).

D. RADIATION VULCANIZATION OF NATURAL RUBBER LATEX
presented by Mr. Khairul Zaman, Malaysia



1. Regional/national activities:

a. Research on RVNRL is being carried out in 9 RCA countries. In 1993, an
Expert Advisory Group Meeting (EAGM) comprising of RVNRL project
leaders was held to review the progress of the project and to plan for the RVNRL
programme for 1993-1996.

b. In 1996, an International Symposium on RVNRL was held from 15 to 17 July
in Kuala Lumpur, Malaysia. More than 100 participants attended the
Symposium. The Symposium was followed by another EAGM from 18 to 19
July 1996.

c. At the national level, several countries such as India, Malaysia, China, Sri
Lanka, Thailand and Viet Nam have organised training courses and seminars to
disseminate information and know-how on RVNRL. About 197 personnel in the
Region have been trained through national activities.

2. Classification:

a: no activity Myanmar*, Mongolia, Pakistan, Republic of Korea
b: laboratory
c: pilot scale Bangladesh, People's Republic of China, Philippines,

Sri Lanka, Thailand, Viet Nam
d: commercial Indonesia, India, Malaysia, Thailand

*) Myanmar will begin research in RVNRL in 1997.

3. Conclusion:

a. RVNRL is one of the most successful UNDP/RCA/IAEA radiation technology
sub-projects in the Region. This is demonstrated by the establishment of 3
semi-commercial RVNRL plants in Indonesia, India, and Malaysia. The fourth
plant will be in operation in Thailand by early 1997.

b. In the other Member States, Bangladesh, China, Philippines, Sri Lanka and
Viet Nam, research on RVNRL is no more confined to laboratories. Several
tests on large scale production of RVNRL have been conducted using multi-
purpose gamma facilities. Industrial tests on the production of RVNRL products
have also been conducted in some countries.

c. RVNRL is now available for commercial use. In countries such as Indonesia,
India, Malaysia and Thailand, RVNRL is being used for the production of
industrial rubber dipped products.

d. Several private companies have shown great interest in RVNRL and RVNRL
products. Currently, RVNRL is undergoing market acceptability tests in



countries outside RCA such as USA and in Europe.

4. Future activities:

The RCA countries wish to actively participate in the new RCA project on
RVNRL to improve the physical properties of RVNRL, to develop procedures
for the preparation and production of RVNRL - Process and Quality Control and
to establish mechanisms for technology transfer in RCA Member States (More
details are shown in Annex 14).

E. RADIATION CROSSLINKING
presented by Mr. Shamshad Ahmed, Pakistan

1. Regional/national activities:

Regional Training Course and National Training Courses in China, Malaysia,
Indonesia and Pakistan were held with over 100 technicians and scientists
trained.

2. Classification:

a: no activity Bangladesh, Myanmar, Mongolia
Philippines, Sri Lanka

a': commercialized without Thailand
activity in NNRI

b: laboratory Viet Nam
c: pilot scale India, Indonesia, Pakistan
d: commercial People's Republic of China,

Republic of Korea, Malaysia

3. Conclusion:

This technology has been developed through the UNDP project, and several
companies in China, Republic of Korea, Malaysia have started commercial
utilization. A factory producing plastic foams will start operation in 1997 in
Bangkok, Thailand, using this technology. Several countries, such as Viet Nam,
Bangladesh, etc. are still in a stage of development of this technology. The next
UNDP project may be useful for the further development and transfer of the
technology to those countries.

4. Future activities:

Expert missions and fellowships will be useful through the UNDP project (more
details are shown in Annex 15).



F. INDUSTRIAL STERILIZATION
presented by Mr. M. T. Razzak, Indonesia

1. Regional/national activities:

a. Three new Industrial Radiation Sterilization plants have been established in
Malaysia (1993), India (1994) and Sri Lanka (1994). In addition, some multi-
purpose gamma irradiators have been constructed or upgraded in RCA Member
States. It was recognized that Thailand has a new gamma irradiator of 450 kCi,
Indonesia 10 kCi Gamma chamber (1994), Viet Nam 100 kCi (1992), India
upgraded RASHMI and SARC irradiator facilities in 1994 and Philippines
upgraded Gamma beam to 150 kCi (1996) for multi-purpose and sterilization
services.

b. RCA Member States have actively participated in Regional Training Courses
and RW/Seminar covered in Output 2.1 and 2.3. Among the RCA Member
States, China, Bangladesh, India, Indonesia, Malaysia, Philippines, Thailand and
Viet Nam have participated actively in Regional Training Courses. National
activities in this field were mainly carried out by China, Indonesia, Philippines
and Viet Nam.

c. Although there is much progress in the establishment of irradiator plants, the
regulations concerned with GMP and GRP seem to be left behind.
Harmonization of the regulations is considered a very important task for the
future.

2. Classification:

a: no activity Myanmar
a': commercialized without Sri Lanka

activity in NNRI
b: laboratory Mongolia
c: pilot scale Bangladesh, Pakistan
d: commercial People's Republic of China, India,

Indonesia, Republic of Korea, Malaysia
Thailand

3. Conclusion:

a. Industrial Radiation Sterilization is the most successful application of the RCA
program.

b. Harmonization of regulations is necessary to improve the benefit of the
technology.



4. Future activities:
To improve the exchange of information and experience between RCA Member
States and complete regulations aspects as well as create harmonization to gain
maximum benefit of the technology (More details are shown in Annex 16).

G. BIOMEDICAL APPLICATIONS
presented by Mr. Young Chang Nho, Republic of Korea

1. Regional/national activities:

a. 1 Regional seminar and 1 national training course were held in China and
Japan, respectively.

b. China, Indonesia, Malaysia and Thailand held 1 national seminar,
respectively.

2. Classification

a: no activity Myanmar, Mongolia, Pakistan, Sri Lanka
b: laboratory Bangladesh, Malaysia, Thailand, Republic of Korea,

India, Philippines, Viet Nam
c: pilot scale Indonesia, India
d: commercial People's Republic of China

3. Conclusion:

This project was introduced in the third phase of the UNDP/RCA/IAEA project.
Most of the RCA countries are just developing the knowledge and know-how in
the radiation technology for biomedical application. Some countries, such as
China, Japan, Indonesia have commercialized this technology. Most of the
member countries want to further develop this technology in the future. Most of
the member countries want to participate in the biomedical application field
through the new RCA program.

4. Future activities:

Most of the member countries want to participate in biomedical application
through the new UNDP project 'Radiation Processing' and the new RCA project
'Radiation Processing of Indigenous Natural Polymers'.

4, NEW UNDP/RCA/IAEA PROGRAM - UPGRADING AGRO-WASTE

Mr. Machi informed the Meeting that this project was included within the
new UNDP project. He presented an overview of the UNDP project (Annex 17),
pointing out the individual sub-projects and explained that UNDP had offered



USD 3 million for a 5-year period, under the condition, that Member States
would participate on a cost-sharing basis. Mr. Machi pointed out that this was a
common policy of international organizations and asked Member States to have
Project Formulation Meetings soon to get more details on the sub-projects.

Mr. T. Kume, Principal Scientist, TRCRE-JAERI, outlined the joint
proposal from Malaysia and Japan on 'Upgrading of Cellulosic Agro-wastes to
Useful Products' which had been presented to the Working Group Meeting in
Beijing, May 1996 and was to be a part of the new UNDP project (Annex 18).

Mr. Khairul Zaman confirmed that MINT was ready to provide the
facilities for this project.

5, NEW RCA PROJECT

Mr. Machi presented the new RCA Project for 1997/98 (Annex 19)
including projects to be carried over, projects closed, and new projects. He
pointed out, that while the Agency's contribution to RCA was stable, the
extrabudgetary contribution, including funds from UNDP, Japan, Australia and
other Member States was expected to show a 40% increase.

Mr. Machi informed the Meeting that he had received information from
the RCA Co-ordinator that the Permanent Mission of Japan in Vienna had agreed
to the inclusion of the project 'Applied Radiation Chemistry of Polymers' in the
new UNDP project. The reason for this move was based on the administration of
funds from Japan.

The Meeting decided that the proposal on 'Applied Radiation Chemistry of
Polymers' could be included under the sub-heading of 'Cleaner industrial
production' and proposed to include a change in the UNDP PFF under Output
1.4. Success Criteria' to read as follows: 'Established National and Regional
Capability in Applied Radiation Chemistry through training and promoting
activities on industrial applications of Radiation Technology in RCA Member
States' and under 'Activities' to read as follows: 'Training of scientific staff in
relevant radiation technology such as radiation-induced crosslinking, curing,
graft polymerization and degradation.

Mr. Makuuchi presented an overview of the proposal on 'Radiation
Processing of Natural Polymers' and on 'Radiation Vulcanization of Natural
Rubber Latex' (Annex 20). Bangladesh and Philippines confirmed their wish to
participate in both CRPs. Myanmar expressed the wish to participate in the CRP
on RVNRL and confirmed the availability of a gamma-ray facility in Myanmar.

Both proposals were unanimously accepted by the Meeting. All
participating Member States were requested to establish National Research
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Groups in their countries. Details of the programs would be discussed at the
respective Project Formulation Meetings.

The IAEA procedures of CRPs were discussed and the Meeting stressed
the importance of ownership within the RCA Region and expressed the wish that
in special cases where Japanese funds are used, new ways to implement CRPs in
the simplest and most effective way could be found.

Mr. Idriss AH, Bangladesh, presented an overview of the work done on
'Natural Polymers' in Bangladesh.

All National Co-ordinators were requested to fill in the table of
implementation of activity which would be required by Mr. Pham Duy Hien for
preparation of the Terminal Report (Annex 21).

6, COUNTRY REPORTS

The country reports were presented and are attached as Annex 22. In
connection with the country reports, tables on the 'Stage of Development -
Radiation Technology Applications' and on 'Assessment - Radiation Technology
Applications' were completed by the participants and are shown as Annex 23.
The progress of radiation technology in RCA countries is shown in the number
of EB accelerators (Annex 24) and Gamma facilities (Annex 25).

L WORK PLAN FOR 1997-1998

a. Regional Project on Upgrading Agro-Waste

Mr. Kume presented the Work Plan and budget which is included in
Annex 19.

The following countries expressed their interest in participating in the
project: Bangladesh, China, India, Indonesia, Republic of Korea, Malaysia,
Mongolia, Pakistan, Sri Lanka, Thailand and Viet Nam. Myanmar will inform
the Agency after the Meeting and Philippines will not participate in the project
during the first year.

Member States will be informed of the date and place of the 1st Meeting.

In a discussion between the participants the following matters were raised:

i. Mr. Kume was requested to prepare and distribute to Member States a
questionnaire to get more information on the subject and to prepare a more
concrete programme
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ii. Several participants expressed the wish to have this project, or part of
it, turned into a CRP

iii. It was stressed that all participating Member States should have their
input in the first Meeting

iv. It was stressed that in order to meet the success criteria of UNDP, a
pilot scale plant would need to be built

v. The need for questionnaires, followed by a survey in 1997 and a Project
Formulation Meeting was expressed.

vi. After the discussion the work plan of the project on upgrading of
cellulosic agro-wastes was modified and presented by Mr. Kume (Annex 26.)

JL Applied Radiation Chemistry for Polymers

Mr. Makuuchi presented the Work Plan which is included in Annex 27.

The following Member States requested expert services under this project:
Myanmar, Republic of Korea, Sri Lanka, Viet Nam.

c. Radiation Processing of Indigenous Natural Polymers

Mr. Makuuchi presented the Work Plan which is included in Annex 28.

The following Member States expressed the wish to participate in this
project: Bangladesh, China, India, Indonesia, Republic of Korea, Malaysia,
Mongolia, Myanmar, Pakistan, Philippines, Sri Lanka, Thailand, Viet Nam.

It was decided to have the first CRP Meeting at BRIT, Mumbai, India.
The dates of the meeting will be sent to Member States after the Meeting.
Malaysia nominated to host the second CRP Meeting at MINT in 1998.

Malaysia offered to host the second CRP Meeting in 1998.

d. Radiation Vulcanization of Natural Rubber Latex

Mr. Makuuchi presented the Work Plan which is included in Annex 29. A
the first CRP Meeting is planned to be held in Jakarta, Indonesia in 1997 and the
second one in Kottayam, India in 1998. Indonesia presented a Prospectus
together with a programme and a list of lecturers for the Regional Training
Course planned for 1997 (Annex 30).

The participants were asked to fill in tables to show the number of EB
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Accelerators in their countries to identify the Group Leaders for the CRPs and
send them to Mr. Makuuchi by the end of the month.

1L CONCLUSIONS

a. The National Co-ordinators Meeting has reviewed the implementation of all
radiation technology sub-projects:

Radiation treatment of flue gases
Radiation treatment of waste water
Radiation curing
Radiation Vulcanization of Natural Rubber Latex
Radiation crosslinking of wire
Radiation sterilization of medical products
Biomedical application of radiation technology

b. The meeting agreed that radiation sterilization of medical products was the
most successful project within the Region. Almost all RCA Member States
except Mongolia and Myanmar have industrial scale gamma irradiation facilities
either multipurpose or dedicated for sterilization of medical products. The
gamma irradiation facilities are either owned by the government or by private
companies. The number of gamma irradiation facilities in the RCA Member
States is shown in Annex 25.

c. Radiation Vulcanization of Natural Rubber Latex (RVNRL) is an indigenous
technology developed by the RCA Member States. Three RCA Member States,
Indonesia, India, and Malaysia have constructed semi-commercial plants for
RVNRL. So far, the largest plant is in Malaysia and has the capacity to process
6,000 tons RVNRL per annum. Other Member States have reached the pilot
plant scale research using multi-purpose irradiation facilities. There are already
several private companies using RVNRL for industrial applications and for
market acceptability. This project is considered as another example for a
successful project in the Region; in particular, it has been indigenously
developed by the Region. However, further research co-operation will be
necessary to improve the properties of RVNRL products for wider industrial
applications and technology transfer in the RCA Member States.

d. The meeting noted that radiation treatment of flue gases and waste water was
of benefit to the RCA Member States. Some RCA countries, such as China and
Republic of Korea, have started a pilot plant on flue gases and India started a
pilot plant on waste water treatment.

e. The meeting noted that radiation curing and radiation cross-linking were well
established in some RCA Member States such as Australia, Japan, Republic of
Korea, China and Malaysia. UV Curing seemed to be a cheaper alternative
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where the large investment needed for EB machines was not provided. In some
other Member States, radiation curing and cross-linking technology has not yet
been commercialised mainly due to the absence of electron beam facilities. In
some countries, like India, it was at a semi-commercial stage with limited
marketing. The number of electron beam facilities in the Region is shown in
Appendix 24.

f. The meeting noted that in the field of biomedical applications, most RCA
Member States with the exception of Japan and China had the technology still at
laboratory scale.

<L RECOMMENDATIONS

a. The meeting recommended to have the following three projects carried out in
the form of Co-ordinated Research Programs (CRPs):

i. Upgrading of Cellulosic Agro-wastes to Useful Products
(new UNDP/RCA/IAEA project)

ii. Radiation Processing of Indigenous Natural Polymers
(new RCA project)

iii. Radiation Vulcanization of Natural Rubber Latex
(new RCA project)

b. The meeting requested that the IAEA find new ways to implement the CRPs in
the simplest and most effective way.

c. It is recommended that National Research Group should be organized in each
RCA Member State to carry out the CRP. To improve the management of the
CRP, National Research Group Leaders should be established in each RCA
Member State for the planning, evaluation and monitoring of the CRPs.

d. The meeting recommends that implementation of the projects, i.e. natural
polymer treatment and treatment of agricultural waste be started immediately,
without any gestation period. No time should be wasted on preliminaries, since
time available is very short.

e. The meeting recommends that the present National Co-ordinator System that
co-ordinates and monitors the implementation of the activities of the Radiation
Technology sub-projects be continued in the new UNDP/RCA/IAEA Project and
new RCA Projects. The new Radiation Technology will include the following 5
sub-projects:

new UNDP/RCA/IAEA Project
i. Applied Radiation Chemistry for Polymers
ii. Upgrading of Cellulosic Agro-Wastes to Useful Products

14



iii. Radiation
iation Processing for Recycling of Plast.c Wastes

A A *w TRrRE-JAERI should act as a 'Mother
f The Meeting recommended that TRCKb JA^KI

Organization' for the above projects.

The minutes of the meeting were approved by all participants.

10_ CLOSING

their assistance.
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Annex 2

OPENING SPEECH

FOR

THE RAS/8/073

4TH MEETING OF RADIATION TECHNOLOGY

S. Sato, Executive Director, JAERI

It is my great honour and pleasure to welcome you on behalf of

the Japan Atomic Energy Research Institute to this Fourth Meeting

of National Co-ordinators for Radiation Technology here at the

Takasaki Radiation Chemistry Research Establishment.

It is really remarkable that this RCA Project has yielded so many

valuable technical achievements. Especially the start of a pilot

plant for radiation vulcanization of latex in Malaysia and the

flue gas treatment plant by electron beam in China are most

prominent.

It is recognized that this Meeting is the last one for the

Industrial Project of UNDP which will be concluded at the end of

this year. It is very important for this Meeting to summarize the

project and discuss the future. Judging from the achievements

until now, I expect further fruitful outcomes in the subseguent

developments.

During this third phase of the UNDP/RCA Project our Institute has

co-operated in related activities in various ways. We held 2

EAGMs and 2 NCMs as well as 11 Regional Training Courses and

Workshops in which 156 participants were accepted in total. We

sent 55 experts related to the project and received 99

scientists, including some cases where funds were supported

partially by the STA Scientists Exchange Program or by our

Institute.

With regard to the new UNDP/RCA/IAEA Project, upgrading of agro-

wastes is considered and radiation processing of polymers is

considered for the new RCA Project. After so many years of RCA
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activities within the Region, considerable research potential has

been accumulated concerning these subjects. Our Institute will

co-operate further with the projects in the new state. I believe

this will be in accord with the basic principle of IAEA towards

increased self-support and self-reliance within the Region.

I wish you an enjoyable stay here amongst the beautiful mountain

views of Takasaki.

Thank you for your attention.
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Annex 3

Opening Speech

for

the RAS/8/073
4th Meeting of Radiation Technology

Sueo Machi, DDG, IAEA

First of all I would like to welcome you all to the fourth meeting of the

project of radiation technology, which is an important programme of

UNDP/IAEA/RE project on "The Use of Isotopes and Radiation to

Strengthen Technology and Support Environmentally Sustainable

Development".

Promotion of peaceful uses of atomic energy and safeguard for non-

proliferation of nuclear weapon are the major roles of the IAEA. Among

the application of nuclear technology, radiation and isotope application in

the fields of industry, agriculture and food, human health and

environmental protection benefit significantly people of the member

States.

The IAEA has been actively engaged in transfer of nuclear technologies

to developing countries. Technical Cooperation Programme and

Research Contract Programme are major mechanisms for this purpose.

RCA is the most successful regional cooperative agreement which was

established 24 years ago among member States in Asia and Pacific

region. The UNDP industrial project was initiated under RCA in 1980



when I was RCA Coordinator and Dr. Fowler was the first UNDP Project

Coordinator who made a great contribution to the project.

The purpose of this meeting is to review the implementation and

achievement of the UNDP/IAEA/RCA Project on "The Use of Isotopes

and Radiation to Strengthen Technology and Support Environmentally

Sustainable Development", which is the 3rd phase of UNDP/IAEA/RCA

Project from 1994 to 1996, to prepare so called terminal report.

Further and even more importantly activities of the new UNDP/IAEA/RCA

Project on "Better Management of Environment, Natural Resources and

Industrial Growth through Isotope and Radiation Technology" will be

discussed at this meeting.

I am very pleased to inform you that the UNDP offered financial support

of total US $3 million for 5 years from 1997 to the project at the meeting in

Bangkok last October. In this connection, I would appreciate on behalf

of the IAEA, RCA member States expressed strong intention to support

the project to UNDP New York.

I am also happy to inform you that the IAEA Board of Gov. Meeting last

week has approved the Technical Cooperation Programme and Budget

for 1997-1998 including RCA's Programme.

Before closing my speech I would appreciate the Government of Japan

and JAERI in particular Takasaki RCRE for their hosting the meeting here

in Japan.

I thank you very much.



PROCEDURE FOR TERMINATION OF CURRENT UNDP PROJECT
Annex 4

Country Reports (4 countries did not submit yet)

\r

Achievements (TO's assessment)

1st Version of Draft Terminal Report

(J3O September)

Introduction
Problems
Outputs and problems encountered
Achievements Q/lid-NovT)
Findings
Recommendations
Ref.
Annex

NDT
2-6 Dec 1996
Mumbai

Rad. Tech
11-16 Dec 1996
Takasaki

Working Party - finalizing Draft

2nd Version of Draft Terminal Report

T
RCA Office

Technical Officers
Task Force

I
Tracer NCS
22-26 April 1996
Mumbai

NAT
2-6 Sept 1996
Beijing

/ Gangadhran (Ind),Kahn(Pakis)
^8 -20 Dec. JakartaV Carlito(Phil), Wandowo(Indonesia)

I Gilmour(Austr), Hien(Jakarta)
I Ooka(Jpn) i

(J9-31 Dec. - Mr. Hien) UNDP

( i January")

Evaluation Section
Member States Febr.)Printing—?» UNDP

March 1997
Tripartite Meeting
Myanmar
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POLICY ON TECHNICAL COOPERATION
PROJECT

% More focus on fewer and better projects

% More pre-prqject activities to ensure success of projects

* Priority on human resource development and capacity
building

% More Model Projects: 36 new projects in 1997

i Priority sectors are food and agriculture, human health and
radiation safety

INTERNATIONAL ATOMIC ENERGY
AGENCY

DEPARTMENT
Of RESEARCH AND ISOTOPES



IAEA MODEL PROJECT FOR
TECHNICAL COOPERATION

BasicFeatures

Respond to a real need of the country

Significant economic or social impact for the end users

Nuclear technology is competitive or has distinct
advantages over others

Govemment commitment and infrastructure
conducive to project success and sustainability

NIBtNATIONAL ATOMIC B B W Y
AQBiCY



RADIATION TECHNOLOGY FOR
ENVIRONMENTAL PROTECTION

V

Cleaning of Flue gases from coal burning
power stations: Japan, Poland, Germany,
China, Brazil, Rep. Of Korea, Bulgaria.

Treatment of off-gases to remove toxic
compounds: Germany, Japan, Brazil, USA.

Cleaning waters and industrial waste
water: USA, Brazil, Russia Federation,

Disinfection of hospital wastes.
W7ERNAT10NAL ATOMIC ENERGY

AGENCY
DEPARTMENT

, OF RESEARCH AND tSOTOPES



Annex 8

FIGURE 6

DISBURSEMENTS BY PROGRAMME: 1994
(in millions of dollars)

14 -

12 -

JSBA Experts m Equipment ^ | Training

3 C D E F G H I

A - Nuclear Power
B > Nuclear Fuel Cycle
C « Radioactive Waste Management
D - Food and Agriculture
E - Human Health
F « Industry and Earth Sciences
G - Physical and Chemical Sciences
H - Radiation Protection
I - Safety of Nudear Instalations
J - Safeguards
S - Direction and Support
X - Comparative Assessment
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Annex 9

UNDP/RCA/IAEA REGIONAL PROJECT FOR ASIAN AND THE PACIFIC
The Fourth Meeting of National Coordinators

for Radiation Technology

11-16 December 1996, Takasaki, Japan

AGENDA

Wednesday. 11 December

10:00 1. Opening Session
- Welcome address

JAERI
JPN Government, Science and Technology

Agency
JPN Government, Ministry of Foreign Affairs
IAEA

- Objectives of the meeting
- Adoption of Agenda
- Introduction of participants
- Election of Chairman

2. Technology Transfer through RCA
- Overview of the UNDP /RCA /IAEA Program and
Outline of Terminal Report

Discussion

3. Overview of the Technology Progress in the Region
- Flue gases treatment
- Liquid waste and municipal sludge treatment
- EB Curing
-RVNRL
- Crosslinking
- Industrial sterilization
- Biomedical application

Discussion

Thursday. 12 December

09:30 4. New UNDP/IAEA/RCA Program (IAEA)
Upgrading Agro-Waste
Discussion



5. New RCA Project (IAEA)

Radiation Processing of Polymers

Discussion

6. Country Report (in alphabetical order)
- Australia
- Bangladesh
- China, People's Republic of
- India
- Indonesia
- Japan
- Korea, Republic of
- Malaysia
- Mongolia
- Myanmar
- Pakistan
- Philippines
- Sri Lanka
- Thailand

- Vietnam

Discussion

Friday. 13 December

09:30 7. Work plan for 1997 - 1998
New UNDP/RCA/IAEA Project
- Upgrading Agro-Waste
- Applied Radiation Chemistry for Polymers
New RCA Project
- Radiation Processing of Indigenous Natural

Polymers
-RVNRL

Monday. 16 December

09:30 8. General discussion

9. Conclusion and recommendation

10. Adjournment



Annex 10

1

^REGONAL JOINT UNDP/RCA/IAEA PROJECT RAS/92/073 AND

PROBLEMS OF TECHNOLOGY TRANSFER

Pham D. Hen, Project CIO

DESCRIPTION OF RAS/92/073

Background

The RCA regional co-operation in the transfer of isotope and radiation technology to
support industrial growth started with the UNDP-funded Industrial Project RAS/79/061
(1982-1986) which was extended in the second phase as RAS/86/073 (1987-1991). These
two regional projects had resulted in establishing the manpower base with core groups of
experts formed at National Nuclear Research Institutes (NNRI) to assist industries in the
following fields:

* Nucleonic control system (NCS);
* Tracer technology (TT);
* Non-destructive testing (NDT) and;
* Radiation technology (RadTech)

RAS/79/061 and RAS/86/073 were also succesful in raising the awareness among regional
industrialists on the potential for isotope and radiation technologies to increase
productivity and product quality as well as reducing raw material inputs and energy
requirements. Industry investments amounting to many millions of US Dollars were made
by the governments and private sectors in the region in the above technologies.

In 1991, upon the termination of RAS/86/073, a new project proposal was submitted to
UNDP entitled: "The Use of Isotopes aid Radiation to Strengthen Technology and
Support Enviivnmentally Sustainable Development". The proposal was formally approved
by UNDP in May 1993 for inclusion in the Fillh Intercountry Programming Cycle, ICP-5
(1992-1996). The project, coded RAS/92/073, is co-financed by IAEA and~RCA Member
States with Japan and Australia being major donor countries.

Following the directives of ICP-5, RAS/92/073, while pursuing technology development
objectives as of the previous projects, has a new focus on using isotopes and radiation
to solving environmental problems, which have become critical in most of RCA
developing countries as a consequence of uncontrolled industrial development as well as
high population pressure. The technology profile of the previous industrial projects was
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slightly expanded including a new component - Nuclear Analytical Techniques (NAT).
But besides traditional partners in industry, RAS/92/073 intends to involve counterparts
in environmental sectors offering them new environmental technologies, such as treatment
of flue gases, waste water, sludges etc. using gamma an EB irradiation, tracer technology
for the study of dispersion of effluents in water and NAT applied in environmental
research and monitoring.

Objectives and outputs of RAS/92/073

1. Although the Nuclear Research Institutes in RCA Member States have had, to varying
degrees, some capability in isotope and radiation technology as part of their national
nuclear programmes supported by IAEA/TC and UNDP/RCA projects, it was perceived,
however, that further efforts are required to upgrade the infrastructures, particularly the
skilled manpower, that can be properly responsive to not only acquiring new technologies
but also sustaining their exploitation as a service function or a commercial reality.

It was also perceived that inadequate awareness of the safety and benefits of nuclear
technology among non-nuclear technical personnel and decision makers in industry and
environmental agencies remained a major obstacle to the movement of isotope and
radiation technology into end users in RCA countries. It was happening quite often that
even if the decision makers were made aware of the successful use of the technology
elsewhere in developed countries, they may still be doubtful of the indigenous capability
to ensure the success of technology transfer in terms of radiological safety, product
quality and cost benefit. Regulatory aspects were absent or unadequate in industrial
applications of isotopes and radiation.

To address the above situation, RAS/92/073 sets out its (immediate) objectives as
following:

Objective I Upginding the capabilities of key personnel in science and industry on the
technology and techniques using isotopes and radiation suitable for
addressing problems of environmentally sustainable development.

The technologies involved are:

1.1 Nucleonic control systems, nuclear gauges and similar devices applied in industry;
1.2 Isotope techniques in process optimization;
1.3 Tracer technology for studying the dispersion of effluents in water;
1.4 Nuclear analytical techniques for environmental sudies;
1.5 NDE technology for metallic as well as non-metallic construction materials;
1.6 Radiation technology for the treatment of flue gases, sewage sludge and municipal

waste water and;
1.7 Advanced applications of radiation technology of importance to regional industries.
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As project outputs, it was sought that for each technology at least one key scientist (or
engineer) from each participating Member State be trained and key industrialists in the
country be informed on its econo-technical aspects.

2. Preparation for National Governments of recommendations on specific industrial
applications utilizing isotopes and radiation technology which will be harmonized
on regional basis and also with international standards where possible.

RAS/92/073 has been aiming at promoting the adoption of regulator}' provisions and
standards in the following fields :

2.1 Industrial sterilization of medical products and devices;
2.2 Regional Model Qualifying Examinations Proficiency Testing Programmes and the

regional production of standard test pieces;
2.3 Operation of radiation facilities.

Besides, under output (1.4) for NAT, training has been provided to promote the
application of ISO-25 and other international QA/QC standards in laboratories employing
nuclear and complementary techniques for environmental analyses.

Technology transfer modalities

Under RAS/92/073 the following technology transfer modalities are being used:

* Through regional training activities (RTC, RW, RS), in depth training is provided
to scientists (engineers) who were nominated/selected from national nuclear research
institutes (NNRI) as well as from related agencies/sectors.

* The trained scientist is responsible for disseminating the new technology and
engaged in the promotion and adaptation of the technology in his/her country. National
seminars are organised for technology promotion and for creating awareness of
technology's benefits among technical personnel and decision makers in related agencies
and potential end users. On request, expert assistance is provided for lecturing national
seminars, demonstrations, and hands on training.

* Fellowship training in advanced centres abroad is also arranged.

* Co-ordinated research meeting (CRM), expert group meeting (EGM), symposium
etc. on advanced topics are arranged to provide opportunities for scientists to exchange
experiences and findings resulted from their R&D activities. Intellectual products (e. g.
computer softwares, technical documents, manuals) resulted from the co-operation of
regional experts are to be distributed for use to all RCA countries.
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Success criteria

The success criteria for the two above (immediate) objectives are as follows:

For objective 1: The establishment of an indigenous capacity to sustain and
develop the acquired technology and technique.

For objective 2: The adoption of the recommendations by the responsive
Government Agency.

Keeping in mind the complexity of the technologies under RAS/92/073 we can realise that
how tough is the responsibility of national counterparts in ensuring the success of the
Project. It is normally a long route from getting a scientist trained in the technology
(however senior he is) to the last stage of technology transfer when the technology is
sustainably and benefcially exploited in the country.

Budget

Information on budget contributions is shown in Fig. 1. Some data presented below give
an idea of how the (UNDP) budget is distributed over different project activity areas.

Disbunsements of UNDP budget (1993-1996)

1

2

3

4

5

6

7

8

Co-ordination, review meetings

Long-term & short-term consultants

Official & mission travel

Subcontracts

Regional training

Fellowship

Equipment

Miscellaneous

Total UNDP contribution

648,017 US$

888,106

117,416

130,000

662,619

60,000

163,887

20,485

2,690,530

24.1%

33%

4.3%

4.8%

24.6%

2.2%

6.1%

0.76%

100%

to



OUTCOME AND IMPACT OF THE NAT SUB-PROJECT

All participants agreed that the NAT sub-project has been highly successful and beneficial,
and that, in almost all respects, it has fully met, or even exceeded, the objectives originally
foreseen for it.

The most important impacts of the NAT sub-project are that it has led to the following co-
ordinated activities in each of the participating Member States:

introduction of the use of harmonized protocols for the sampling and analysis of selected
high priority environmental matrices

agreement to implement laboratory quality management systems modelled on the
requirements of ISO 25 and ISO 9000, including specific actions to initiate such
implementation

development by each national co-ordinator of a national network of counterpart laboratories
engaged in environmental measurements, including joint activities with them in the area of
analytical quality control

establishment of facilities and programmes for the collection and analysis of airborne
paniculate matter at urban and rural sites in all participating Member States; these activities
are already generating data which, for the first time ever in these Member States - and also
on a regional basis - are providing comparative data on absolute and relative levels of air
pollution in the particle size ranges that have a direct impact on human health

provision of documented data on the analytical capabilities and performance of the
participating environmental measurement laboratories based on the results of internationally
organized intercomparisons and using harmonized protocols for proficiency testing.



Activities in 1996

1. Group fellowship training in air pollution monitoring and research using NAA
for eight participants at the University of Illinois, USA, from 22 February - 21
June 1996. Participating countries are: Bangladesh, China, Indonesia,
Malaysia, Pakistan, Thailand and Vietnam.

2. Regional Training Workshop on Application of ISO-25 and Other International
QA/QC Standards in Laboratories Employing Nuclear and Complementary
Techniques for Environmental Analyses, Taejon, Republic of Korea, 24 June
to 5 July 1996.

3. Third National Co-ordinators1 Meeting combined with the Second RCM for the
Regional (RCA) CRP on "Applied Research on Air Pollution Using Nuclear
Related Analytical Techniques in the Asia and Pacific Region", Beijing, China
2-6 September 1996.

4. Expert Advisory Group Meeting on "Application of Chemometric and
Advanced Statistical Techniques in the Evaluation of Data Produced by the
NAT Sub-project and Similar Environmental Monitoring and Research
Programmes" in Hyderabad, India, 4-9 November 1996 (in combination with
the IAEA International Symposium on "Harmonization of Health-Related
Environmental Measurements Using Nuclear and Isotopic Techniques" in
Hyderabad, India, 4-7 November 1996).

5. Intercomparison exercises on minor and trace elements in sediments.

6. Expert advisory missions to Indonesia, Myanmar, Pakistan, Sri Lanka,
Thailand and Vietnam on implementation of improved QA/QC procedures for
environmental analyses using nuclear analytical techniques.
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DRAFT SUMMARY REPORT OF THE MEETING

1. INTRODUCTION

This Third National Co-ordinators' Meeting for the Joint UNDP/RCA/IAEA Sub-Project
on Nuclear Analytical Techniques was held in Beijing, China from 2-6 September 1996. It took
place partly in the Minzu Hotel and partly at the China Institute of Atomic Energy (CIAE). In
view of the fact that one of the Sub-Project activities is a Regional (RCA) Co-ordinated Research
Programme (CRP) on Applied Research on Air Pollution Using Nuclear Related Analytical
Techniques in the Asia and Pacific Region, the meeting also served as the Second Research
Co-ordination Meeting for this CRP. The list of participants is given in annex 1 and the Agenda
in annex 2.

Prof. Fan Mirigwu, President of CIAE, opened the meeting on behalf of the host institute and
welcomed all participants to China. Other addresses were delivered by Prof. Zhu Jiang, RCA and
UNDP National Co-ordinator, Prof. Tian Weizhi, NAT Sub-Project National Co-ordinator, and
by Dr. R.M. Parr on behalf of thVlAEA.

During the first technical session, the status of the UNDP project as a whole, and of the NAT
Sub-Project in particular, was reviewed by the Project Chief Technical Officer, Prof Pham Duy
Hien, the NAT Sub-Project Technical Officer, Dr. R.M. Parr, and the CRP Technical Officer, Dr.
B. Smodis. Information on the progress and achievements of the sub-project in individual
member states was presented in each country's report (annexes \ to \). Additional information on
the distribution of air samplers, and on matters relating to the evaluation of the data, was
presented by the Central Data Co-ordinator, Dr. Hopke (annex \) The results of the NAT-1 and
NAT-2 intercomparison exercises were summarized by Dr. Smodis (annex \).

The following report summarizes the participants' conclusions concerning the outcome and impact
of the Sub-Project, and on work still to be done - both within the Sub-Project up to the end of
this year, and in the framework of other follow-up activities that will continue beyond the end of
this year

2. OUTCOME AND IMPACT OF THE NAT SUB-PROJECT

All participants agreed that the NAT sub-project has been highly successful and beneficial,
and that, in almost all respects, it has fully met, or even exceeded, the objectives originally
foreseen for it

The most important impacts of the NAT sub-project are that it has led to the following co-
ordinated activities in each of the participating Member States:

introduction of the use of harmonized protocols for the sampling and analysis of selected
high priority environmental matrices

agreement to implement laboratory quality management systems modelled on the
requirements of ISO 25 and ISO 9000, including specific actions to initiate such
implementation

development by each national co-ordinator of a national network of counterpart laboratories
engaged in environmental measurements, including joint activities with them in the area of
analytical quality control
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establishment of facilities and programmes for the collection and analysis of airborne
particulate matter at urban and rural sites in all participating Member States; these activities
are already generating data which, for the first time ever in these Member States - and also
on a regional basis - are providing comparative data on absolute and relative levels of air
pollution in the particle size ranges that have a direct impact on human health

provision of documented data on the analytical capabilities and performance of the
participating environmental measurement laboratories based on the results of internationally
organized intercomparisons and using harmonized protocols for proficiency testing.

Further information on the implementation and impact of the sub-project is given in the country
reports reproduced in annexes \ to Y

More detailed information of this kind will be compiled by the RAS/92/073 Project Chief
Technical Officer, Dr. Hien, in a report that will be prepared for submission to UNDP at the end
of this year, and subsequently to Tripartite Review Meeting in March 1997. *To this end,
additional input information is requested as soon as possible from the NAT sub-project national
co-ordinators of the following countries: India, Mongolia, Myanmar, Philippines and Singapore.

3. NAT INTERCOMPARISONS

An overview of the NAT-1 and NAT-2 intercomparisons was presented by the Agency's
technical officer (annex \).

The procedure proposed by the Agency for the calculation of z-scores was endorsed by the
participants. It was further decided that:

the results of these proficiency tests should be passed on to the responsible analysts and any
necessary corrective actions should be discussed and agreed with them
a re-evaluation of the data should be made by the Agency following correction of any
obvious errors
the re-evaluated data should be made available as background information in connection
with any relevant TC expert missions related to the sub-project.

It was noted, in general, that the levels of performance achieved in these proficiency tests were
broadly similar to, or even better than, what has been observed in other similar kinds of
proficiency tests conducted in other regions of the world. Only a minority of the analysts and/or
analyses failed to meet acceptable levels of analytical performance.

4. EXPERT TC MISSIONS IN QA/QC

Some information on this topic was given by the Agency's technical officer. It was agreed
that the first half of October would be the best timing for the NAA missions to Indonesia,
Pakistan, Thailand and Vietnam, and that the second half of October would be the best timing for
the XRF missions to Mongolia, Myanmar, and Sri Lanka. Dr. Santos requested that the
Philippines be included in the XRF missions, and the Agency's technical officer agreed to look into
this possibility.
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5. ADDITIONAL END-OF-PROJECT PURCHASES TO BE EFFECTED IN
SUPPORT OF THE NAT SUB-PROJECT

It was agreed that the highest priority should be given to the purchase of appropriate
software for statistical analysis (because this will facilitate the assessment of the impact of the
project since information on sources and apportionment of pollution can thereby be derived from
the analytical data). The recommended software is StatGraphics version 2.0 for Windows 3.11
comprising the basic module, together with additional blocks for advanced regression analysis,
multivariate analysis and (subject to availability of funds) time series.

6. DECISIONS AND RECOMMENDATIONS PERTAINING TO THE CRP

Sampling locations f

Participants were reminded of the guidelines taken over from the global CRP regarding the
placement of samplers, particularly that, during the first phase of the CRP, (1) they should be in
an urban residential area, and (2) that the height of the sampler above ground level should be in
the range 1 6m to first storey level. Close proximity to busy main roads should be avoided. If
possible, a site should be chosen that is relatively close to a meteorological station so as to
facilitate the provision of meteorological data (see below). A summary of sampling done to date
is given in Table 1.

Filters

The Agency will explore the feasibility of placing a bulk order for new nuclepore filters
(coarse and fine). An attempt will be made to identify batches with low blank levels (particularly
of bromine).

Participants are requested to report their blank values to Dr. Hopke (both for already-completed
analyses and for future analyses) to enable him to compile composite data on filter blanks from
different batches. Field blanks should always be investigated whenever starting to use a new box
of filters.

In case of problems with clogging of the fine filters in sampling locations with high relative
humidity, participants may consider the option of replacing the fine filter (but not the coarse one)
with a an alternative filter such as Milipore. (In this case, however, special care is needed to
ensure that the filter has been properly equilibrated in an environment with relative humidity in
the 40-60% range before weighing.) Another alternative would be to use Teflon fine filters. Dr.
Hopke will make a technical evaluation of this option, and report his findings later.

Participants were again reminded of the need for an isotopic source (e.g. polonium-210) to
neutralize static electricity before weighing the filters.

The "Gent" samplers

Several participants reported on problems with the use of the timer on the Gent samplers
provided by Dr. Hopke. He has requested more technical details of the nature of this problem,
and will advise later on what to do about it.
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In the global CRP (but not yet in the regional one) some participants have also experienced failure
of the pumps. This problem can arise due simply to wearing out of the membrane; however, the
latter can be replaced relatively easily and cheaply.

Several participants have access to other kinds of air sampler (cyclones, dichotomous samplers,
cascade impactors, etc.). The use of such samplers is encouraged, since they can provide
additional useful data (e.g. for purposes of quality control) if run in parallel at the same site.

Additional analytes

Participants were recommended to include elemental carbon among the analytes to be
determined, the Agency will provide information on a suitable instrument for doing these
measurements, and will also - with the assistance of Dr. Hopke - explore the possibility of
providing suitable calibration standards.

"\
The list of "recommended" elements to be determined in all samples remains unchanged, i.e. as
many as possible of the following: Al, A, Br, Cd, Ce, Cl, Fe, K, La, Mg, Mn, Na, Ni, Pb, S, Sb,
Sc, Se, Sm, V and Zn. The use of two or more alternative analytical techniques is recQmmended
as an additional QC aid.

Quality assurance

All participants have agreed, in principle, to implement a quality management system in their
analytical programmes modelled on the requirements of ISO 25 and ISO 9000.

For analytical quality control, the Agency expects soon to be able to provide participants with
intercomparison air filter samples similar to the "real" samples that are being collected in the Gent
samplers. Deadlines will be set so that all the data can be evaluated before the next RCM.

For cross checking of some of the analytical results, Dr. Cohen is willing to accept for analysis
2-3 pairs of filters (coarse and fine) from each participant. (In cases where participants are using
destructive or partially destructive analytical methods, they should send their samples to Dr.
Cohen before doing their own analyses) Samples may be mailed to him in padded envelopes (in
plastic petri slide dishes). Each sample should be appropriately labelled and accompanied by a
photocopy of the corresponding log sheet.

Data reporting to the central data co-ordinator (Dr. Hopkê )

Participants were strongly recommended to record and report their analytical data in the
already-agreed spreadsheet format. In addition to analytical data, it is also recommended to
record and report (1) meteorological data (e.g. 24h averages of wind direction, wind speed, SD
of wind direction, relative humidity and temperature; maximum and minimum temperature and
humidity; total precipitation; fraction of sampling interval when precipitating), and (2) comments
(e.g. on unusual events).

Data should be reported to the central data co-ordinator (Dr. Hopke), preferably by e-mail (as
attachments).



Data evaluation and interpretation

Participants were recommended to evaluate their data by the validation and QA procedures
outlined in Dr. Hopke's working paper (annex \) before reporting them to the central data co-
ordinator.

Participants were further recommended to evaluate and interpret their data by appropriate
statistical and chemometric procedures. (Further advice and training on how to do this will be
provided in due course by the Agency.) In this connection, participants strongly recommended
the Agency's technical officers to seek ways to implement the training workshop on this topic that
has been proposed to be held in 1997. This should be done independently of whether or not the
new UNDP project is approved.

Next RCM /
"\ ..

The next RCM is due to be held somewhere within the region during the first half of 1998.
Suggestions would be welcomed by the Agency's technical officers - possibly but not necessarily
in association with some other relevant meeting in the region.

Other matters relating to the NAT Sub-project

Dr. Hopke can provide some B-gauges for measuring filter loadings at a price of $3,500 to
$4,000. (However, the Agency expects to be able to supply them cost-free to China, Mongolia,
Myanmar and Singapore) Dr. Hopke can also provide additional "Gent" SFU units at a price of
about $2,250 plus transportation. Those participants who are interested are urged to place their
order as soon as possible.

To facilitate the rapid exchange of information among participants in the CRP (and also the
corresponding global CRP), Dr. Vickridge will organize an electronic e-mail list server. (For
those participants who currently do not have access to e-mail, the Agency will arrange for a
similar service to be provided by fax.)

Participants were reminded of the other decisions taken at the first RCM (Singapore, July 1996),
which are summarized in annex V

7. OTHER MATTERS

Participants strongly endorsed the technical content of the draft proposal for an extension
of the present UNDP/RC A/IAEA Project. However, it was agreed that the topic of the proposed
Expert Advisory Group Meeting in the first year should be changed from "environmental
biomonitoring" to "techniques for sampling of airborne particulate matter in the vicinity of heavily
polluting industries".

Following a discussion of various options for starting new CRPs in the area of health-related
environmental research, it was agreed that the highest priority should be given to starting a new
CRP in 1996 on workplace monitoring and occupational health studies using nuclear and related
analytical techniques
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TRACER TECHNOLOGY AND
NUCLEONIC CONTROL SYSTEMS

IN RCA MEMBER STATES
RAS/92/073 ( 1993 - 1996 )

I. The situation of TT&NCS in RCA Member States.

RCA has been highly successful in creating skilled human resources
within National Nuclear Research Institutions (NNRIs). Within several
NNRIs a sustainable, critical mass of trained personnel has evolved in some
specific techniques. These units are already capable of acting as Lead
Agencies (or Regional Resource Centers or Units) by providing a regional
resource for training, TCDC and local field management of the project.

In almost all RCA Member States were established the National
Tracer and Gauging Groups with an indigenous capacity to sustain and
develop the acquired Tracer Technology (TT) and Nucleonic Control
Systems (NCS).

Australia, Japan, New Zealand, China, India, Malaysia, Indonesia,
Korea, Thailand, Pakistan, Philippines and VietNam have adequate
expertise and facilities to undertake the tracer work and to enlarge the
tracer activity in industrial and environmental applications.

The following countries can be considered as Regional Resource Centres or Units
to provide expertise within the RCA Region is various subjects:
-Thailand : on column scanning expertise;
-Korea : on flow modelling and RTD tracer analysis;
-Malaysia, Indonesia and Vietnam : on sediment transport and coastal engineering
studies as well as on hydrology and hydrogeology;
- China : on tracers in oil field production and low cost nuclear gauges.
-India can play service function on all aspects of TT&NCS applications in industry as
well as in hydrology and sedimentology.

The high level of expertise especially for commercial routine applications exists
in all fields of TT&NCS in Australia. In Japan the NCS are used in large scale in
industry. A good expertise exists also in New Zealand, especially for several issues of
NCS and TT.



II. RAS/8/071 - Major achievements and activities

Nucleonic Control Systems (NCS)

1. REMS and RW on the application of nucleonic control systems to coal
processing operations, Mae Moh, Thailand.

2. RW training on the application of NCS to paper processing operations,
held in Shanghai, China PR.

Tracer Technology (TT)

- Hydrology: The Regional Workshop on the use of tracer technology to
study dispersion of effluent in groundwater was conducted in Jakarta, as
the implementation of the outputs foreseen in the project document.

- Industry:
1. Expert Group Meeting (EGM) on physical model demonstration tests for
flow analysis with tracers, held in Taejon, Korea, April and June 1996.
The EGM has evaluated the NTG activities and has finalized the basic
tracer methodology, including the experiment design, the interactive check
list for tracer experiments and database on the available literature covering
flow studies.

IAEA TECDOC on RTD programs for process analysis, produced as
the result of several meeting and training event was approved for
publication and is already in printing process.

2. Several field demonstration were executed through expert services on:
-tracers in petrochemical industry (Thailand, SriLanka),
-tracers in mineral processing ( Indonesia, Pakistan)
-tracers in coastal engineering ( VietNam, Thailand, Myanmar)
-implementation of column scanning ( Bangladesh, Myanmar, Sri Lanka)
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III. FUTURE ACTIVITIES

The future activities aim to maximize the effective transfer of
technology and to undertake massive exploitation of radioisotope
techniques as a service function. Another step towards the industrial
development through nuclear application in harmony and partnership
between the nuclear and nonnuclear institutions should be undertaken.

Long term objectives.
-To support sustainable and safe growth of industrial development

through the self-sufficient exploitation of Tracer Technology and Nucleonic
Control Systems, as a service function, improving the technology, increasing
the efficacity, saving energy and materials, reducing the waste and
environmental pollution, managing better the natural resources in harmony
and full working partnership between nuclear institutions and end users.

-To provide the Regional Resource Centers for training, TCDC, on-
the-job training, local field management of model problem-solving oriented
projects through regional and national training, demonstrations, expert
missions, fellowships and equipment provision.

Immediate objectives.
1.Maximization of the Tracer Technology transfer to end users, to

implement and sustain the commercial routine application of radiotracers
for problem solving of technology in priority industrial sectors: in
petrochemical and chemical industry, in mineral ore processing industry, in
cement, ceramic and related industries, etc, increasing the productivity and
reducing the environmental impact.

2. The transfer of NCS technology to developing countries, supporting
the manufacturing and routine application of simple nuclear gauges for
small and medium size industries.

There will be conducted three Regional Workshops in the following subjects:

1. RW on Nuclear Methods in Monitoring Wear and Corrosion in Industry
7-14 April 1997, New Zealand
2. RW on Tracer Technology in Oil Field Studies for Secondary and Tertiary
Recoveries. September 1997, China PR
3. RW on Tomography and Neutron Gauge Applications
December 1997, Australia

A manual or handbook on the status and trends of nuclear control systems
applications in industry with a directory of suppliers and end users will be
produced soon, to help new gauging groups in RCA Member States to design and
manufacture the simple and low cost nuclear gauges for industrial processing.

- 1 / f -
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TRACER TECHNOLOGY AND NUCLEONIC CONTROL SYSTEMS
IN RCA MEMBER STATES

RAS/92/073 ( 1993 - 1996 )

The situation of TT&NCS in RCA Member States.

RCA has been highly successful in creating skilled human resources within National
Nuclear Research Institutions (NNRIs). Within several NNRIs a sustainable, critical mass of
trained personnel has evolved in some specific techniques. These units are already capable
of acting as Lead Agencies (or Regional Resource Centers or Units) by providing a regional
resource for training, TCDC and. local field management of the project.

In almost all RCA Member States were established the National Tracer and Gauging
Groups with an indigenous capacity to sustain and develop the acquired Tracer Technology
(TT) and Nucleonic Control Systems (NCS).

Australia, Japan, New Zealand, China, India, Malaysia, Indonesia, Korea , Thailand,
Pakistan, Philipines and VietNam have adequate expertise and facilities to undertake the tracer
work and to enlarge the tracer activity in industrial and environmental applications.

The following countries can be considered as Regional Resource Centres or Units to
provide expertise within the RCA Region is various subjects:
-Thailand : on column scanning expertise;
-Korea : on flow modelling and RTD analysis;
-Malaysia, Indonesia and Vietnam : on sediment transport and coastal engineering studies as
well as on hydrology and hydrogeology;
- China : on tracers in oil field production and low cost nuclear gauges.
-India can play service function on all aspects of TT&NCS applications in industry as well
as in hydrology and sedimentology.

The high level of expertise especially for commercial routine applications exists in all
fields of TT&NCS in Australia. In Japan the NCS are used in large scale in industry. A good
expertise exists also in New Zealand, especially for several issues of NCS and TT.

IMPACT

While exact assessment cannot be made without a separate and extensive study, it can
be safely concluded that implementation of the subprojects has had effect on national
programmes, has supported the manpower development and transfer of technology to end
users. Especially, the implementation of the subprojects enabled many scientists from RCA
developing countries to interact and benefit from more advanced research centers and groups
within the Region through the networking and TCDC.

Typical examples of success criteria are several Regional Resource Units created in
RCA developing countries in many subjects. The economic impact of the tracer and gauging
applications in many countries is considerable. The routine applications are largely undertaken
for column scanning, for flowmeter calibration, for troubleshooting detection, for leakage
identification, for process diagnosis.



CONSTRAINTS

A major obstacle to technology transfer to end users continues to be the lack of
understanding and awareness of the safety and benefits from industrial applications of
radiation and radioisotopes by persons outside the nuclear scientific community, not only the
public but the government and industry management as well. Industry tends to replace the
nuclear methods with other conventional methods if possible. Experience shows, however, that
often there is no alternative to nuclear techniques. The public and end user's acceptance
should be concern of the NNRI. The IAEA continues to support and encourage the developing
Member States efforts through setting up multi-media packages of training programmes to
create awareness on safety and on benefits of industrial applications of radiation and
radioisotopes.

FUTURE ACTIVITIES

The future activities aim to maximize the effective transfer of technology and to
undertake massive exploitation of radioisotope techniques as a service function. Another step
towards the industrial development through nuclear application in harmony and partnership
between the nuclear and nonnuclear institutions should be undertaken.

Long term objectives.
-To support sustainable and safe growth of industrial development through the self-

sufficient exploitation of Tracer Technology and Nucleonic Control Systems, as a service
function, inproving the technology, increasing the efficacity, saving energy and materials,
reducing the waste and environmental pollution, managing better the natural resources in
harmony and full working partnership between nuclear institutions and end users.

-To provide the Regional Resource Centers for training, TCDC, on-the-job training,
local field management of model problem-solving oriented projects through regional and
national training, demonstrations, expert missions, fellowships and equipment provision.

Immediate objectives.
1.Maximization of the Tracer Technology transfer to end users, to implement and

sustain the commercial routine application of radiotracers for problem solving of technology
in priority industrial sectors: in petrochemical and chemical industry, in mineral ore
processing industry, in cement, ceramic and related industries, etc, increasing the productivity
and reducing the environmental impact.

2. The transfer of NCS technology to developing countries, supporting the
manufacturing and routine application of simple nuclear gauges for small and medium size
industries.
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NDT (Non-destructive testing/evaluation)

N.D.T. CORE PERSONNEL PROMOTED IN THE FRAMEWORK OF THE JOINT PROJECT
AND PREPARED FOR N.D.T. MANAGEMENT IS INVOLVED IN TECHNICAL CO-
OPERATION BETWEEN DEVELOPING COUNTRIES, IN TRAINING AND EXAMINATION
OF N.D.T. PRACTITIONERS IN THE MEMBER STATES BENEFITING SIGNIFICANTLY
FROM ITS EXPERIENCE.

ln the framework of the joint UN DP-IAEA project and Regional Co-operation Agreement a massive national training of
NDT inspectors combined with specialized, regional training for highly qualified core personnel has been implemented.
This core NDT personnel has been engaged in Technical Co-operation Between Developing Countries (TCDC) and has
been recruited by the Agency as the regional Experts, lecturers and examiners.

- ENHANCED HARMONIZATION AND STANDARDIZATION OF N.D.T. TECHNOLOGY
RESULTS IN INCREASING OF EXCHANGE OF PRODUCTS AND SERVICES BETWEEN
MEMBER STATES.

Harmonized national standards on qualification and certification of NDT personnel, consistent with ISO 9712, have been
developed for assuring uniform level of training and examination of NDT inspectors in whole region. Qualification of
personnel is an important factor for development harmonized quality control methods and acceptance criteria, for increasing
exchange of products and services between developing countries and for being competitive on the world market.



- DEVELOPMENT OF N.D.T. METHODS FOR NON-METALLIC MATERIALS, FOR CONCRETE
STRUCTURES (BUILDING, BRIDGES, DAMS) IS RESPONSE TO RECENT COLLAPSES
OF CONCRETE STRUCTURES IN THE MEMBER STATES.

One particularity of the regional NDT project is development of NDT methods and practices for non-metallic materials, for
concrete and civil engineering structures (building, bridges, dams, etc.). It is good illustration of practical orientation of NDT
strongly linked with industrial "end-users", and of capability to meet urgent needs emerged in the Region after recent
collapses of concrete structure and public facilities.

-15 REGIONAL N.D.T. EVENTS WERE CARRIED OUT ON FABRICATION AND EVALUATION
OF N.D.T. TEST PIECES FOR TRAINING AND EXAMINATION PURPOSES, PROFICIENCY
TEST PROGRAMME, TESTING CONCRETE AND SPECIALIZED, INDUSTRIAL APPLICATIONS.

In the last 5 years of the project 15 regional events have been carried out in the following, vital areas of NDT technology:
fabrication and evaluation of NDT standard test pieces for training and examination purposes; proficiency test programme
carried out in Indonesia, Malaysia, Korea, Singapore with co-operation of the Japanese and Australian experts; regional
training courses, workshops and seminars on NDT technology in power stations (Shanghai), testing concrete (Singapore),
image processing (India), in-service inspection in Nuclear Power Plants (Korea) and industrial applications and evaluation
(Korea).



- FUTURE ACTIVITIES PROGRAMMED FOR 1997-2001 WILL FOCUS ON IMPROVEMENT OF
HARMONIZED TRAINING AND EXAMINATION MATERIALS FOR HIGHLY QUALIFIED
LEVEL- 3 PERSONNEL AND ON N.D.T. METHODS FOR PREVENTIVE INSPECTION
PROGRAMMES FOR CONCRETE STRUCTURES.

Next stage of the regional activities in NDT (1997-2001) will be focused on improvement and better harmonization of
training and examination material for Ievel-3 personnel, on improvement of NDT methods for concrete and related inspection
programmes ( on-line and for maintenance), on upgrading the ability for fabrication NDT test pieces, continuation of the
Proficiency Test Programme, on reliable application of specialized NDT methods in different industries (e.g.: petroleum
sector, power and aerospace industry etc.) and on advanced NDT techniques (e.g.: neutron radiography, on-site tomography
etc.)



Annex 11

OVERVIEW OF THE PROGRESS FOR FLUE GASES TREATMENT
IN THE RCA REGION

Rapid economic growth in our Asian pacific region has brought
to the people better living in regional harmony. On the other hand,
however, intensive production has left unfriendly waste to our
environment. Radiation treatment of waste is very useful to implement.
This paper presents the latest development on radiation treatment
of flue gases in the various participating member countries.

Activity

Two regional and two national ac t iv i t ies were held. Japan hosted 2
regional and China and Malaysia hosted 1 national act ivi ty each,
(see Table 1)

Table 1 Activities on Radiation Treatment of Flue Gases

Date Activity Participants

Sept.93 NEMS on EB treatment of flue gases

Oct. 94 RWS on EB technology for purification of flue
17-21 gases

Feb. 94 RTC on EB technology for purification of flue
5-9 gases

May 96 NS on EB technology for purification of flue
21 gases

June 94 RTC Fundamental Aspects of Radiation Techn.
6-7 Techn. and Environmental Conservation

Sept. 93 RTC Radiation Techn. for Environmental
27 Censervation Applications

May 93 RTC Environemtal Applic. of Radiation
10-21 Technology - Basic

China

Takasaki

Takasaki

Malay

Takasaki

30

16

16

48

15

Takasaki 11

Takasaki 12

Progress:

Applications of radiation to environmental conservation have been
extensively studied since 1970's in JAERI, Japan. An experimental
facility was set up in SINR, China in 1990. 3 pilot plant tests were
conducted from 1991-1995 in Japan and 1 pilot plant will be started
in 1997 in China.



Table 2

Date Country Treatment capacity of S0? and NO Remarks

1991-1994

1991-1994

1991-1995

1997

Japan

Japan

Japan

China

50,000 cmVhr

1000 m3/hr

12,000 m3/hr

300,000 Nm3/hr

Tokyo Metropolitan
Government & EBARA

JAERI, Masudo-city
NKK Corporation

JAERI, EBARA & Chabu
Electric Power Co.

Ministry of Electric
Power, China & EBARA

The status of various member states is shown as follows:
China, Indonesia, Japan, Republic of Korea and Malaysia
(see attachments 1-5)

The technologies established by the pilot plant in Japan and China
are very helpful. Japan is contributing through technology transfer
for design of demonstration plants.

The pilot plants have been conducted in Japan and China. Malaysia,
Indonesia and India are in technical evaluation stage - based on the
availability of faci l i t ies .

Other countries are in the research and development stage.



Attachment 1 - China

TECHNICAL COOPERATION AND FLUE GASES
TREATMENT DSf CHINA

UNDP/RCA/IAEA
4th National Coordinators Meeting on Radiation Technology

11-16 December 1996, Takasaki

Booming economic growth in our Asian Pacific region has brought to the
people better living and regional harmony among the member states.
Intensive production in the industries, agriculture and enormous household
consumption, however, have left unfriendly wastes to our environment,
detrimental to the mankind and the ecosystem.

In China, since the early 80's, spurred by the practice of opening
policies and the exercise of market orientated economy, industrial
restructuring and renovation have brought about the growth of countryside
industries. Villages, towns and counties in many provinces especially in East
China and South China have become modernized. The turnover from these
non-state owned enterprises, added much to GNP, is very impressive.
However, because of technological insufficiency (inevitable at the developing
stages), waste treatment and pollution control in the newly formed industrial
sectors were not well implemented. Because of lack of good environmental
management (GMP-good management practice in environmental protection),
pollution has caused much damage to the society and economy, leading the
people to face a big problem.

How can we keep the environment we live in clean? Can we clean the
environs?!

To introduce modernization to the newly urbanized countryside, the
industries have to provide electricity, water and gas to the homes, in addition
to supplying to factories and farms. Take electricity for an example, suppose
electricity is needed by new homes of 2 million in the rural areas in Shanghai,
each consumer 400 kwhrs per year, then 800 million kwlirs of electricity is
called for. In Shanghai, economic growth will need to install 0.9 million KW
of electricity per year in coming 15 years and about 6.5 million KW will be
established in 9th five-year plan period. At present time, total electricity
generated in China ranking second in the world is about 900 billion kwhr,
most from coal firing electric power stations. Since China's coal, production
(about 1.2 billion tons) ranking first in the world, is the main fossil fuel for



energy, about 80 % of electricity is derived from burning coal, we still has to
rely on burning coal to generate electricity. For coal rich in sulfur, sulfur
dioxide discharged into the atmosphere is tremendous. Most of the well
industrialized cities in China are founded in Jiangsu, Zhejiang, Guangdong,
Sichuan, Hebei, Shangdong, Heilongjiang and Jilin provinces etc., therefore
SO2 from the stacks in these provinces is the highest. If SO2 exhaust is not
well controlled, acid rain will do much damage to the environment.

According to the report, about 30 % area of China has been affected by
acid rain and intensity of acid rain is increasing. For instance, the average PH
value of acid rain in Guangzhou changed from 5.61 in 1985 to 4.10 in 1991.
The pollution not only contaminates the environment in China but also
influences the environment all over the world and brings damage to the
ecological environment as well. The Chinese Environmental Bulletin
published by Chinese Environmental Protection Bureau said that the amount
of emission of SO2 is annually increasing (Table 1). The Bulletin also shows
that the number of cities affected by acid rain is increasing and some of cities
affected are getting worse and worse. Since 1990, Chinese National Sciences
and Technology Committee, Chinese National Environmental Protection
Bureau and Chinese Academy of Sciences have encouraged studies of
feasible methods to remove SO2, such as wet method etc.. Some practices of
environmental protection had been effective. However, the emission of SO2
in China is still increasing and will reach to quite a large amount by the year
of 2020 (Table 2). It is a terrible figure.

Flue Gases Treatment in China
It should be paid attention that the amount of NOX exhausted by 2020

is estimated to be about 10 million tons and control of the emission of NOX is
more difficult. The total amount of SO2 and NOX exhausted will be near 40
million tons. For flue gases treatment, there are two scrubbing methods, dry
scrubbing with electron beam and wet scrubbing using lime. It is not practical
to use conventional wet method. Only dry scrubbing with EB can remove
SO2 and NOX, simultaneously.

Both of dry and wet methods add cost to power stations, therefore the
State has to be cautious for implementation of flue gases treatment. Take
electron beam scrubbing of flue gases, pioneering R and D was undertaken at
Takasaki Radiation Chemistry Research Establishment of JAERI.
Engineering development followed was completed at Ebara Corporation of
Japan. Pilot scale experiments were carried out in Japan, USA, Germany,



Italy and Poland. Economic analysis had been made, the cost of dry
scrubbing using electron beam is comparable with the wet scrubbing process.
Data showed that for a coal firing electric power station of 300 MW, if dry
scrubbing takes 2 % from this output, electric consumption for removal of
SO2andNOxis6MW.

Under UNDP/IAEA/RCA, funding and technical inputs had helped R
and D progressing rapidly in many fields, so did in environmental protection.
In China, some progress in flue gases treatment using radiation technology
has been made. In the 7th five-year plan period (1985 -1990), a project on
flue gases treatment using electron beam was granted by relative national
authority. It was since 1987 that China has begun the study on the electron
beam method. A experimental facility was established in SINR in 1990. In
1993 - 94, the SINR had undertaken the IAEA's technical assistant project.
A NEMS on radiation treatment of flue gases was held in Shanghai! This
seminar was interesting the officers of relating authorities, the leads and
managers from the factories such as power stations, steel works and other
factories where flue gases are to be treated. It brought strong impact to the
participants and they realized that radiation technology is very useful
implement for treatment of flue gases. Qinghua University and SINR have
cooperated well with Takasaki Chemistry Research Establishment and SINR
also made a cooperation agreement with Institute of Nuclear Chemistry and
Technology, Poland.

Through these cooperation and supports from IAEA, some results have
been obtained in China.

1. The experimental facility at SINR.
2. The "on -line" gaseous measurement of SO2 and NOX etc. content in the

flue gas.
3. Experimental results

To obtain high removal efficiencies of SO2 and NOX using electron beam
treatment process, it is necessary to study many parameters such as electron
beam absorbed; reactive temperature; added ammonia stoichiometry; humility
and resident time.

1). Electron beam dose absorbed shows the relationship between SO2 and
NOX removal efficiencies and electron beam dose. The removal efficiency of
sulfur dioxide is not only affected by electron beam dose but also
compensated by thermal reaction (i.e., SO2 reacts with NH3 without EB
irradiation) and resident time of flue gas in reactive chamber.



2). The effect of reactive temperature, added ammonia stoichiometry and
humidity, respectively.

4. The new by-product collector
A mini by-product collector which consists of four fiber filters replaced

the big collector. It is put into automatic heat preservation box and connected
with treatment system.

5. The by-product
The by-product obtained contains ammonium sulfate (NH^SC^ and

ammonium nitrate NH2NO3. This product can be used as an agricultural
fertilizer.

Feasibility Study of Electron Beam Method Demonstration Unit and Pilot
Project

At present time, the majority of coal fired power plants in China has a
capacity of electrical power generator ranging from 100 MW to 300 MW.
Derived much scientific information and experience on pilot plan of electron
beam method from IAEA's experts and under cooperation, the feasibility
study of the demonstration unit on electron beam method had been made by
the SINR and Qinghua University for an electricity capacity of 100 MW and
300 MW. The conceptual designs of the demonstration of 100 MW and 300
MW are completed.

A Pilot Plant on Flue Gases Start Operation from 1997
The environment problem caused by the increased world energy

demands are becoming of growing important internationally. Flue gas
treatment using EB to remove SO2 and Nox have been demonstrated in Japan,
Poland and other countries. In China, there are several institutes and power
stations interested in this technique.

For the industrialization of EB scrubbing of flue gases, in addition to
research and reactive mechanism, the engineering aspects should be
understood by engineers and technologists from the environmental sectors.
Therefore in the past the state has 'been making efforts on implementation of
pilot plant for demonstration and training.

To promote industrialization of EB scrubbing of flue gases in China,
recently, the China EB flue gas treatment project was established in Chengdu,
Sichuan province, China with financial support from Japan. This project is
under the cooperation State Planning Commission, Ministry of Electric
Power, Sichuan Provincial Bureau of Electric Power and Ebara Company of

42.



Japan. This pilot plant will be started operation from 1997, the project is also
supported by IAEA.

It will be the first large scale radiation technology application unit in
environmental protection in China. This pilot will treat 300,000 Nm3/hr flue
gases using 2 sets of EB accelerators, 320 KW (800 KV, 400 mA) each one.
The status of the pilot and advantage of EB treatment of flue gases are shown
in table 4,5.

The Ministry of Electric Power, China is appreciated in EB technology.
If demonstration successful, this technology can be extended to treat 2 million
Nm3/hr which is responsible for 600 MW electric generator. That means that
industrial application of EB treatment for flue gases really starts.

At the present stage, the environmental engineers in the industries in
China show great interested in radiation technology in environmental
protection.

There is no sizeable demonstration units open to environmental
engineers to learn the ABC of radiation technology in environmental
protection. To realize industrilization of radiation technology in environmental
protection in China, we face the problems are:

1. Presentation of data and figures to convince the planners in the
government, not just materials from literature survey.

2. Introducing EB systems to environmental engineers and industrialists in
protection. EB is only a part of a system, design and instruction are mainly
carried out by environmental engineers not radiation technologists.

3. Educate the general public guiding the people to correct their misleading
concepts in "Nuke"

4. Waste treatment shall not effect much on consumers' monthly electricity
bills.

These problems can be resolved if in our Asian Pacific region, we
created the human resources in radiation technology, making use of technical
expertise from our own region to tackle with environmental problem. We
need good radiation engineers, good managers, good economists and good
educators.

In our Asia Pacific region resides more than a half of the world
population, stimulated by growing economy in the region. People strives for
better living in a clean environment. Through regional cooperation among the
member states in the region, science and technology can bring to the region
property and peace and hopefully also a clean environment in our region.
Thus TC/DC shall be intensified. China in the past has made contribution.



Aiming the target of the new phase, scientists and engineers in the field of
^radiation technology shall coordinate well with regional activities, doing our
best io contribute more1-to the region within UNDP/IAEA/RCA through
TC/DC.



Table 1 Amount of SO2 Emitted in China
(Unit: Million tons)

' Year

SO2

1988

15.20

1989

15.48

1990

15.06

1991

16.22

1992

16.83

1993

18.00

1994

18.25

Table 2 SO2 Produced and Exhausted in 2020 Year in China
(Unit: Million tons)

Year
2000
2010
2020

Produced value
26.75
35.5

45.25

Exhausted value
20.98
27.60
31.87

Removed parts (%)
15
25
30

Table 3 Amount of SO2 Emitted in Shanghai (Unit: 104 tons)

Year
90
91
92
96

2000
2010

Amount of fired coal
2580
2956
3218

5200

SO2 emitted
41.50
47.92
51.36
50*
74
150

* Since 1994 Shanghai begun to implement the plan of pollution control and
situation of pollution was obviously improved since that year.



Table 4 The status of the Pilot in Chengdu Thermo-electric Power Plant

This pilot will treat 300,000 NnrVhr flue gases.
• It can remove flue gases exhausted from 100 MW electricity generator

50 tons /day
1500 tons /year
Efficience about 80 - 90 % for SQ>, about 30 % for NOX

2 sets of EB accelerators, 320 KW (800 KV, 400 mA) each one.

SO2 + NH3 NH3SO2 (NH4)2SO4

NOX + NH3 NH4NO3
The by-product obtained contains ammonium sulfide(NH4)2SC>4

and ammonium nitrate NH4NO3
This products can be used as agricultural fertilizer
The cost of pilot plant is about US$ 120 million.

Table 5 Advantage of EB process

1. Desulfurization and denitrification can be attained simultaneously
2. By-product can be used as fertilizer
3. Since no catalyst is used, the reaction is not affected by fly-ash
4. Dry system — No waste water treatment is required
5. Treatment cost becomes cheaper by up-sizing EB equipment
6. The process is simple



Attachment 2 - Indonesia

Research on Flue Gas Treatment in Indonesia was set up in Industry scale
in 1995. One research group lead by Mr. Erry Anwar was established
just after IAEA expert mission (Mr. H. Namba) to Indonesia. The
Group has made some effort to make under beam equipment for EB
irradiators (sub-scale) and purchase some chemical analysis equipment
such as GC and MS-GC.



Attachment 3 - Japan

Country report; Japan

Electron beam treatment of flue gases

Global environment is being deteriorated from different as-
pects; destruction of ozone layer by fluoro-carbons, global
warming by green-house effect of carbon dioxide, destruction of
forests and lakes by acid rain caused by sulfur and nitrogen
oxides, contamination of surface and underground waters, soil
etc.

Application of radiation to environmental conservation have
been extensively studied since 1970's in JAERI, other research
institutes and companies.

In the field of application of radiation to air pollution
control, following three pilot plant tests were conducted in
Japan.

1.Treatment of flue gas from coal-fired boiler
Pilot plant test was conducted from 1991 to 1995 by JAERI,

EBARA Corporation, Chubu Electric Power Company for the removal
of N0x and S0x. The treatment capacity was 12,000 m3/hr.

2.Treatment of flue gas from waste incinerator
Pilot plant test was conducted from 1991 to 1994 by JAERI,

Masudo-city, NKK corporation for the removal of N0x, S0x and HC1.
The treatment capacity was 1,000 m^/hr.

3.Treatment of ventilation gas from car highway tunnel
Pilot plant tes t was conducted from 1991 to 1994 by Tokyo

Metropolitan Government and EBARA Corporation for the removal of
low concentration N0x. The treatment capacity was 50,000
cm3/hr.

From the operation of the plants and results obtained in the
tests, the following conclusions were obtained.

(l)Electron beam process for purification of flue gas has more
practically favorable advantages compared with conventional
process.

(2)Electron beam process for purification of gas from coal-fired
boiler and from municipal waste incinerator is now on the stage
of being used actually in full-size plants.
(3)For the treatment of ventilation exhaust from a car highway
tunnel, long operation should be carried out with a larger plant
to confirm the durability and reliability of the process.

The technologies established by the lab-scale and pilot-scale
tests in Japan are contributing through technology transfer for
the design of demonstration plants being constructed in China and
Poland and also will be helpful for the operation of these
plants.



Attachment 4 - Republic of Korea

Treatment of flue gas

The Republic of Korea has national emission regulations and at the
present time the levels can be met by utilizing low sulphur coal
and low NO burners. The industries emitting flue gas will be eager
to meet the national regulation since the regulation limit from 1998 will
be severe. Samsung Heavy Industries Co.Ltd. began to carry out
the research work on the treatment of flue gas by EB (lMeV, 40mA)
from 1994.

For flue gas treatment, a test facility with simulated flue gas of 4 Nm /hr
was installed in the first phase of research. A small scale pilot plant
with flue gas of 200 Nm /hr for the treatment of incinerator flue
gas and coal-fired flue gas has been constructed in the second phase.
The pilot plant consists of a flue gas generating boiler, steam
generator, EB reactor, lime spray drier, and by-product collector.
KAERI has carried out the work on the flow speed of gas and the flow
pattern in reactor as a cooperative work with Samsung Heavy Industries
Co.Ltd. KAERI will coordinate the efforts of various groups interested
in EB technology for purifying flue gas in the future.

h<\



Attachment 5 - Malaysia

Radiation Technology for Treatment of Flue Gases:

At present, Malaysia has only 2 x 300 MW coal power station. The flue
gases emitted from this coal power station is considered low in view
of fuel policy adopted by the government to use only low sulphur content
(<17o) fuel, however, low sulphur coal is considered a high premium fuel.
Therefore, the use of low premium coal - high sulphur content is an
alternative for future coal power plant with the integration of
desulphurisation system on line. For future energy planning, coal is
one of the favourable potential fuels. Beside coal, oil fuel is also
the source of S0_ and one of main fuel for power generation in Malaysia.

Although at present there is no regulation on the emission of SO. and
NO in Malaysia, the awareness and the responsibility towards preserving
the environment has become the concern of public and government. Malaysia
has participated in the Regional Seminar and Training Course conducted
in Japan in 1994 and 1996 respectively. Malaysia has also organised
national seminar on electron beam purification of flue gases which
was attended by more than 40 participants from various sectors of energy
industries and government agencies.

As a follow up, MINT together with the Tenaga Nasional Research and
Development Sdn. Bhd. (TNRD) has conducted a feasibility study on EB—
technology for purification of flue gases in Malaysia under the Technical
Assistance Programme of the IAEA for 1996/1997. Mr. Norman Frank from
International Consultant, USA, has been despatched by the IAEA as an
expert to assist and advise Malaysia in the carrying out of the study.
The report of the study is being prepared and will be submitted to the
management of the utility company for further consideration.



Annex 12

RADIATION TREATMENT OF SEWAGE SLUDGE

Progress and Current Status - India

Introduction:
India is one of the few countries in the world which have several years of experience

in the field of Radiation Treatment of Sewage. Of the number of plants which were
constructed in the world so far, the Indian Sewage Treatment plant at Baroda, India is the
one which has been in continuous operation and continues to operate satisfactorily.

The successful operation of this plant has given us a great deal of confidence in
proceeding with future plans in increasing the number of plants of this type. In fact,
conceptually we are hoping that clean up of some of our major rivers may be made
possible by installing more radiation sewage plants.

A brief description of the design and experience in operation of the Baroda plant is
given below. Conceptual future developments are also mentioned.

Technical specifications of the Baroda plant:

The plant is of category-I, self contained, panoramic dry source storage irradiator,
where human access to sealed sources is not possible.

Treatment capacity : 110 m7day, digested sludge with 3 to 4% solids
Maximum Co-60 activity : 18.5 Pbq (500 kCi)
Biological shield capacity : 37.0 Pbq (1 Mci)

External radiation level : Below 2.5 mR/hr
Treatment dose : Variable (50-500 krad)
Pathogen reduction : 4 to 5 log cycles
Storage of radioactivity : Designed for in situ source transfer and storage

Briefly the process consists of collecting the raw sewage from Baroda Municipality
and removal of the bulk of liquid matter leaving the sludge which contains about 4%
solid. This sludge is now pumped into storage tanks which contain Co-60 radiation rods
with provision for cooling. After irradiation, this sludge is pumped on sand bed for
drying and safe disposal and/or use. The plant was commissioned in October 1990 with
an initgial loading of 150 kilo curies of Co-60. The present capacity is somewhat less
than 100 kilo curies and plans are underway for increasing the strength of the source by
another 100 kilo curies.

At current activity, 3 cubic meters of sludge are processed every 4 hours.
Engineeringwise, the plant is very successful. All systems are working at optimum level.
No deposits or scales have been noticed in any part of the system.
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Initially nylon films encasing PVC balls were used as dosimeters. This method was
found to be defective because of pockets and eddies during the flow. Therefore, an
improved method has been developed. This consists of monitoring the
thermoluminisance of sand particles present in the sewage. This method has proved very
successful.

300 - 400 kRads of gamma dose was found to be adequate to reduce the biological
count by 4 to 5 log cycles.

Future Plans:
Experimental use of the irradiated sludge as fertilizer has shown very promising

results. Future conceptual plans include popularisation of this fertilizer. We are making
attempts to increase the public awareness regarding this process and to remove the fears
created unnecessarily.

We have also been studying the possibility of continuous irradiation of both, the
digested sludge as well as raw sewage. Designs have already been made for such plans.
The CRP programme is already underway for these studies. The worldwide trend is
favouring the treatment of raw sludge rather than digested sludge. We would also like to
move in this direction. Implementation of this plan will be very beneficial for clean up
of major rivers in developing countries. We are hoping to persuade our authorities to
incorporate some of these plans in the Ganga Action plan which aims at depolluting the
Ganga which is the largest river in India.



Radiation treatment of waste water and sewage sludge
in other countries of the Region

From the country reports it appears that in the other countries
of this Region, activity in the above field is either not being
pursued or is at a research and development or pilot plant level.

1. Bangladesh:

Industrial waste deocntamination study is being carried out on a
lab-scale.

2. China:

There is a great deal of interest in water purification as well as
sewage treatment. Laboratory scale studies are going on.

3. Malaysia:

No activity has been reported.

4. Indonesia:

Lab-scale studies are being conducted.

5. Japan:

No mention has been made of this activity.

6. Myanmar:

No activity reported.

7. Pakistan:

Lab-scale activity is going on.

8. Philippines:

No activity reported.

9. Singapore:

No activity reported.

10. Sri Lanka:

No activity reported.

11. Thailand:

Laboratory level activities are going on. JAERI of Japan and OAEP of
Thailand have signed an agreement on radiation pasteurisation of
sewage sludge. Recently this agreement has been extended to cover
agricultural wastes.



12. Viet Nam:

Laboratory level activities are going on.
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25-Amm

®
4-

r—Ĵ 6-4 nun

Cobatt metal rod (Slug 7gm.)

Nickel plated

"'09; 55 mm

Zircalloy Inactive >
Fusion Welded
both ends

C Unit = 8 Nos Unit

S3T
5_i ao.

7-00 mm
I.D

CAPSULE ASSEMBLY AC-339

624 mm Active length

2Nbs, C Unit x 3 Stacks

-1mm thk Rotating
Cover Plate

-i-U-3mm • 10 mm 1.0,11-5 mm 0-D.
Source cage tubes 2nos.

637 mm
035 mm

SOURCE CAPSULE CAGE

636 mm

35-1mm I-D.,38-1 mm 0.0..
Outer Encapsulation

698 mm

INTEGRAL SOURCE UNIT

Cobalt 60 Sealed Sources
Integral Scarce Unit (ISU)

Construction



Cell* 2

J?

rIrradiation Area

u!en 17

Laboratories

15 U 13

8 10 11 M2

THE FACILITY LAYOUT

1
2
3

5
6
7
8
9

10*
11
12
13
14

15
16
17
18

Platform
Cell 1 8. 2
Pump house
_abyrinth
Switch Gear room
Control room
Office
Plant incharge
Reception / Security
Instrumentation lab
Dosimetry lab
Micro biology lab
Chemistry lab
Maintenance shop
Change room
Health Physics
Staff
Toilet

>
>
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50 NB PIPE
SCMF.DUI.II 10 S

VENT WITH
PERFORATED CLOSURE

IRRADIATION
VESSEL

-13 Nos OF TUBES

-^ I2cms(typ.)

INFLOW

/ /ISO ID

TWO SOURCE
PENCILS IN
SERIES (ISU)

Total 13x 2 =26nos

— DUMMY PENCIL

THE SOURCE FRAME INSIDE THE IRRADIATOR



1 Irradiation cell with Maze access
(shielded withi concrete) Cell-1

2 Silo storage
3 Irradiation vessel
4 Source, a'ssembly
5 Source coolant system
6 Rcclrculatlon lines for sludge
7 Control systems 0> monitor •

8 obnoxious gas exhaust lines
9 Source loading Bay

10 Fire protection systems
11 Alternate cell lor the source storage

and development. Cell-2
12 Contamination monitoring and

control systems

13 Source loading and unloading
arrangements

14 Radiation source transfer and
transport container

15 Transport container load unload
trolley system

16 Sludge activity monitoring
system

17 Corrosion monitoring system
18 Sludge level -monitors

19 Sludge density meters

20 Sealed maze access with double
door protection

21 Radiation monitors (6 r.os)
22 DM water reservoir with water

level monitors . ,
23 Pump house
24 Inlet resorvolr (sludg*)
25 Outlet resorvoir ( sludge)
26 Emergency sludge drain

27 Irradiation warning signs

28 Control room
29 Electrical panel room
30 Ovc.head water tank

o
o
>

2!
O

Sludge Ir radiator System (SHRI)
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PROPOSED LOCATION
LAY OUT OF
SLUDGE HYGIENISATION
RESEARCH IRRAOIATOR(SHR*
at WAOI BAROOA

H

LOCATION PLAN SHOWING PROPOSED SLUDGE HYGIENISATION
RESEARCH IRRADIATOR (SHR1) within WADI SEWAGE TREATMENT COMPLEX
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Metering

r

Primary
Settling tank

Primary
Trickling filter

Final
Settling tank

Secondary
Trickling filter

.River

RADIATION PLANT

ih*-
Drying bed

SEWAGE PROCESSING INCORPORATING RADIATION PLANT
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FLOW LINE DIAGRAM-
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D 1 0 Value for Salmonella typhi Gamma Irradiated
Buffer Containing Various Chemicals

Chemical added

None
Copper sulphate
Lead nitrate
Mercury iodide
Sodium arsenate
Sodium sulphide
Potassium chromate
Ferric chloride
Barium acetate
Ammonium chloride
Iodoaceiamide .

a The concentrations
industrial sewage and

Concentration0

(mg litre'1)

—

3
1
0-01
0-05
2

6 .
3
• \

10
18-5

used were those known to
were essentially non-toxic.

in Phosphate

(krad)

65
45
35
30
35
80
50
65
70
65
50

.be present in -

i • - J

>
5
O
O
>

a
>

Pandya et a l . (1987)



The Effect of Various Chemicals on D1 0 Values for Shigella flexneri
Gamma Irradiated in Phosphate, Buffer

Chemical added

None
Copper sulphate
Mercun chloride
Sodium chloride
Sodium sulphate
Barium acetate
Iodoacetamide

*
Concentration0

img litre' M

—

3
001

• 0-1 Mb

' ' 0-lMh

«3
18-5

ikrad)

30
25
40
55
45
80

- . 7C

>.O
D

A
,

h-1

•z
o
M
>

a The concentrations used were those known to be present in
industrial sewage and were essentially non-toxic.
6 Concentration used is in terms of Molar. /

PANDYA ET AL. (1987)
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.:*. Effect of gamma-irradiated sludge on the growth of plants after 90 days. A: plants
*n>wit without sludge: B: plants grown with unirradiatcd sludge; C: plants grown with

500krad irradiated sludge.
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Pandya et a l . (1988)



ENVtRONEMENT QF SEALED SOURCES IN THE

SLUDGE IRRADIATION

Outer tube 1.5 mm Tik .
Stainless steel

Inner tube 2'0mm Thk.
Stainless steel ^

Air 2-0 mm Thk

1.0 mm Thk Stainless steel

Wa»er 5«5 mm Thk.

ISU 1-2 mm Thk
Stdinless steel

Slidc,e

- '1«O mm Thk Aluminium

ENLARGED SECTION- XX'
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Effect of Gamma-irradiated Sludge on Yield of Rice*

Series
number

Treatment TN'S** TNFS*** Weight of Weight of
100 filled total filled

seeds seeds/plant

(g) (g)

1 Soil without sludge

2 Soil with unirradiated sludge

Nil Nil

3 Soil with 500 krad irradiated sludge

121-63°t

l-f

8-76 •

134-42°
+
5-88

84-75°
±
9-85

99-67°
±

v 5-73

2-08°
!

0-05

2-21"
±
006

1-78°
+

0-23

2-23"
±

0-17

*Each value represents mean ± standard en or of at least eight samples.
** Total number of seeds.

*** Total number of filled seeds.
+ In each column, figures with the same letter are not significantly different but the figures

with different letters arc significantly different from each other at P<010.

et a l . (1988)
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Annex 13

Status of Radiation Curing in RCA States

Radiation Curing:

Polymerization of monomer in combination with
oligomer (Prepolymer), additive and co-additive by the
application of radiation, to a thin coating on a suitable
substrate or as a thin film.

* Oligomer: Polyester, Epoxy and urethane acrylates.

* Monomer: Monofunctional: MA, EHA, NVP,
HEMA, etc.
Difunctional: TPGDA, HDDA, BDDA,etc.

Trifunctional: TMPTA, TMPTMA,
HDDA, BDDA, etc.

* Additive: To enhance and induce specific properties
to the polymerized coating/film, e.g.
increased TS, Eb, adhesion, etc.

*Coadditive: To induce desired characterstic prperties
to the coating/film, e.g. fire retardency,
scratch resistance, chemical corrosion
resistance, etc.



Structures

Monofunctional monoaers;

Name: Tg_('C) Formula

1.

2.

3~

4.

5..

6..

2MEA

2EHA

EA

2HEA

2HPA

MA

-110

-50

-24

-15

-7

10

7- CL959 12

8. CL1039 16

9.

10.

11.

12.

13.

CHA

VAc

t-BA

2HEMA

19

32

43

55

2H3C1PMA 75

14. DPA

15. NVP

120

175

CH2=CH-CO-O-CH2-CH2-OCH3

CH2=CH-CO-O-CH2-CH(C2H5)-(CH2)3CH3

CH2=CH-CO-OC2H5

CH2=CH-CO-0-CH2-CH2OH

CH2=CH-CO-O-CH2-CH(OH)-CH3

CH2=CH-CO-OCH3

CH2=CH-CO-O-CH2-CH2-N

0
f

CH2=CH-C0-0-CH2-CH2-O-CO-NH-C4H9

CH2=CH-O-OC-CH3

CH2=CH-CO-O-C(CH3)3

CH2=C(CH3)-CO-O-CH2-CH2OH

CH2=C(CH3)-CO-O-CH2-CH(OH)-CH2C1

CH2=CH-CO-O-

CH2=>=CH-N(

\
0



Multifunctional monomers;

('C) Formula

CH2=CH-CO- (OCH2-CH2) n-O-CO-CH=CH2

CH2=C(CH3)-CO-(OCH2-CH2)n-O-CO-C(CH3

CH2=CH-O-(OC3H6)3-O-CO-CH=CH2

(CH2=CH-CO-O-CH2)3C-CH2-CH3

0

16. PEGDA 14

17. PEGDMA - CH2=C(CH3)-CO-(OCH2-CH2)n-O-CO-C(CH3)=CH2

18. TPGDA 90

IS. TMPTA >250

20. M-315 >250 CH2=CH-CO-O-CH2-CH2-N N-CH2-CH2-O-CO-CH=CH2

CH2-CH2-O-CO-CH=CH2

2.1. DPCA-20 >250 (CH2=CH-CO)4(-OCH2)3C-CH2-O-CH2-C(CH2O)3

/
[CH2=CH-CO-O-(CH2)5-CO]2

Oliqomers

22. M1100 47

23. M8060 >250

24. EA1020 -

CH2=CH-CO-O-R' -O-O-CNH-(R-NHCO-O-Polyol-O-CO-NH) •
• I

CH2=CH-CO-O-R
1-O-CO-NH-R

A-(XA-Y)n-XA-A; A = acrylic acid; X = polyol

and Y = polybasic acid.

CH2=CH-R-CH - CH-R'-CH=CH2



Radiation units and fields in RCA Countries.

Country EB Unit Fields UV Unit Field

1.Australia

2.China

3.India

4.Indonesia

S.Korea

6.Malaysia

7.Phillipine
8.Thailand

4

40

2

1

15

4

9.Bangladesh

Polymer materials 60
Printing paper
X-Linked PE to as
heat shrink film
coating packaging

PVC and wood floor, 20
furniture, Printing
inks, electronic cercuits,
CD/ LD disks, Auto-parts,
textiles dyeing

Paints and coating on ?
paper, wood, plastics,
metal.

Wood pannels 1

Curing, grafting, several

Plastics, packaging
semi-conductoi" 12

1
21

1

Papers, board,
timber, metal
optical fibers
plastics, prefoa

Printing, gloss coating,
wood and bamboo

floor, metal coating

Printing inks

Wood pannels

Printing inks wood,
plastics, metals,
paper, furniture

Printing and electronic
industries

Particle board
Paper substrates,
plywood.
Modification of polymci
jute plastic composites,
Leather and paper
coating (R & D).
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Electric Wire

Polyoleiln foam

Heat-shrlnkable tube & sheet

Curing

Tire rubber sheet

Sterilization

Others
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EB Processes in Japan
. AVw^vws^wvw^AVA^w/.v^.*.*.v.v.v.w/.WAV«vwiAV/.V.v/tW///tNv.v

Product Producer
Floppy discs TDK Corp. and Hitachi Maxcell Co." Ltd.
Printed circuit boards GMK Co. Ltd.
Anti-fogging films Dai-Nippon Printing Co. Ltd.
Thermo-sensitive paper Kanzaki Paper Co. Ltd.
PSA films Hitachi Chemicals Co. Ltd.

Manufacturers of Electron accelerator in Japan
150-900keV l-5MeV lOMeV

Nissin-High Voltage Co. Ltd. yes yes yes
Sumitomo Heavy Industries, Ltd. yes yes yes
Iwasaki Electronics Co. Ltd. yes
Mitsubishi Heavy Industries, Ltd. yes
Denki Kogyo, Co. Ltd. yes

*W**^



8.04%

3.54%

5.79%
2.25%

•
•
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a
•

VMRE
TIRE
FOAM
TUBE
CURN3
STEWUZAT1ON
fk+U Q«C

OTVFES
FUO

Application field of EB



EB Process Industry

1. Inks and coatings
2. Metallised paper, foils
3. Silicone Release
4. Pigmented paper coating
5. Circuit printing, etc.

Packaging
do
do
Furniture
Electronics, etc

UV Process

1. Coatings and printings
2. Fiber optics
3. Adhesives
4. Lamination
5. Circuit printing, etc.

Industry

Packaging and wood
communication
Packaging
Printing, packaging
Electronics, etc



UV Applications in Order of Volume

Application

Coatings

Printing

Fibre optics

Adhesives

Lamination

Electronics

Comments

Very widely used in most countries

Widely used, volume varies with country

Large use particularly in Australia

Widely used, small volume

Widely used, small volume

Only in few specific countries

Developments in UV Printing

Application

Sheet fed offset

Letter press label

Flexographic label

Screen

Comment

Established, largest volume

Established, reasonable volume

Narrow web only

70% of Australian lines UV



Advantage of Radiation Curing

* No solvent, Fast dry
* Environmentally attractive
* No greenhouse effect
* No contamination of work place
* Adhesion to various substrates
* Reduction of waste
* Press stable
* Easy wash up

Developments in UV Curing

System
^Graphic arts
^Plastics
*Metal
-Wood

Applications
Coating
Printing
Coating
Lamination, Coating
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Introduction

Latex before it can be made useful must first undergo a process called vulcanisation. This
is to assure that the products meet the specifications of the users and the various
international standards. In the conventional way latex is vulcanised by using chemical
ingredients like sulphur, zinc oxide and accelerator. Chemical method of vulcanising latex
is the source of nitrosamines in the products. Moreover, the chemical method is also the
source of the various allergies especially those related to the use accelarators, or
commonly known as allergy type IV. In solving the problem various alternative techniques
have been attempted. Gamma irradiation technique is most promising and have created
wide interest among the RCA member countries. This paper will present the latest
development on the RVNRL project in the various participating member countries.

Bangladesh

Bangladesh is among the countries with the lowest production of natural rubber latex
participating in the RVNRL project. The field latex production in 1995 was reported to be
approximately 40 000 metric tonnes. However, the production is expected to increase
when more rubber trees are mature enough for tapping.

The project on RVNRL in Bangladesh started in 1989. Every effort was made to
accelerate the research activities. Besides others a small rubber plantation was created in
the compound of the Atomic Energy Research Establishment 1).

Despite the short coming like the lack of latex centrifuge machine, the progress of the
project was reported to be very encouraging indeed. The studies completed include the
various correlation between latex properties and the properties of RVNRL. Preparations
of RVNRL using field, centrifuge and creamed latex were attempted and the properties of
their film vulcanisates were compared. Moreover, the effect of clonal varieties on the
mechanical properties of RVNRL film vulcanisates were also studied. In the studies n-
BA, 5 pphr was used as the sensitiser, an optimum tensile strength was obtained at an
irradiation dose of 12 kGy.



A patent has been submitted on the application of RVNRL in the production of rubber
coated jute fabric. 10 research papers have been published in the various international
journals.

Indonesia

Indonesia produced 1.42 million metric tonnes of rubber in 1995. The country is currently
the second largest producer of natural rubber in the world, In the same
year there are 70 latex based industries in operation in the country, where 47 of them are
gloves manufacturers.

Project on RVNRL started in Indonesia sa early as 1970. By 1983 a pilot scale latex
irradiator was installed in BAT AN. RVNRL applications in Indonesia was introduced to
the cottage industries since 1982. Among the products manufactured include masks, finger
rings, industrial gloves and adhesive.

Industrial scale production of condoms and gloves using RVNRL were carried out
however there was no attempt was made to commercialise the products. RVNRL was said
to be much more expensive than sulphur vulcanised natural rubber latex. Despite that
RVNRL is still popularly used in the preparation of adhesive especially of the oil
resistance grade.

Currently RVNRL activities in the country are focussed on the effect of latex viscosity,
mechanical stability time, volatile fatty acid number, standing time and agitation during
RVNRL preparation on the properties of its film vulcanisates. The afore mentioned
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properties and parameters were reported to influence the properties of RVNRL. Latex of
lower VFA number produced RVNRL of higher tensile strength.

Vietnam

Vietnam produces about 10 000 metric tonnes of latex yearly. Approximately 7. 000
tonnes are meant for domestic used and the balance are exported.

There are two gamma irradiators available in the country. One is of 55 kCi and the other is
of 5 kCi. These facilities are stationed at Hanoi Irradiation Centre and Nuclear Research
Centre (Dalat) respectively. A commercial gamma irradiation facilities meant for
sterilisation applications is under construction near Ho Chi Minh City. The facilities will be
equipped with cobalt-60 source of between 300 to 500 kCi (3).

Work on RVNRL started in 1989, special attention was given to the improvement of latex
quality to suit RVNRL preparation. In 1992 two tonnes of RVNRL from Vietnam latex
was prepared in BATAN, Indonesia. The RVNRL was brought back to Vietnam for
factory scale productions of gloves and condoms. Unfortunately the products were found
tacky.

A National Executive Management Seminar was held in 1993. The potential of RVNRL
was noted. More effort are being put into the research. Choice of latex being identified
and the optimum procedure for RVNRL preparation was determined. RVNRL preparation
will be scale up to 100 litres per batch using the facilities available at Hanoi Irradiation
Centre.

Sri Lanka

Sri Lanka produces about 15 000 tonnes of concentrated natural rubber latex per year.
The latex based industries in the country are in the health care products like gloves,
catheters, tubings and condoms.

Factory scale RVNRL gloves production were tested in 1994. RVNRL used
was prepared from Sri Lanka latex irradiated in BATAN. This latex was
tested in tread and ballon production. Sri Lanka has developed a
highly stabilised centrifuged latex for RVNRL and it was patented
in 1991. Several private sectors have shown great interest in
commercialisation of this technology. Four companies participated in the
International Symposium on RVNRL held in Kuala Lumpur, Malaysia, in
July 1996.

Currently, RVNRL activities are focused on improving physical properties
of RVNRL film, effect of maturation of centrifuged latex on physical
properties after and before irradiation and study on extracable
proteins in RVNRL films.



India

India produces about 52 000 tonnes of concentrated natural rubber latex per year. All the
latex is for domestic used (5).

India is the second country after Indonesia to have RVNRL pilot plant. The latter is
equipped with cobalt-60 source of 6.3 kCi delivering an irradiation at a dose rate of 0.108
kGy per hour. By December 1996 the source strength was planned to be upgraded to 100
kCi. By then RVNRL production is expected to increase to three tonnes per day.

Currently the the major applications of RVNRL are in the production of household gloves
and balloons. Attempt were made to produce examination gloves and catheters from
RVNRL but were found unsuitable.
RVNRL productions in 1994 and 1995 and its consumption according to the products are
given in the
Table 2.

Table 2: RVNRL Productions and Applications in India

Year

1994

1995

Total Production,
kg.

4 000

6 000

Percentage used
for gloves,%

92

60

Percentage used
for nipples,%

6

15

Percentage used
for balloons,%

2

23

People's Republic of China

There are 58 gamma irrradiators in China with the total cobalt-60 of eight milliom curies.

The main latex products are examination gloves, surgical gloves, balloons and condoms.
These are produced by 20 latex products manufacturers which consumed about 22 000
tonnes of natural rubber latex in 1995 (6).

RVNRL activities are being carried out in Suzhou Medical College. Among the studies
being carried out include the reduction of residual n-BA in RVNRL. In November 1995 a
Symposium on RVNRL was held. The installation of a cobalt-60 facilities with a source of
104 kCi in Suzhou Medical College is expected to
expedite the reserach activities on RVNRL.



Thailand

Thailand is the world largest producer of natural rubber. The amount of rubber produced
in 1995 was reported to be about 1.786 million tonnes.

RVNRL research activities are limited to Office of Atomic Energy for Peace (OAEP) and
the Department of Nuclear Technology at the Chulalongkorn University. No interest was
shown by any private latex industry. Thai Fuji Latex Co. Ltd. was irradiating latex at
Kendal-Gammatron Co. Ltd. in 1992(7). Thai Fuji Latex Co is now producing gloves from
RVNRL for Japan market. The process is being patented in Japan.

The lack of interest from the industries mainly due to the high cost of RVNRL. It was
reported that the cost to irradiate 1 kg. of latex was 10 times higher than the cost to
vulcanise the same amount of latex using chemicals. In the attempt to reduce the cost of
RVNRL preparation a new sensitising system was developed and the gamma irradiation
dose for preparing RVNRL of optimum tensile strength was reduced from
15 kGy. to 4 kGy. only. This should definitely reduce the cost of RVNRL production and
making it more attractive to the users.

A latex irradiator capable of irradiating approximately 176 litres of latex per batch is
expected to be installed in December 1996. The Co-60 source of 10 kCi will come from
Hungary. The cotnmisioning of a new and dedicated latex irradiation facilities is hoped to
create a new era in RVNRL technology in Thailand.
Philippines

The production of natural rubber in Philippines is on the increase when 181 000 metric
tonnes was produced in 1995 compared to 77 000 metric tonnes produced in 1980 (8).

RVNRL project started in Philippines in 1993. The irradiation facilities available for the
research are a multi- purpose gamma irradiation facilities of 150 kCi and a Gammacell
220.

The government sector and the private sector including the rubber industries shown good
cooperation in exploring the potential of the project in the country. Within a short period
some meaningful results has been obtained. For example the response of locally produce
and processed latex to radiation vulcanisation and the stability of irradiated latex to
storage and accelerated ageing have been established. Hence, the first phase of the project
was said to have been completed. Preparations for scale up RVNRL production of up to
200 litres per batch was reported in progress. The second phase, from 1997 to 2000 will
include pilot scale irradiation and the transfer of RVNRL technology to industries.

Japan

Japan experienced a substantial decreased on the import of natural rubber latex from 1977
to 1995 (9). This was partly due to the increased on the import of the finish products and



the setting up of many Japanese latex dipping industries abroad. Despite this Takasaki
Radiation Chemistry Research Establishment (TRCRE) continue to be the centre of R&D
activities on RVNRL especially for the scientists from RCA member countries. RVNRL
research activities using either gamma rays from cobalt-60 or electron beam accelerators
of low and high energy are made possible. It was reported that comparing the three
possibilities, RVNRL preparation using low energy electron beam accelerator is the most
economical.

In solving the problem related to latex protein allergy, allergy type I, excellent research
studies had been carried out. Radiation effect on allergic response of proteins in NR latex
was studied. It was carried out to evaluate the properties of RVNRL using the passive
cutaneous anaphylaxis (PCA) test of water soluble latex components in mouse-rat system.
Included in the studies were quantitative analysis and measurement of molecular weight
distribution of water soluble latex components, quantitative analysis of nitrogen content in
the latex film, and measurement of molecular weight distribution of proteins in water
soluble latex components by SDS-PAGE. In the PCA test, it was reported that, RVNRL
exhibited allergenic response compared to sulphur vulcanised latex. The response was
independent of irradiation dose. The total amount of water soluble latex components and
nitrogen content increased by irradiation of the latex. Latex irradiation also helps in the
extraction of the nitrogen containing material using 1% ammonia solution. High molecular
weight constituents of the water soluble components was also found increased by
irradiation. In contrast, increased in low molecular weight constituents of the proteins was
observed from the irradiated latex. These results suggest that the non-rubber components
of the latex such as proteins and carbohydrates decompose by irradiation to become water
soluble. It was concluded that radiation denatured latex proteins can be removed from
latex products by leaching. More studies are being carried out to determine the best
possible mechanism of removing the proteins from irradiated natural rubber latex. Project
on RVNRL modifications by blending are also being carried out. More results are
expected to be published in the very near future.

Malaysia

Malaysia ranked third in the list of world's natural rubber producers. It is one of the prime
commodities in Malaysia economy.

Talking about rubber products industries, there are currently at least 60 latex gloves
manufacturers in operation in the country to make Malaysia undisputedly number one
latex gloves producer in the world. Malaysian gloves have captured 75% of the world's
market. Their quality have not only met the international standards but are also accepted
world wide (10).

The development of RVNRL project in Malaysia advanced one step further when a pilot
scale latex irradiator was commissioned in March 1996. The plant is designed as a 1 MCi
cobalt-60 dry source storage. The plant is designed to produce at least 6 000 tonnes of
RVNRL per annum. It is a continuous latex irradiation system, different from those



RVNRL pilot plants available in BAT AN, Indonesia and RRI,India where theirs are batch
systems.

At present, the pilot plant is installed with approximately 140 kCi of cobalt-60, it is
capable of preparing 130 kg. of RVNRL per hour. The physical properties and mechanical
properties of RVNRL prepared using the pilot plant latex irradiator is given in Table 3 and
Table 4 respectively. These properties are very similar to the properties of RVNRL
produced at laboratory scale.

Table 3: Typical Properties of RVNRL Produced Using Pilot Plant Latex
Irradiator in MINT

Properties
Total Solid Contents (TSC), %
Dry Rubber Content (DRC), %
Brookfield Viscosity, Cps
(Spindle 18/30 rpm @ 25° C)
MST,s
pH Reading
Ammonia Content, %
Coagulum Content, %

Value
>52
>50

33

>2000
10.3

0.4 (minimum)
0.003

The cost for RVNRL processing at the pilot plant scale is determined by the production
capacity. For example, at a production capacity of 1 350 tonnes per annum, the cost is
RM 0.70 per kg wet. Whereas, at a production capacity of 9 000 tonnes per annum, the
production cost is RM 0.25 per kg wet.

Table 4: Typical Mechanical Properties of Pilot Plant Scale RVNRL Film
Vulcanisates

Samples

Properties
Tensile Strength,
MPa
Modulus @ 5007o
Elomgation, MPa
Modulus @ 700%
Elongation, MPa
Elongation @ Break

RVNRL Film
Vulcanisate

26

2 - 3

6.5-7.5

1000

Aged RVNRL Film
Vulcanisate#

0.5

nd

nd

nd

Aged RVNRL film
Vulcanisate Contained
Added Antioxidantt

25

2 - 3

6 -7

>900

#Accelerated ageing in Geer Oven for 7 days @ 70°C



With the commissioning of a pilot plant latex irradiator in MINT, Malaysia can be
considered as the most advanced country in the development of RVNRL project. The pilot
plant latex irradiator is considered as a valuable extension to other facilities like high
energy EBM, low energy EBM, multi-purpose gamma irradiator and two portable gamma
irradiators.

There are many factors which contribute to the advancement of RVNRL project in
Malaysia. Among others these include the allocation of a substantial amount of R&D fund
for the project by the Malaysian government under the programme Intensification of
Research in the Priority Areas (IRPA). Besides that the other main factor which
considered as the main contributor to the progressive development of the project is the
participations from several related industries. Their roles may not be that significant but
are found effective and produces great impact to the advancement of the project.

RVNRL is currently used by one of the major gloves manufacturer in the country for the
production of examination gloves. The prospect of RVNRL is very promising, the only
factor which may retard its applications is the cost of its preparation. Further research into
the possibilty of reducing the production cost is important to assure of its global
applications in the latex based industries.

Conclusion

The progress on RVNRL project in the participating countries may be classified into three
main categories:

i. Semi commercial stage
India, Indonesia, Malaysia

11. Small scale services using multi-purpose irradiation plant
and R&D. Vietnam, Thailand, People's Republic of China,
Bangladesh, Philippines, Sri Lanka.

iii. No activity
Myanmar, Mongolia and Pakistan.

UNDP trust on the project i.e. to successfully commercialise RVNRL is almost completed.
Scale up RVNRL preparation is now possible. RVNRL pilot plants are now available in
Indonesia, India and Malaysia. The fourth plant is under construction in Thailand.
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RADIATION CROSSLINKING IN RCA REGION
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The effects of crosslinking on properties of polymers are increase in tensile

strength, modulus, heat resistance and chemical resistance. Reduction of the elongation at

break and melt viscosity are other effects of crosslinking. The advantages of radiation

crosslinking over chemically induced crosslinking are (1) rapid crosslinking, (2) ease of

control and (3) cost effectiveness.

The main chemical issue related to the radiation crosslinking is that of enhancing

the crosslinking and reducing the oxidative degradation during irradiation. Usually

polyfunctional monomers such 1,6-hexanediol diacrylate and trimethylopropane

triacrylate are used to enhance the crosslinking. For the reduction of the oxidative

degradation the high dose rate irradiation is effective. This is one of the reasons to use

electron beams for crosslinking.

Some countries in the region have crosslinking carried out at commercial scale

whereas others are as yet at the infancy stage of R&D. Here is an account of the status in

various countries in RCA region.

A) COUNTRIES CARRYING OUT COMMERCIAL
CROSSLINKING

JAPAN

In Japan, typical polymers those are crosslinked by radiation are PE, EVA, PP,

PVC, PVDF, NR, SBR, polyesters and polyamides. Table 1 summarizes main industrial

applications of radiation crosslinking and number of electron accelerators used for them.

Most of the radiation processed products are used in automobile and electronic appliances
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(TV sets, VTR, audio disc players, etc.) industries. For example, approximately 30 kg of

electric wire and cable crosslinked by radiation are used in automobile, (wire harness,

sensor cables, fusible wires etc.). About 12% of wires and cable used in the electronic

appliance industry are crosslinked by radiation

Table 1: Application field of radiation crosslinking in Japan. 1992.

No

1

2

3

4

5

6

Application field

Electric wire and cable

Polyolefin foams

Heat-shrinkable tube and sheet

Tire rubber sheet (tire component)

Radiation graft polymerization

Silicone Carbide fibers

Number of electron
• accelerators

53

• H
10

24

01

01

Polyolefin foams, especially polypropylene foams, are largely used for heat

insulator in automobile as shown in Fig. 1.

5.6% house furnishing

15.9%

automobile

Fig. 1: Application field of polypropylene foams produced by radiation



Heat shrinkable tubes and sheets are used for covers of distributing lines

terminals, joint covers of telecommunication lines, protection of fuel pipe line, wrapper

of foodstuffs and so on .

Four tire manufacturers are using electron accelerators for radiation crosslinking

of tire components. A tire is composed of numerous components such as tread, sidewall,

innerliner and body plies. These components must retain their shapes and dimensions

during construction and final vulcanization of the tire. The innerliner, for example, tends

to decrease in thickness and flow considerably, especially in the shoulder area of the tire

during these processes. Electron beam accelerator is used to crosslink partially these

components to increase their green strength and to decrease their surface tackiness. Table

II shows the effect of radiation on the reduction of innerliner thickness by construction

and subsequent vulcanization.

Table2: Effect of EB irradiation on innerliner thickness

Dose (kGy)

0

50

100

Initial thickness(Inch)

0.055

0.055

0.055

Final thickness(Inch)

0.037

0.042

0.049

Reduction(%)

33

24

11

The EB irradiated components are easier to mold and vulcanize. The advantages

of EB irradiation of tire components are as follows:

-fast production rate

-material reduction

-minimizing rejects

A plant for production of heat-resistant silicone carbide (SiC) fibers has been

constructed. The process consists of radiation crosslinking of polycarbosilane (PCS)

fibers and its heat treatment. PCS fibers are irradiated up to 10-15 MGy by a 2 MeV EB

under helium gas atmosphere, then the fibers are converted to SiC at high temperature
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(-1,800 °K ) in argon gas. The tensile strength and Young's modulus are 2.5 GPa and

250 GPa, respectively. This technology was transferred to a company through Research

& Development Cooperation of Japan.

KOREA

EB crosslinking of wire and cable has secured a foundation in Korea by several

factors which consisted of the growing market for crosslinked wire, the significant

amount of technology and information through IAEA/ RCA/ UNDP program and

cooperative research work between the company and research institute. At present, 6

electron beam accelerators in 4 electric wire/ cable companies have been in commercial

operations to make crosslinked wire and heat shrinkable tube since Gold Star Cable Co,

began its operation in 1985. Two tire companies have applied EB accelerators for the

curing of tire rubber sheet, crosslinked polyolefin foams are manufactured by EB process

at 2 companies.

At Gold Star Cable Co. Ltd., the following materials have been used for irradiated

crosslinked wire and cable insulation .

1) Polyethylene ( Containing ethylene co-polymer)

2) Flame Retardant Polyethylene

3) Poly vinyl Chloride Compound (PVC Compound.)

4) Polyvinylidene Fluoride ( PVDF )

5) Ethylene-Tetrafluoro Ethylene Co-Polymer

The major applications of irradiated crosslinked wire in Korea are in electronic

and electrical industries. The situation is same as in the other countries. Korean electronic

and electrical, industry has been increasing at 20-30% annual growth rate. Besides,

automobiles, product market is in very good condition both locally and internationally.

The growth rate of automobile industry is over 30% these days. This means that more

electron beam accelerators will be installed by wire and cable manufacturers in near

future in Korea. Tainan Electric Wire Co. installed electron accelerator in 1988.



Tables (3 and 4 ) respectively show the number of accelerators installed in Korea

and the quantity of irradiated items in Korea.

AUSTRALIA.

At least, two companies operate commercial EB lines for crosslinking in

Australia. These are: W. R. Grace and Co. and Pilon Plastics. At W.R. Grace and

company, a 660 KeV ICT (Insulated Core Transformer) accelerator manufactured by

High Voltage Engineering Corporation) was situated in Victoria and has been dedicated

to the production of heat-shrink film with production in the order of 1000's of tones

annually. However, this facility has been upgraded but no information has been released

by the company.

The Pilon Plastic facility, a 550 KeV Nissin high voltage accelerator with a

maximum beam current of 40 mA, is sited in Sydney and is dedicated to the production

of crosslinked polyethylene foam. Pilon Plastics is the leading Australian manufacturer of

various types of polyolefin closed cell foams and caters for customers in Australia, New

Zealand, Singapore, Indonesia, Malaysia, Thailand and Hong Kong .

CHINA

Radiation crosslinking is widely applied in China with heat shrinkable products

on the top in terms of product values. In 1995, about RMB 50 million (-USD 60 million)

of olefin heat shrinkable products were manufactured using radiation crosslinking.

Products are shipped from many small plastic plants to irradiation service units, where

they are bi-axially expanded using domestic expansion machines.

The production of wire and cable has been considerably increased in recent years

in China. There are many peroxide crosslinking lines set up at the cable works. However

medium size wire and cable factories prefer radiation crosslinking by using EB

processors. The production of radiation processed wire and cable increased from RMB

100 million in 1993 to RMB 300 million in 1995.



The growth of radiation crosslinking industry has promoted the demand for EB

accelerators. Since the first EB machine for industrial use was commissioned in Shanghai

in 1985, more than 40 industrial size EB processors have been set up in over 10 provinces

or municipalities in China. Some EB machines were imported, i.e. 5 from RDI, 2 from

Nissin and over 10 sets from Russia. However, the number of EB processors for
[41

crosslinking of wire insulation does not satisfy the domestic demands .

In table 5 are recorded the EB accelerarors installed in China also highlighting relatively

a large numbers of accelerators devoted to crosslinking of cable and wire (Table 6) .

MALAYSIA

At present there is only one commercial electron beem accelerator available for

crosslinking of manufactured heat resistant wires in Malaysia. The industrial unit is of

800 kV and 100 kW power. Malaysia also has an electron accelerator of 3.0 MeV and 90

kW power for research and development. This accelerator is being equipped with the
Tuo<?

necessary handling system for wire and cable and tube irradiation. Another commercial
V A / ? n

electron beam acceleratonfor crosslinking of packaging material is planned to be installed

and commissioned in Malaysia m-the near future: Y*'<* 0 Hy, m a ĉ cLufaTo \A\VCA r e a d y S.y. (

Malaysia is producing polypropylene, polythene and polyvinylchloride. Various *

applications of radiation crosslinking of plastics have great potential in Malaysia such as;

radiation crosslinkable wire and cable insulation, heat shrinkable tubes and plastic
[6]

moulded products .

B) COUNTRIES ENGAGED TN R&D WORK ON
CROSSLINKING

INDONESIA

An electron beam facility GJ-2 was installed in Jakarta ( 2 MeV, 10 mA ) for the

crosslinking of cable and wire insulation (pilot scale ) and also for multipurpose R&D.
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According to a survey, there are several wire and cable manufacturers in Indonesia and

some are enlisted in table 7. The demand of crosslinked wire and cable is estimated to be

very large in near future due to the growing industrial activities in the field of electronics

and electricity. About 123 electronic industries are available in Indonesia demonstrating

great potential for the application of radiation crosslinked thin wire .

TNDIA
[8]

In the country statement ., there is only a record of the use of irradiator at

Shriram Institute for the development of PVC compounds which may be crosslinked by

irradiation for wire and cable industry. Electron beam at BARC has been used for the

development of heat shrinkable plastics and PE rings which can withstand temperature

upto 180°C

PAKISTAN

i) Development of Indigenous Formulation for Insulation of Radiation Resistant
Fire Retardant Thin Wire: Technology Transfer.

Formulations for the fire retardant and radiation resistant insulation of thin wires

insulation based on PE and PVC have been indigenously developed. Quality control tests

of PE based free retardant wires e.g. hot set, high voltage , tensile strength , elongation to

rupture and flammability tests have demonstrated that insulations meet the requirements

of IEC 502 standards. Radiation resistance wires are being tested by elevated doses of

gamma rays .Laboratory is in a position to transfer the technology to other

laboratories in the region particularly those which do not have EB facility and wish

to demonstrate to industry the viability of radiation process in preference to heat

and chemicals induced crosslinking process. This is because one of the problems

encountered in developing new applications is that of relating experimental results

to a production situation . Because of high cost evaluating experimental material on



production equipment studies have been made on the suitability of a gamma

radiation source bv a batch process .

ii) Development of Radiation Compatible Formulation for Syringes. Vials to be
Radiation Sterilised.

Development of discolouration and short shelf life of syringes for packaging of

Pharmaceuticals to be radiation sterilized is a strong disincentive towards the adoption of;

radiation sterilization process in preference to EtO and autoclaving technique . Hindered \

amines are being tested for their comparative stabilisation influance with phenolic :

antioxidants already tested in the laboratory. Alternative approaches to produce radiation I

compatible material involve use of copolymers of DPE with other elastomers such as '

EVA. Other laboratories encountering similar difficulties can benefit from the experties

developed at Polymers Processing and Radiation Technology Laboratory at PINSTECH .

Pakistan Telecommunication Corporation has a demand for heat shrinkable kits

for cable and wire. Local firms have demonstrated interest in irradiation of heat

shrinkable kits fabricated by a Korean Company. We plan to develop formulations

indigenously so as to cut down drain on foreign exchange.

C) COUNTRIES AT THE TNITTAL STAGES OF
BUILDING INFRASTRUCTURE

Undoubtedly, quite promising efforts must be underway for the sustained R&D

activity in the disciplines of 'Radiation Crosslinking' in the other countries of the region

namely Bangladesh, Philippine, Singapore, Vietnam, Nepal, Mongolia, Sari Lanka,

However, as the R&D work is as yet of rudimentary nature, the recorded overviews/

statements presented at various NCMs do not spell out clearly the magnitude of efforts or

success achieved in the field of crosslinking

A chief impediment in the way of any initiation of any serious activity could be

due to lack of availability of an Electron Beam facility. The other factors contributing to

Aft



the prevalent inertia could originate from lack of existence of any well-developed

electrical and electronic industry in the respective countries, which could hamper the

pursuance of studies in the field of crosslinking of cable and wire and heat shrinkable

industry.

Use of Cable-60 as Irradiation Source

One of the problem encountered in developing new application in countries

referred to earlier is that of relating experimental results to a production situation using

highly capital intensive Electron Beam. Because of the high cost of evaluating

experimental materials on production equipment within country or abroad studies in

PINSTECH (Pakistan) have been on the suitability of gamma irradiation source by a

batch process. Whilst the work is not yet completed, experiments performed have

indicated that using special procedures a crosslinkable PVC or PE compound

(formulation) achieves the same degree of crosslinking and have similar properties to

those achieved from a high speed passage through an EB machine.

Towards the end, the delegation from Pakistan would like to thank RCA,

UNDP, IAEA and Japanese authorities for organising a successful meeting and for

kindly extending invitation to Pakistan. In particular, Pakistan delegation is much

indebted to Dr. Sueo Machi, Deputy Director General for effectively helping the

projects being done under this programme and according personal guidance to

make such meetings a success. Finally, Pakistan would present its heartist

compliments to K. Makuuchi for ensuring that the programme runs smoothly.
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TABLE 5=RADIAT10N ACCELERATORS WITH OVER 1000 WATTS

1.

Organizations

Nuclear Academy of

China

Type

High-voltage
dupler

Energy
(MeV)

0.5

Current
(mA)

6

Producers

Self

2 Beijing Combination Resonator
Company of Radiation single-chamber

10 Russian

3. Beijing Instilute of Electronic
Mechanical Automation Shutter

0.2 15 Self

A. Tianjing Cable Works High-frequency
high-vollage

5. Radiation Protection Resonator
Academy of China single-chamber

6. Shenyan Special Cable High-frequency
Works high-voltage

1.5

2.5

10

30

10

Shanghai

Russian

Shanghai

7. Lyaoyuan Cable Works Resonator
single-chamber

2.5 20 Russian

8. Changchun Applied
Chemistry Institute.
Academy Sinica

Insulator-core
transformer

20 Russian

9. Jinlin Institute of
Radiation Chemistry

Insulator-core
transformer

1.5 10 Shanghai

10. Jinlin Instiiute of
Radiation Chemistry

High-frequency
high-vollage

USA

11. Shanghai Radiation Resonator
Centre single-chamber

20 Russian

' Shanghai University - Four universities including Shanghai University of Science and
Technology were united as one. Shanghai University (Jiading Campus) - former Shanghai-
University of Science and Technology.

A7Z



12. Shanghai University
(Jiading Campus)"

13. Shanghai University
(Jiading Campus)'

14. Fengqiao Radiated
Producis Plant in
Suzhou

Insulator-core
transformer

Insulator-core
transformer

Insulalor-core
transformer

0.3

0.3

30

20

30

Shanghai

Shanghai

Beijing

15. Changshu Cable Works High-frequency 2.5
high-voltage

16. Yantai Electric Cable High-frequency 2.5
Factory high-voltage

17. Shanghai Electric Cable High-frequency 2.5
Factory high-voltage

18. Shanghai Electric Cable High-frequency 2
Factory high voltage

30

30

30

10

Beijing

Beijing

USA

Shanghai

19. Jianxi Electric Cable High-frequency
Factory high-voltage

20. Shenzhen Changyuan Insulalor-core
Heat Shrinking Works transformer

21. Southwest Institute of Middle-
Nuclear Physics and frequency
Chemistry dupler

10

20

10

Shanghai

Russian

Japan

2. Sichuan University High-vollage
dupler

0.4

23. Chengdu Electric Cable High-frequency
Factory-Shuang Branch high-voltage

?A. Sichuang Eleclric Cable High-frequency
Factory high-voltage

10

10

Sichuan

Shanghai

Shanghai

Av*



25. Kunmin Electric Cable High-frequency
Factory high-vollage

2.5

26. Xian Electric Wire
General Factory

High-frequency
high-vollage

27. Tianshui Electric Cable Insulalor-core
Factory transformer

2.2

20

30

25

Beijing

USA

Russian

Total power
928 KW

TABLE &RADIATION PROCESSING IN 1993

[FROM PANG SHUI-MIAO. NATIONAL SCIENTIFIC COMMISSION. 1994)

PROCESSING PRODUCT VALUE
(Million US$)

Thermal radiation shrinking materials, radiation
crosslinking in wire and cable and adhesion
reagents at low temperature

Radiation crosslinking in wire and cable

30

10



Table 7: Wire and Cable Manufactures in Indonesia

No.

1.

2.

3.

4.

5.

G.

7.

8.

9.

10.

11 .

]?.

13.

M.

Name of Company

PT. Kabelindo Murni

PT. Kabel Metal Indonesia

PT. Suraco

PT. Terang Kita

PT.Indotri Jaya Industries

PT. Iki Indah Kabel
Indonesia

PT. Jumbo Cable Company

PT. Nikkatsu Electric Work

PT. Sinar Merbabu

PT. Voksel Electric

PT. Ja.yako Murni Abadi

PT. Nono Delta

PT. Phenolic Prima

PT. Puji Tjahaya

Typical Product

Electronic wire & cable
Telephone cable

Electriical wire & cable
Telephone cable

Telephone cable

Electronic wire & cable
Telephone cable

Telecome cable

PVC power cable
Telecome cable
Medium voltage cable

Telephone cable

Electronic wire & cable
Telecommunication cable
Electronical cable
Automobile cable

Telecommunication cable

Electrical cable

Electrical cable

Electrical cable

Electrical cable

Electrical cable

Total capacity

Anua 1
Production

(Metric tone)

4100

3800

1200

7400

100

770

1450

500

2400

600

840

1000

885

1000

26800 tones
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INDUSTRIAL RADIATION STERILIZATION
IN RCA MEMBER STATES

Mirzan T. Razzak
National Atomic Energy Agency

Jakarta - Indonesia

INTRODUCTION

Industrial radiation sterilization in RCA member states is overviewed.
The gamma irradiation plant is listed and the regulations aspect is discussed.

INDUSTRIAL STERILIZATION PLANTS

Table 1 shows a list of industrial radiation sterilization plant that is
available in RCA member states. Only 10 (ten) countries are classified have
industrial radiation plant. Other 4 (six) countries i.e. Vietnam, Bangladesh,
Philippines and Srilanka, are recognized as the countries who have pilot
scale or laboratory irradiation facility. Where other 2 (two) countries i.e.
Myanmar and Mongolia have not irradiation facility yet.

Mostly RCA member states have also several laboratory scale or pilot
plant scale irradiator besides the industrial radiation sterilization plant as
d escribed in Table 1. For example Australia has irradiation facility at
ANSTO for Research and Development. Also Japan has many gamma rays
irradiation facilities in JAERI and some Universities such as Tokyo
University, Tsukuba University, Kyoto University etc.

China is other example, has several gamma rays irradiation facilities
as shown in Table 2. Details gamma irradiation in Malaysia, Indonesia and
India are shown in Table 3, Table 4 and Table 5 respectively.

Tabel 1. Industrial Radiation Sterilization Plant in RCA member states.

No.

1.

Country

Australia

Company/
Plant maker

Steritech

Steritech

Plant
Location

Dandenong,
Victoria
Wetheril
Park,
Sydney

Source
Design
Capacity
(kCi)

1500

Current
Source
(kCi)

1000

Commer
cial
Opera-
tion
(year)

1959

Purpose

Contract

Contract

Item example be
irradiated

Petridish,
packaging
materials, wine
cork



No.

2.

3.

4.

5.

6.

7.

8.

9

10

M

Country

Japan

Malaysia

Singapore

Korea

Thailand

Indonesia

China

India

Pakistan

SWJuuka

Company/
Plant maker

Radia
Radia
Koka
Radioisotope
JMS
Nissho
Teromoto
AsahiMed

ANSELL
(Nordion)
MINT
(Nordion)
Uniphoenix
(Nordion)

Bexter
Healthcore

Green Pea,r
Tech.

KendaL
Gamma tron
Company,
Ltd. Ward*

Indogama
(6> A)

Suiza r
(SVVJSS)

Isomed

- "R ft v l

PARAS

Plant
Location

GunmOt

Shiga

Hiroshima
Akita
Yamanashi
Ohita

Malaka

Bangi

Rawang

Singapore

Bekasi,
Jakarta

Shenzen

Beijing

Bombay
Banglore

Delhi

H Vn

Lahore

CcU^W

Source
Design
Capacity
(kCi)

1000
2000
2000

6000
3000
6000
1500

4000

2000

8000

4500

<(000

to

3000

4000

1000

Atco
jco

2>00

5oo

200

Current
Source
(kCi)

500
1200
1200

800
1100
5000

600

1200

1300

2000

3500

458

200

300

4000

500

h'&

160

AlfiC

Commer
cial
Opera-
tion
(year)

1972
1984
1987

1987
1988
1988
1988

1977

1989

1993

1978

198?

1990

1989

1974

ms
AW

1993

Purpose

Contract
Contract
Contract

In House
In House
In House
In House

In House

Contract

Contra."

InHouse
and
Contract

Contract/
Service

Service/co
ntract

Contract

Contract/
Service

Service
Contract

Contract/
Service

Contract

Item example
be irradiated

hypodermic
needles.
hypodermic
syringes.
surgical knifes,
scarpels and
cathethers.

Surgical rubber
gloves, surgical
gown and
dressing set.
catheter,
condom, plastic
battles,
petri dishes.

Blood transfer,
intravenous set,
Latex gloves.
syringes and
needles

Surgical gloves,
needles,
bandage, blood
bag, vial mud
and Chinese
herb.

Medical and
phamaceutical
product.

Soft contact
lenses, artilicial
skin.

Surgical
Dressing,
Cotton,
gloves blades.
disposable %-f''^
infusion and
transfusion
assemblies.
catheters,
pharmaceutical
containers

Syringes, vials



Table 2. Co-60 Source with over 105 Curies in China

DESIGN CAPAOTY SETS LOCATION

(10000 Curies)

400

IDL

Shenzhen

Qingdoo

Beijing. Guangzhou

Daqing

Beijing. Ticnjin, SniiiczftC'3

Herbin, Dolicn. Lcnzhou

Changshu. Zhenzhot-. Crdgs<ua

Chengdu. Wuhan, Naking.

Shanghai. Hangzhou. Chcngchj

Dandong. Zhangzhcj. Wsifcci,

Baoji.

23.3 MCuries

Beijing.

Hangzhou. Jian'ou. J:nan.

Taian. Chongqin, Dicnjicrg.

Xi'an.

Changchun, Xicnyc^g.

Wulumuqi.

Beijing, Heroin, Shc'ghO'

Hefei. Zhenzr.ou. G j : ~ g : r ; .

Nanning. Chengdu, '•'ioi."

North ;6], N^rih Ecs; ?}.

Easi(^), Cer.ia-Sz-j-r,;?'



Table 3. The Radiation Processing Facilities in Malaysia Comprise The
Following:

! YDS

(Mfr.)

Gamma Plant
(Nordion)

Gamma Plant
(Nordion)

1 Gamnra Plant
(Nordion)

Gamma Cell
(Nordion)

Gamrr.a Cell
j (3ARC-
I Borr.oay)

I 5-Eeam
! Accel
i (Nissin-

Maximum
Capacity (MCi
or iV.eV/mA)

4

2

n

0.02

•

0.0;

3/30

Current
Loading

{MCi)

2

1.3

2

0.0015

0.002

I n/'s

Owner

Ansell,
Melaka,

1977

MINT,
Bangi, 1989

Unip'noenix,
Rav/ang,

1994

UKM, Bangi

MINT, Bangi

Mi .NT.
Bangi, 1S91

i

Remarks 1;

Surgical :
Gloves

Mainly
gioves

c.,--;--!

gicves '

R5;D :

t ™*" ~~

i

Crcss-!ir..-;ing

z-ieam
Acce!

(Nissin-
Japan)

Q / 1. d/ !
I

.~ya •_'C33-:ir k ing

j Interconnect \
Products, '

Joho Baru,
1994



Table 4. Gamma Rays Co-60 Irradiator in Indonesia

No

1

2.

3.

4.

5.

N a m e

Gan™ Cell 220

AECL

IRPASENA

OARC

IRKA

RCA

INDOGAMMA

AEC

Gamma Chamber 400

BARC

Location

PAIR-BATAN

Jakarta

PAIR-BATAN

Jakarta

PAIR-BATAN

Jakarta

Bekasi

Jabar

PAIR-BATAN

Jakarta

O.vncr

Govt

Govt.

Govt

Private

company

Govt

Start
opera
tion
(year)

1968

1979

1983

1990

1994

Present
Co-60

Source
Activity

1000 Ci

70000 C1

140000 Ci

300000 Ci

10000 Ci

Estimate
investment

(US J)

10.000

100.000

1.000.000

5.000.000

40.000

Application

R&0

R&D Ster.

Food Irrad.

RVNRL pilot

Sterili-

zation

R&D



Table 5. Details of Gamma Irradiators in India

Sr. Location cf Co-60 strength in KG Year of Coinmis- Major programmes Remarks
No. Irradiator Designed Current sioning

3 -

FIPLY.FT&EED, 100
P. ARC. Bombay

PANBIT. BARC 100
Bombay

ISOMED, BRIT 1000
Bombay

Western India
Plywoods Ltd..
Cannanore

5CTMC.
Trivandrum

NRL. Srinagar

SARC Plant,
Delhi

RAsilMI.
"angalore

100

i 00

100

300

300

SHR1 Facility, 500
Baroda

Hi KVNitL, The 100
Rubber Hoard,
Kottavam

60

12

450

20

19

40

24!)

124

1967

1973

1974

1977

11 RAVI, Defence
Research Labs.

500 83

\9SJ>

19S6

: 9S.s

I9S9

1993

1994

Food irradiation
research

Research

Sterilization of
medical products

WPC preparation

Sicri'ization of
medical products

Research

Sterilization of
medical products

Wet storage
continuous

Wet storage
continuous

Dry storage
continuous

Dry storage
Batch type

-co-

-do-

Wei storn^c
contirrj-JS

-do-

Sluilge
hygietiisntion

N'ulcaniralion
of latex rubber

Sterilization,
Research

-do-

Dry, self-
shielded
batch type

Wet stor?.2s
batch type

-do-



Table 6. shows some characteristic of gamma rays irradiation that are
available in Bangladesh, Srilanka, Vietnam and Philippines.

Table 6. Gamma irradiators in other 6 member states

NO.

1.

2.

3.

4.

5.

6.

COUNTRY

Bangladesh

Bangladesh

Vietnam

Phillipines

Srilanka

Name of

Facilities

Gamma
Tech.

Institute
Food

INST

NRI

-Gamma
Beam
651 FT
(Nordion)

L Gamma
cell

Location

Chitta-
gong

Savar

Hanoi

Dalat

PNRI
Manila

Uc

RIC
Univ.Col
ombo
eic

Year

1993

1983

1989

A9.SS

Current
Loading

kCi

60

20

100

10

450

500

10

$

45C

Type

Dry
storage

Dry
storage

Dry
storage

Wet
storage

Dry
storage

ore

Wet- sfcwiijt

Remarks

multi
purpose

steriliza-
tion tissue
studies
tissue graft,
pharma-
ceutical
raw
materials
R&D

multi
purpose

multi
purpose

R&D

tccd, ^W

REGULATION ASPECTS

Regulation aspect becomes very important in the successful program
of industrial Radiation Sterilization.

It was recognized that only Japan and Australia have a very good
regulation as well as good manufacturing Practice (GMP) and Good
radiation Practice (GRP).

Other RCA member states seem to be lack in this regulation aspect.
Probably this is one reason that the technology does not yet gain a significant
growth in that RCA member states. Eventhough the regulation has been
established but the implementation still difficult due to the lack of infra
structure as well as lack in factory of medical products.



A clearly example is Indonesia, although during the project, at least
three guideline regulations have been established i.e.:

1. Guideline of radiation safety at irradiation facility (1993)
2. Good radiation practice for healthcare product (1994)
3. Quality Assurance procedure of radiation facility (1995).
but in fact the implementations of the guideline could not smoothly met the
economic growth.

There are no manufacture could be able to produce an adequate
amount of medical and pharmaceutical products in Indonesia, in addition, ETO
technique s t i l l occupied Indonesian market remarkably.

Based on Indonesia experience, the harmonization of regulation and
the global effort to push the implementation of Radiation sterilization
technique as well as the availability of product to be irradiated become very
important issue to accelerate successfully the utilization of radiation technology
in the Region.

REFERENCE

1. The Second Meeting of National Coordinator for Radiation Technology,
Hochimin City, Vietnam, 21 - 25 Nov. 1994.

2. The Third Meeting of National Coordinator for Radiation Technology,
Bangkok, Thailand, 11 - 16 Dec. 1995.

3. Midterm Review Mission, Report, IAEA/ UNDP/RAS/92/073 - 02,
IAEA, Vienna, 26 - 27 March, 1995.
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Conclusions:

The industrial radiation sterilization project is the most
successful program in RCA Member States.

During the last 3 years at least 3 gamma industrial radiation
sterilization facilities were established in RCA Member States,
i.e. in Malaysia (1993), India (1994), and Sri Lanka (1994).

The progress of this field may be classified into 3 categories:

1. Commercial stage:

Bangladesh, China, India, Indonesia, Republic of Korea,
Malaysia, Pakistan, Sri Lanka, Thailand and Singapore.

2. Small-scale services:

Philippines and Viet Nam

3. No activity or research in laboratory scale:

Myanmar and Mongolia.

It was recognized that the regulations aspect should get
attention, especially to harmonize the regulations among the RCA
Member States as well as between RCA Member States and developed
countries in order to achieve mutual achievement in the future
economic globalizations.

Future : Importance on harmonization.



OUTPUT TOPICS AND ACTIVITY AREAS

Annex 17

Output Topic

Drinking and Other Water
Resources

Marine and Coastal Environment

Cleaner Industrial Production

Urban Air Pollution

Quality Control

Technological and Information
Systems

Linkages with End-Users

Activity Areas

Water Resource Assessment
Intrusion of Salinity
Contamination by industry, municipal and other waste
Siting of Landfills

Off-shore effluents
Effects of coastal engineering works
Monitoring of Radionuclides
Sources, fate and migration of radionuclidc and chemical
contaminants !

1,

Process efficiency through use of tracers and NCS |j
Product quality and international standards B
Waste reduction and re-ulili^iion

Accurate measurements :
Assessments of trends \
Information on iransboundary movement of paniculate j
matter ii

ii
ji

Introduction of ISO Standards/
Harmonization of Standards for Radiation Industries I

Regional Resource Units j|
On-line Information Networking

Informauon and technological exchange with key industry,
policy, science and NGO representatives
Joint planning and joint projects
Distance Learning Materials for Occupational Health "
Guidelines for Environmental Research Uses

- 1 -



Subject: PFF for the new UNDP/RCA/IAEA Project on Better Management of the

Environment Natural Resources and Industrial Growth through Isotope and Radiation

Technology.

as of 16 October 1996

©
©

<§>

©
@
&
(3)
&

COUNTRY

Sri Lanka

Indonesia

Myanmar

Thailand

Philippines

Pakistan

Republic of Korea

Malaysia

Bangladesh

China

New Zealand

Japan

Myanmar

Mongolia

DATE OF LETTER -

SUPPORTING THE

PROJECT

17 July 1996

18 July 1996

31 July 1996

15 August 1996

23 August 1996

8 September 1996

17 September 1996

30 September 1996

3 October 1996

11 October 1996

14 October 1996

16 October 1996

16 October 1996

17 October 1996

- 2 -



INTERNATIONAL ATOMIC ENERGY AGENCY
AGENCE INTERNATIONALE DE L^ENERGIE ATOMIQUE

MEWflyHAPOHHOE ATEHTCTBO 110 ATOMHOfi 3HEPrHH
ORGANISMO INTERNACIONAL DE ENERGIA ATOMICA

WAGRAMERSTRASSE 5. P.O. BOX 100, A-1400 VIENNA, AUSTRIA
TELEX: 1-12645, CABLE: INATOM VIENNA, FACSIMILE: (+43 1) 20607, TELEPHONE: (+43 1) 2060

i»^=cXJ \ D l A L DIRECTLY TO EXTENSION:
PRIERE DE RAPPELER LA REFERENCE: COMPOSER DIRECTtMENT LE NUMERO DE POSTE:

Subject: Duty Travel to Bangkok, Thailand, 18-22 October 1996

The main objective of the mission was achieved as UNDP committed themselves, under certain
conditions, to a new joint RCA/UNDP/IAEA project. At the inter-agency meeting, whiqh was
attended by about 20 specialized agencies and funds of the UN system, UNDP acknowledged the
success of the RCA among the regional programmes of the fifth inter-country programme cycle and its
viability as an implementing mechanism for UNDP projects. Subsequently, in bilateral discussions with
UNDP, the Regional Programme and Policy Division (RPPD) agreed that the proposal fitted into
priority area number II of the Regional Co-operation Framework (see annex 2), that the required
"regionality" existed and that there was enough support among governments in the region to justify
UNDP involvement.

However, RPPD also made clear that they expected that at least one of the major donors would
channel its contribution to the joint project through UNDP accounts as a "cost-sharing contribution".
Though the reason given for this request (or requirement) was efficient budget management, it is well
known that it is one of the main aims of UNDP to generate cost-sharing as a means to demonstrate the
impact of their programmes. The RCA office has initiated a dialogue to investigate whether a part of
the donor contribution to the joint project could be routed through UNDP. The outcome of these
discussions is expected by the end of November. With this issue resolved, UNDP is prepared to let the
Agency commit against the new technical support resources (see Mr. Lodding's September mission to
New York) and other programme formulation facilities to get detailed project formulation underway.
In financial terms, UNDP offered to contribute US $ 600,000 per year or US $ 3,000,000 over the
next five years, plus programme formulation funds. This amount would exceed somewhat UNDP's
contribution to the present phase.

Recommendations

Informal talks have already been initiated by the RCA Office to reach a cost-sharing arrangement
which would strengthen the chances of ensuring UNDP participation in the programme. As soon as
mutually satisfactory arrangements have been reached, UNDP technical support financing should be
sought for sub-project formulation meetings using RCA procedures.

o



NEW JOINT UNDP/IAEA/RCA PROJECT
RAS/8/0 76 ' 'Better Management of Environment and Industrial Growth

1. Rough Budget (Million US Dollars)
1997 1998 1999

UNDP 0.6+0.3 0.6 0.6
Note:0.3 for project formulation

Agency 0.1518 0.149265 0.29943
RCA 0.3 0.363 (Japanese fund)

0.242 (Australia funds expected)

2. Sub-themes
There are seven sub-themes planned to perform.

(7-1) Drinking water
* No proposal to date

(7-2) Marine coastal environment
* Activities in RAS/8/073 will be continued here.
*Dr. Aleta is proposing a project for algae toxin. Prof. Djaloeis mentioned
a project about the strait of Malacca pollution

* Application of Nuclear Modeling Techniques to Sustainable Development
in Coastal Zone(Australia fund, No budget is shown now)

(7-3) Air pollution
*In October DDG Machi mentioned that Mr.Parr(T.O) would make a
proposal in form of CRP

(7-4) Cleaner production processes
*Kume, Japan proposed " Upgrading of Cellulosic Agro-waste to Useful

Products "
1997 1998 1999 2000 2001
0.06 0.09 0.22 0.27 0.22

(7-5) Electric networking capability
*Atieh, Agency proposing a project

(7-6) Improved awareness
* No proposal to date

(7-7) Safe -radiation - practices for end-users
* Australia is proposing "Strengthening Radiation Protection Infrastructure
for End-users" , Here 0.242MS extra-budgetary funds expected.

3. Project Formulation Meeting
March or April 1997



Annex 18

New UNDP/RCA/IAEA Project Proposal
- Joint Proposal from Malaysia and Japan

Sub-component in Output 2.3 (Project Document p.26)

TITLE : Upgrading of Cellulosic Agro-wastes to Useful Products

The objective is to establish a technology for upgrading of cellulosic wastes to

animal feeds or other useful products through the fermentation with micro-organisms and

to carry out a pilot plant for an chosen cellulosic agro-waste in the region as a Model

Project Radiation pasteurization is used as one of the key techniques in the process.

For the first 2 year period, a feasibility study will be needed to select a candidate cellulosic

agro-waste for the Model Project.

A pilot scale plant which is composed of an irradiation facility such as electron-

beam accelerator or Co-60 gamma ray sources and a fermentation facility is constructed

and operated in a Member State (or the facility of Malaysian Institute for Nuclear

Technology Research will be used). Trainees from any Member States will participate in

the design and construction of the plant and the analysis of the result as an on the job

training. It is expected that the future possibility for a commercial scale plant is

confirmed by the cost analysis and the experts in this field are brought up to implement

their own projects. This subject should be partly covered by the UNDP fund.

BACKGROUND : A large quantity of cellulosic agricultural wastes or by-products like

sugar cane bagasse, rice straw, etc. are produced not only in the region but through out

the world. It has been estimated that 2 billion ton of cereal straw, 500 million ton of

leguminous crop residues, 200 million ton of sugar cane bagasse and 300 million cubic

meter of forest residues are cultivated and great deal of them becomes wastes.

If these wastes are upgraded by nuclear technology into useful end-products the

technology may be a potential solution to the demands of the environmental pollution.

One of the ideas is to change them into animal feeds. The point to be solved is the high

content of lignin which animal cannot digesL The forest biomass contains 40-60%

cellulose, 10-25% hemicellulose, and 13-18% lignin; the agricultural wastes contain 30-

45% cellulose, 16-29% hemicellulose and 3-13% lignin. It is required to decrease the

lignin content and increase the digestibility of cellulosic wastes to use as ruminant feeds.

The fermentation needs the sterilization process which is very efficiently carried out by

radiation technology.

There has been an excellent example of this process in the region. The

treatment of oil palm waste is becoming important because the palm oil industry is

rapidly expanding in Asia. For example, about 3 million ton of empty fruit bunch (EFB)



and palm press fiber (PPF) have been produced every year in Malaysia. Then, there

evolves a national concern on the pollution of the oil palm waste. At present most of the

waste is incinerated, which causes a serious pollution near the site of furnace.

The research co-operation between the Malaysian Institute for Nuclear

Technology Research and the Japan Atomic Energy Research Institute has been carried

out for utilizing this potentially useful cellulosic waste by upgrading with nuclear

technology. The process is composed as follows:

1) to cut EFB sample to the length of 2-3 cm

2) to add inorganic nutrients or rice bran and adjust moisture content

3) to pasteurize or sterilize the fermentation media by irradiation

4) to inoculate useful microorganisms

5) to ferment the EFB into animal feeds and mushrooms

The product was proved to be a good feed for ruminants with a byproduct of mushroom.

OBJECTIVES : To carry out a Model Project for upgrading of cellulosic wastes such as

bagasse, oil palm, etc. to animal feeds or other useful products such as foods (i.e.

mushroom, single cell protein) and medicine (i.e. antitumor or anticancer substances,

enzymes) by the fermentation with microorganisms after the radiation pasteurization or

sterilization.

WORKPLAN : One of the agro-wastes in the region such as bagasse will be chosen as a

candidate raw material for the project. A fundamental research work to fermentate this

waste material into ruminant feed will be studied through the regional training activities.

A pilot scale plant for upgrading of oil palm wastes has been installed in 1996 at

Malaysian Institute for Nuclear Technology Research (MINT) in order to utilize the oil

palm wastes. The plants consist of irradiators (3MeV electron beam accelerator and 60Co

gamma-ray irradiation facility) and a fermentation facility. The producing capacity of the

plant is 10 ton / month of ruminant animal feeds.

A pilot scale study will be performed using this plant in MINT as a model project.

The participants from Member States will gain the fundamental knowledge which is

useful for introducing a plant for upgrading agro-wastes in their own countries to produce

animal feeds or other useful products through the function of microorganisms. The pilot

plant in MINT is expected to work as a center of excellence in the region.

Information Exchange Meeting (IEM:$30,000)

- to discuss for the visit plan of specialists to survey a useful agro-wastes in the



region.

Visit of Specialists -1 (VS: $30,000)

- to survey the potential of agrowastes causing the environmental pollution in the

region for the project

Regional Seminars and Workshops (RS&RW: $60,000)

- to provide lectures on the radiation treatment of agro-wastes and the following

fermentation process.

Expert Advisory Group Meeting (EAGM:$ 30,000)

- to select one candidate raw agro-waste and decide the site in the region for the

joint work using a pilot plant.

Visit of Specialists -2 (VS: $30,000)

- to design the pilot plant under the co-operation with the relevant Government.

Regional Training Course-1 (RTC: $40,000)

- to study the design and operation of the pilot plant.

International Symposium (IS: $80,000))

- to exchange the information and discuss the development on the agro-waste

treatments.

Regional Training Course-2 (RTC: $40,000)

- to study the operation of the pilot plant and the analysis of data.

Regional Training Course-3 (RTC: $40,000)

- to study the analysis of data and cost evaluation.

Expert Advisory Group Meeting -2 (EAGM:$ 30,000)

- to evaluate the process of pilot plant and cost evaluation.

TIME SCHEDULE:

1. Feasibility study

Subject

Meeting

Budget
(US thousand $)

1997

Survey

IEM

VS-1

60

1998

Selection of item

and site

RS&RW

EAGM

90



2. Pilot plant study

Pilot plant

Meeting

Budget

(US thousand $)

1999

Fundamental

research work

VS-2

RTC-1

220*

2000

Pilot plant

operation

IS

RTC-2

270*

2001

Operation and

evaluation

RTC-3

EAGM-2

220*

Including the operation cost for pilot plant ($150,000)



Oil Palm Production in Malaysia

Year

1970

1980

1986

1987

1988

1989

Cultivated area
(x lOOOha)

291

1043

1599

1672

1786

1951

Crude oil
(x lOOOt)

431

2573

4544

4800

5030

6050

PPF*
(x lOOOt)

1210

2220

2220

2330

2800

**
EFB

(x lOOOt)

1360

2400

2540

2660

3200

* Palm Press Fibre

** Empty Fruit Bunch Calculated at 53% of Crude Oil



Process of Palm Oil Production

Oil palm fruit

Steam treatment

Empty fruit bunch

-•'^m.

Palm press fib#r



Process for Upgrading of Oil Palm Wastes by Radiation
and Fermentation Treatment

Inorganic nitrogen,]

rice bran, etc.

Useful microorganisms

Irradiation

, Fermentation

K5 jOT Animal feeds

Mushrooms!



Chemical Components of Empty Fruit Bunch

21.7%

22.4%

•i ^'i[>i

Unirradiated

21.8%

25.1%

*&^9H & »«

* ' 1

Lignin

Hemicellulose

Cellulose

Extracts in hot water

Extracts in alcohol-benzene

50kGy



total aerobic bacteria

O

o

0 152 A 6 8 10
Dose (kGy)

Decrease in number of microorganisms contaminating: in
EFB by irradiation

A5\



Cellulosic Components in EFB

Samples

EFB, c o n t r o l
EFB, 10 kGy
PPF, c o n t r o l
PPF, 10 kGy
Bagasse
Fermented EFB

Crude f i b e r
(%)

4 5 . 7
44.7
4 1 . 9
4 3 . 1
3 9 , 2
4 2 . 6

NDF*
(%)

7 9 . 9
8 0 . 2
8 5 . 2
8 5 . 2
7 8 . 8
6 0 . 2

ADF**
(%)

6 1 . 1
6 0 . 4
6 4 . 5
6 3 . 6
5 6 . 3
4 9 . 7

Hemicellulose
(%

(18
(19
(20
(21
(22
(10

.8)

.8)

.4)

.6)

.5)

.5)

Lignin
(

(15
(15
(22
(20
(14
( 7

%)

• 4)
.7)
.9)
.5)
.0)
.1)

* Neutral detergent fiber, ** Acid detergent fiber,



Annex 19

RCA PROJECTS in 1997/1998

1. Carry Over

2. New ;

Total

(1995/1996 Projects)

3. Closure

RAS

5

9

14

\ 16

10

CRP

1

4

5

3

2

, A



RCA PROJECTS TO BE CARRIED OVER
-5 RAS+ 1 CRP Project

No. Project Title

I. RCA

( l)RAS/0/022

(2)RAS/0/021

( 3)RAS/0/023

(4)RAS/9/018
(RAS/9/006)

( 5)RAS/0/025
(RAS/0/015)

n. CRP

(6)E1.20.14

Public Acceptance and Trade in Irradiated Foods

Nuclear Power Planning

Energy, Electricity & Nuclear Power Planning

Radiation Protection Infrastructure (Phase III)

Development of TCDC in Asia and the Pacific(Phase II)

Evaluation of Radioactive Iodine Therapy for Hyperthyroidism

-2 -



RCA PROJECTS TO BE CARRIED OVER
As of Nov. 1996
-5 RAS+ 1 CRP Project

I. RCA

AGRICULTURE
(1) 96=RAS/0/022, " Public acceptance and trade in irradiated foods(1995)"

where (1995) means this project initiated from the year of 1995
97=RAS/0/022, " Public acceptance and trade in irradiated foods(1995) "

0.065MS, Extra-budgetary funding expected from Japan
1997
0.065MS

INDUSTRY & ENVIRONMENT
None

ENERGY
( 2) 96=RAS/0/021, " Nuclear power planning (1995)"

97=RAS/0/021, " Nuclear power planning ", continued
1997 1998
0.3069 0.2744, O.O58MS to be funded by Republic of Korea

( 3) 96=RAS/0/023, " Energy, electricity & nuclear power planning (1995)"
97=RAS/0/023, " Energy, electricity and nuclear power planning ", continued

1997 1998
0.1526 0.118365
0.271M$, Funded by Agency(IAEA)

HEALTH
None

RADIATION PROTECTION AND WASTE MANAGEMENT
( 4) 96=RAS/9/006(Australia, IAEA, Japan), " Strengthening radiation protection

infrastructures (1987)"
97=RAS/9/018(Australia, IAEA, Japan), " Radiation Protection Infrastructure

(Phase III)", .
1997 1998
0.32936 0.2418, 0.571MS, expected Agency funding . Unused funds from present
project RAS/9/006 expected to carry out. Project includes final year of on-going
project "Phase II" & first year of "Phase III"

— 3 —



MANAGEMENT AND PROMOTION INFRASTRUCTURES
( 5) 96=RAS/0/015, " Development of TCDC in Asia and the Pacific (1989)"

97=RAS/0/025, " Development of TCDC in Asia and the Pacific(Phase II)"
To confirm with procedures in TC Department Programme Coordination Section ,
all projects 10 years or older with future years activities are to be closed and
reopened as new.
1997 1998 1999 2000 2001
0.066 0.06975 0.1323 0.13905 0.1458, 0.136M$, IAEA funding

n. CRP
MEDICAL
( 6) 96=E1.20. 14(THYROID, Japan), " Evaluation of radioactive iodine therapy for

hyperthyroidism (1993, finished in 1995) "
97=E1.20 .14(THYROID; Japan), " Evaluation of radioactive iodine therapy for

hyperthyroidism " , continued.
Note: During project formulation meeting the title was given by " The

standardization of 1-131 treatment for hyperthyroidism with an intent to
optimize radiation dose and treatment response"

1997 1998 1999
0.06 0.06 0.06

- 4 - -



RCA PROJECTS TO BE CLOSED
-10 RAS +2CRP Projects

No Project Title

I. RCA

(1-1)
(1-2)
(1-3)
(1-4)

(2)
(3)
(4)
(5)
(6)
(7)

RAS/8/068
RAS/8/069
RAS/8/070
RAS/8/071

RAS/8/073
RAS/4/011
RAS/6/018
RAS/7/003
RAS/6/022
RAS/0/019

n. CRP

(8)

(9)

El.30.06

E3.30.08

Isotopes and Radiation in Industry and the Environment
Isotope^ and Radiation in Industry and the Environment
Isotopes and Radiation in Industry and the Environment
Isotopes and Radiation in Industry for Technologically and
Environmentally Development"

Measurement of Marine Contamination and Transport
Research Reactor Utilization
Radioimmunoassay for Hepatitis B Diagnosis
Radiation Sterilization of Tissue Grafts
Strengthening Nuclear Medicine in RCA Member States
Nuclear Information System

Evaluation of Imagine Procedure for the Diagnosis of Liver
Diseases
Computer-assisted Planning and Dosimetry in Radiotherapy of
Carcinoma of Cervix in the Asian and Pacific Region



RCA PROJECTS TO BE CLOSED (10 RAS +2CRP Projects)

AREA & RAS-No ,Title Terminal Meeting

I. RCA
INDUSTRY & ENVIRONMENT
The following UNDP projects RAS/92/073 will be closed while those RAS number will
carry over until March for tripartite meeting planned to be held early in 1977

(1-1) RAS/8/068*(Agency) No. Due to combination
" Isotopes and radiation in industry and the environment" of different activities

(1993)

(1-2) RAS/8/069(Australia)
" Isotopes and radiation in industry and the environment"

( l-3)RAS/8/070(Japan)
" Isotopes and radiation in industry and the environment "

( l-4)RAS/8/071(UNDP)

Sept.2-6, 1996 Beijing
(Nucl. Anal. Technique)

Dec. 2-6, 1996Mumbai
(NDT)
Dec. 11-17, 1996
Takasaki, (Rad. Tech)

Apr. 22-26,1996 Bombay
" Isotopes and radiation in industry for technologically and (NCS & Tracer technol)

environmentally development"

(2)RAS/8/073(UNDP)
" Measurement of marine contamination and transport"

ENERGY
(3)RAS/4/011
" Research reactor utilization (1990)"

HEALTH
(4)RAS/6/018
" Radioimmunoassay for hepatitis B diagnosis (1991)"

(5)RAS/7/003
" Radiation sterilization of tissue grafts (1988)"

(6)RAS/6/022/a( Australia)
" Strengthening nuclear medicine in RCA

Member States (1993)"

NETWORKING
(7)RAS/0/019, " Nuclear information system (1993)"

-Uncertain

June 24-28, Bangkok

Oct.21-25,1996 Beijing
(postponed by illness)

Sept.30-Oct.4,1996
Gold Coast

-Uncertain

(To be held)

- 6 -



n. CRP

MEDICAL
( 8) E1.3 0.06(LI VER, Japan), " Evaluation of imagine No
procedure for the diagnosis of Liver diseases, (1993) "

(9) E3.3 0.08(CANCER, Japan)," Computer-assisted No
planning and dosimetry in radiotherapy of carcinoma
of cervix in the Asian and Pacific region (1993) "

- 7 -



NEW RCA PROJECTS FOR 1997/1998
-9 RAS + 4 CRP Projects

No. Project Title

I. RCA

(1) RAS/8/077
(2) RAS/8/078
(3) RAS/8/076

(4) RAS/6/028
(5) RAS/6/027
(6) RAS/7/008
(7) RAS/6/029
(8)RAS/4/016
(9) RAS/0/024

n. CRP
(10)
(11)

(12)
(13)

Thematic Programme on Advanced Techniques for Industry..
Nucleonic Control System and Tracers in Industry
Better Management of Environment and Industrial Growth
(Joint UNDP/IAEA/RCA Project)
Thematic Programme on Health Care
Quality Assurance in Radiation Therapy
QA in Radiation Sterilization of Tissue Grafts
Improved Training for Nuclear Medicine Technicians
Preparation for Disposal of LILW from Non-power Sources
Project Formulation Meetings

Isotopic Evaluation in Infant Growth Monitoring
Health Promotion for Adolescent Girls in Transitional Populations
in East Asia and the Pacific
Radiation Processing of Indigenous Natural Polymers
Research & Development of RVNRL

Ate



NEW RCA PROJECTS FOR 1997/1998
As of Nov. 1996
9 RAS+4 CRP Projects

AREA & RAS-No Jitle

INDUSTRY & ENVIRONMENT
( 1) RAS/8/077 Thematic Programme on Advanced Techniques for Industry

(1 -1) Radiation Processing of Polymers
-Applied radiation chemistry for polymers
-CRP/Radiation processing of indigenous natural polymers
-CRP/Research & development of RVNRL

(1-2) NDT/NDE

Including promotion of national level-3 certification

1997
0.054
0.105
0.11

1997
0.19

and establishment NDE techniques for concrete&non-metalic
materials

1998
0.054
0.105
0.11

1998
( 0.094

( 2) RAS/8/078 Nucleonic Control System and Tracers in Industry
1996 1997
0.186 0.176025, 0.36MS funded by Agency

(3) RAS/8/076 Better Management of Environment and Industrial Growth"
(Joint UNDP/IAEA/RCA Project)

1997 1998 1999
Agency 0.1518 0.149265 0.29943
UNDP 0.6+0.3 0.6 0.6

Note:0.3 for project formulation
RCA - - -(Not decided yet)

There are seven sub-themes planned to perform. Here called as UNDP(7):
(3-1) Drinking water

* No proposal to date
(3-2) Marine coastal environment

*Activities in RAS/8/073 will be continued here.
*Dr. Aleta is proposing a project for algae toxin. Prof. Djaloeis mentioned
a project about the strait of Malacca pollution

*Application of Nuclear Modeling Techniques to Sustainable Development
in Coastal Zone(Australia fund)

(3-3) Air pollution
*In October DDG Machi mentioned that Mr.Parr made a proposal

AioA



(3-4) Cleaner production processes
*Kume, Japan proposed " Upgrading of Cellulosic Agro-waste to Useful

Products "
1997 1998 1999 2000 2001
0.06 0.09 0.22 0.27 0.22

(3-5) Electric networking capability
*Atieh, Agency proposing a project

(3-6) Improved awareness

(3-7) Safe Radiation Practices for end-users
*Australia is proposing "Strengthening Radiation Protection Infrastructure
for End-users" , Here 0.242M$ extra-budgetary funds expected from

Australia

ENERGY
None

HEALTH

(4)RAS/6/028 Thematic Programme on Health Care
1997 1998
0.3696 0.3906

(4-1) Nuclear Instrument Maintenance
Up to 1996, called as RAS/4/008
1997
0.258 Requested

(4-2) QA in SPECT system imaging
1998 1999
0.142 0.126, Requested and to be continued to 2002

(4-3) Upgrading Analogue Gamma Camera
1998 1999
0.248 0.242, Requested and to be continued to 2002

(4-4) Enhancement of Production & QC of Radioisotopes & Radiopharmaecuticals
1997 1998
0.14 0.12

(4-5) Radioimmunoassay of Tumour Markers for the Detection and Management
of Cancer

1997 1998 1999
0.2 0.2 0.2

( 5)RAS/6/027 Quality Assurance in Radiation Therapy
1997 1998 1999
0.1232 0.1868 0.2001 funded by Agency

( 6)RAS/7/008 QA in Radiation Sterilization of Tissue Grafts
1997 1998
0.3732 0.34908, 0.72MS funded by Agency

- 1 0 -



( 7)RAS/6/029 Improved Training for Nuclear Medicine Technicians
1997 1998 1999
0.129 0.111 0.170, 0.240MS, Extra-budgetary funding expected from

Australia.

RADIATION PROTECTION AND WASTE MANAGEMENT

( 8)RAS/4/016 Preparation for Disposal of LILW from Non-power Sources
1997 1998 1999
0.07812 0.1274 0.10815, 0.21MS, extra-budgetary funding sought

MANAGEMENT AND PROMOTION INFRASTRUCTURES

( 9)RAS/0/024 Project Formufation Meetings
1997 1998
0.066 0.06975, O.136MS funded by Agency

n. CRP

MEDICAL

(lO)Isotopic Evaluation in Infant Growth Monitoring
1997 1998 1999 2000
0.08 0.081 0.075 0.084, 0.161 M$ is expected from extra-budgetary
funds

(1 l)Health Promotion for Adolescent Girls in Transitional Populations in East Asia and
the Pacific

1997 1998
0.118 0.117, 0.235M$ is expected from extra-budgetary funds

INDUSTRIAL

Radiation Processing of Polymers 1997 1998
( 12)Radiation Processing of Indigenous Natural Polymers 0.105 0.105
( 13 )Research & Development of RVNRL 0.11 0.11

- 1 1 -



RCA BUDGET
(excluding CRP)

(Unit: US$)

1995/96 Cycle 1997/98 Cycle Remarks

AGENCY 3,289,000 3,569,435 9% Increase

EXTRABUDGETARY 2,503,600 4,562,465 82% Increase

TOTAL 5,792,600 8,131,900 40% Increase

-u -



RCA BUDGET for 1997/1998 (EXCLUDING CRP)

Asof Nov.25,1996
(Unit: US $)

Field

1. Agriculture

2. Industry
& Environment

3. Energy

4. Health

5. Radiation
Protection

No. of
Project

1

3

2

4

2

Budget
1997

65,000

2,430,100

183,290

994,815

407,480

1998

0

2,226940

145,805

1,037,530

369,200

Sub-Total

65,000

4,657,040

329,095

2,032,345

776,680

6. Management 2 132,000 139,500 271,500

14 4,212,925 3,918,975 8,131,900

-13 -



RCA BUDGET for 1997 (EXCLUDING CRP)

(Unit: US $ )

Field

1. Agriculture

No. of
Project

1

2. Industry 3
& Environment

3. Energy

4. Health

5. Radiation
Protection

6. Management

2

4

2

2

14

Asof

Budget
1997

\65,000

2,430,100

183,290

994,815

407,480

132,000

4,212,925

Nov.25,1996

%

1.5

57.7

4.4

23.6

9.7

3.1

100



RCA TRAINING COURSES PROGRAMME IN THE EAST ASIA AND THE
PACIFIC REGION 1997

October 1997
(2 weeks)

?

1st half 1997
(1 week)

2nd half 1997
(2 weeks)

October 1997
(1 weeks)

October 1997
(1 week)

2nd quarter 1997
(2 weeks)

RTW on Upgrading of
Analogue Gamma
Cameras with IBM PCs
and Relevant Clinical
Software

Jakarta, Indonesia

RTC on\ Planning and
Implementation of
Nuclear Power Projects

RTW on Economic and
Financing of NPPs

Philippines

RTW on WASP-IV (to
train experienced users
of WASP on the new
Version of the
Programme

Malaysia

RW on Off-site
Emergency
Preparedness for
Decision Makers

Japan

RW on Accident
Assessment and
Management (Train the
Trainers)

Japan

RTC on Recent
Developments in
Radiation Protection

Japan

RAS/4/008

R AS/0/021
(Korean
funds)

RAS/0/021
(Korean
funds)

RAS/0/023

RAS/9/018
(Japanese
funds)

RAS/9/018
(Japanese
funds)

RAS/9/018
(Japanese
funds)

Xie

Molina

Molina

Molina

Me Kenna/Crick

Me Kenna/Crick

Griffith



17-21 March
1997 (5 days)

29 September to
3 October 1996
(1 week)

July 1997
(1 week)

4th quarter 1997
(1 week)

21 July to 1
August 1997
(2 week)

7-14 April 1997
(1 week)

September 1997
(10 days)

RW on Development of
Distance Learning
Materials

RTC on Biodosimetry

Japan

Workshop on Rad.
Measurements

Melbome, Australia

RW to Review the
Results-.pf the RCA
Personal Dosimetry
Intercomparison

Mumbai, India

RTW on Identification
and Quantification of
Environmental Pollution
Sources Using
Chemometrics and
Advanced Statistics for
the Treatment of
Environmental Data
Produced by Nuclear
and Related Analytical
Techniques

Bandung, Indonesia

RW on Nuclear Method
in Monitoring Wear and
Corrosion in Industry

Lower Hutt, New
Zealand

RW on Tracer
Technology in Oil Field
Studies for Secondary
and Tertiary
Recoveries

Beijing, China

RAS/9/018
(Australian
funds)

RAS/9/018
(Japanese
funds)

RAS/9/018

RAS/9/018

RAS/8/076

RAS/8/078

RAS/8/078

Mason

Turai

Stegnar

Griffith

Parr

Thereska

Thereska

- I f c -

AW



December 1997
(1 week)

1st quarter 1997

Between April
and October 1997

July or August
1997
(5 days)

October 1997

May 1997

?

3rd quarter 1997

RW on Tomography
and Neutron Gauge
Applications

ANSTO, Australia

RTC on Hydraulic
Modeling Codes at the
Water Resources
Laboratory of the
University of NSW

Australia

RW on Harbour or
Estuary Development

Australia

RTC on Test and
Evaluation of RVNRL

BATAN, Indonesia

RW on Fabrication and
Evaluation of NOT Test
Pieces - Pipes

Bangkok, Thailand

RS on Non-Destructive
Inspection Technology
in Petroleum Inspection
Technology in
Petroleum Industry

Malaysia or Indonesia

RTC on Non-
Destructive Testing and
Evaluation of Nuclear
Power Plants

RW on Sustainable
Nuclear Information
Network for RCA
Countries

Thailand or Singapore

RAS/8/078

RAS/8/076
(Australian
funds)

RAS/8/076
(Australian
funds)

RAS/8/077

RAS/8/077

RAS/8/077

RAS/0/021

RAS/8/076

Thereska

Yurtsever

Yurtsever

Guven

Dobrowolski

Dobrowolski

Dobrowolski

Atieh

-n -



3rd quarter 1997

4th quarter 1997

4th quarter 1997

3rd quarter 1997

23-27 September
1997

RW on Total Quality
System in Producing
Radiation-Sterilized
Tissue Grafts in the
Asia and Pacific region

Training Course for
Clinicians (users)

Training Course for
Delivery of Curriculum
and Tissue Bank
Operators

Training Course for
Train and'Oevelop
Skills of Public
Relations Offer

UNDP/RCA/IAEA
Regional Seminar on
Radiation Treatment of
Waste Water and
Drinking Water

Shanghai, China

RAS/7/008

RAS/7/008

RAS/7/008

RAS/7/008

?

Mircheva

Mircheva

Mircheva

Mircheva

Guven

AW



Annex 20

PROJECT PROPOSAL

RCA NEW PROJECT

INDUSTRIAL APPLICATION PROJECT

PROJECT 1

RADIATION PROCESSING OF POLYMERS

as Formulated
by

The Expert Advisory Group Meeting (EAGM)
22 - 24 July, 1996

Takasaki Radiation Chemistry Research Establishment,
Japan Atomic Energy Research Institute



Summary of the Project 1

1. Title of Project : Radiation Processing of Polymers

2. Participating Member States

BANGLADESH, CHINA, INDIA, INDONESIA, JAPAN, Republic of
KOREA, MALAYSIA, MYANMAR, MONGOLIA, PAKISTAN,
PHILIPPINES, SINGAPORE, SRI LANKA, THAILAND and VIET NAM

3. Fields to be covered

The Projects 1 consists of the following three Sub-projects:

Sub-project 1 : Radiation Processing of Natural Polymers

Sub-project 2 : Research and Development of RVNRL

Sub-project 3 : Applied Radiation Chemistry of Polymers

4. Objective

Sub-project 1 : To modify indigenous natural polymers for biomedical and

industrial applications by using irradiation techniques.

Sub-project 2 : To improve the physical properties of RVNRL and to standardize

procedures for industrial production of RVNRL.

Sub-project 3 : To disseminate information on basic & advanced application of

radiation chemistry of polymers among RCA member states.

5. Budget for 1997 - 1998 (US$)

Income

Source
JPN Fund*
TC Fund
Total

Sub-Project 1
1997
75,00C
30,00C

105,000

1998
75,000
30,000

105,000

Sub-Project 2
1997
80,00C
30,00C

110,00C

1998
80,00C
30,00C

110,000

Sub-Project 3
1997
30,00C
24,00C
54,00C

1998
30,00C
24,00C
54,00C

* Subjected to approval of Japanese government.



Total

Source
JPN Fund*
TC Fund
Total

Total
1997

185,00C
84,00C

269,000

1998
185,00C
84,00C

269,00C
* Subjected to approval of Japanese government.

Expense

Contract Research
CRP Meeting
RTC
Expert Service
Fellowship
Total

Sub-Project 1
1997

55,000*
30,000

20,000*

105,000

1998
55,000*
30,000

20,000*

105,000

Sub-Project 2
1997

40,000*
30,000

30,000*
10,000*

110,000

1998
40,000*
30,000

40,000*

110,000

Sub-Project 3
1997

30,000*
24,000
54,000

1998

30,000*
24,000
54,000

* JPN Fund, subject to approval of Japanese government

6. Management

TRCRE JAERI will act as the "mother organization". Efforts will be

made to establish Satellite system consisting of selected regional resource unit

engaged in the research related to the Sub-Projects.



PROPOSED SUB-PROJECT I

1. Title : Radiation Processing of Indigenous Natural Polymers

2. Participating Member States

BANGLADESH, CHINA, INDIA, JAPAN, INDONESIA, MALAYSIA,

PAKISTAN, PHILIPPINES, Republic of KOREA, SRI LANKA,

THAILAND and VIET NAM are expected to participate in the project. These

Member States have participated actively in the previous IAEA/UNDP/RCA

Project and they have ongoing research programs in related areas.

3. Background

The technique of modification of polymers by radiation grafting,

crosslinking or degradation has been successfully employed to produce

improved polymers such as PE, PTFE, PVA etc. However, such modified

polymers are mainly based on synthetic polymers. Member States, on the

other hand, are rich in natural polymers that are not exploited to their high

potential either in biomaterials or engineering materials. Natural polymers

such as chitin, starch, or cellulose, with suitable modification by radiation

could be employed in biomedical applications. Furthermore, wood, paper-

pulp, silk and natural rubber can be upgraded by radiation to yield better

quality rayon, silk and composites, respectively. Upgrading natural polymers

will be of special interest to Member States to develop cheaper substitute for

advanced synthetic materials.

4. Objectives

To modify indigenous natural polymers for biomedical and industrial

applications by using irradiation techniques.



5. Problems to be addressed

Modification and upgrading of natural polymers by irradiation technique

to give value added materials and to diversify their better utilization.

6. Expected Results

The program will lead to the development of :

- Control delivery systems for drugs

- Hydrogels for wound dressing

- Hydrogels for water conservation and soil conditioning

- New engineering materials

- Biodegradable plastics

- Advanced pulp manufacturing

7. Target Beneficiary

- Pharmaceutical industry,

- Agriculture

- Fibers and textile industry

- Engineering and plastics industry

8. Financial Requirement

8.1 Input request from the IAEA

1997 : $ 105,000

1998 : $ 105,000

8.2 Input request from RCA Member States

1997 :$ 5,000 to host CRP meetings

9. Input/Collaboration with other institutes

Participating Member States should organize the National Research Group

(NRG) consisting of a nuclear research institute, polymer research



organization and polymer producing companies.

10. Implementation plan

10-1 Coordinated Research Program

a) Basic studies for natural polymer modification by radiation

b) Application development

c) Standardization and harmonization procedures

11. Time Schedule

CRP Meeting
CRP: Basic studies
CRP : Application
CRP : Standardization

1997 1998 1999 2000 2001
*N

*s

12. Activities in 1997 and 1998

1997

1) CRP : Radiation Processing of Indigenous Natural Polymers

2) CRP Meeting "Review of Current activities and program for 1998"

3 days, venue and time will be decided later

1998

1) CRP : Radiation Processing of Indigenous Natural Polymers

2) CRP Meeting "Report of activities in 1997 and program for 1999"

3 days, venue and time will be decided later

13. Budget (US$)

13.1 Income

JPN Fund*
TC Fund
Total

1997
75,00C
30,00C

105,000

1998
75,00(
30,00(

105,000
Subjected to approval of Japanese government.



13.2 Expense

Contract Research
CRP meeting
Expert Service
Total

1997
55,000*
30,000
20,000*
105,000

1998
55,000*
30,000

20,000*
105,000

* JPN Fund, subject to approval of Japanese government

14. Management

The leader of the NRG will preferably be from the nuclear research

institute and actively participate in the CRP program. The leader will be

responsible for further transfer of the technology in the state. The CRP

meeting will be organized by the IAEA. TRCRE JAERI will act as the

"mother organization". Efforts will be made to establish Satellite system

consisting of selected national and regional organizations engaging research

work in radiation processing and natural polymers.

T 7



PROPOSED SUB-PROJECT II

1. Title : Research and Development of RVNRL

2. Participating Member States

BANGLADESH, CHINA, INDIA, INDONESIA, JAPAN, MALAYSIA,

PHILIPPINES, SRI LANKA, THAILAND and VIET NAM ar^expected to

participate in the project. These Member States have been participating

actively in the IAEA/UNDP/RCA Project. The indigenous NR latex industry

in these Member States is very keen to establish the RVNRL. They have

adequate irradiation facilities and researchers to work in this field.

Participation of these Member States will accelerate the development of the

technology.

3. Background

Intense R&D on the RVNRL under the previous IAEA/UNDP/RCA

project led to the significant progress in the cost reduction and quality

improvement of the RVNRL. The successful commissioning of pilot plants in

Indonesia, India and Malaysia has proved that the RVNRL technology is

recognized as an emerging radiation processing in the world. However, the

technology has not yet applied in industry in large scale. This is due to the

presence of several problems. Further promotion of the technology into the

main field of latex industry seems to be difficult without solving the problems.

These problems are mainly related to the inferior physical properties of

radiation vulcanizates to sulfur vulcanizates and high initial investment. The

physical properties of radiation vulcanizates, such as the tensile strength and

tear resistance should be improved to meet international standards. Protein

allergy is the serious issue in the NR latex industry. There is an indication that

RVNRL can solve the issue. Additional research on RVNRL will give

satisfaction to the NR latex industry for the production of protein free latex



products. Higher investment than sulfur vulcanization process is preventing

wide acceptance the technology of RVNRL in the region.

4. Objectives

1) To improve the physical properties of RVNRL

2) To standardize procedures for industrial production of RVNRL

5. Problems to be addressed

1) Further improvement on physical properties of RVNRL suitable for

industrial applications.

2) Design of new low cost irradiation facilities for RVNRL.

6. Expected results :

The standard procedure for RVNRL will be established and the physical

properties of RVNRL be improved to meet the industrial standard. A basic

design of a low cost irradiation facilities will be developed

7. Target Beneficiaries

There is a big demand for clean and safe NR latex products in Europe and

North America. This is due to the fear of protein allergy. Rubber gloves and

other latex products free from proteins are needed in these Member States. In

addition, N-nitrosoamine free and low cytotoxic products are required in the

market. Thus the industrial application of RVNRL will give great benefit to

the participating Member States through export of latex products from

RVNRL.

8. Financial Requirement

8.1 Input request from the IAEA

1997 : $ 110,000

1998:$ 110,000



8.2 Input request from RCA Member States

1997 : $ 20,000 to host CRP meetings and RTC (in kind, Indonesia)

9. Input/collaboration with other institutions

Participating state should organize the National Research Group (NRG)

consisting of a nuclear research institute, a rubber research organization, NR

latex producers and NR latex dipped products manufacturers.

10. Implementation Plan

10-1 Coordinated Research Program

a) Improvement of tensile strength

b) Improvement of tear resistance

c) Removal of proteins

10-2 Scale up test for evaluation

10-3 Design, installation and operation of low cost irradiation system

10-4 Technology t ransfer to the Member States by RTC and REMS

11. Time Schedule

CRP Meeting
RTC/NEMS
CRP : Tensile strength
CRP: Tear resistance
CRP : Removal of proteins
Scale up test
Low cost irradiator

1997

RTC

1998

>

1999

REMS
>

>

2000

>

2001

REMS

>

12. Activities in 1997 and 1998

1997

1) CRP : Research and Development of RVNRL

2) CRP Meeting "Review of Current activities and program for 1998"

3 days, June, BATAN PAIR, Indonesia (tentative)

10



3) RTC "Test and evaluation of RVNRL"

5 days, June, BAT AN PAIR, Indonesia (tentative)

1998

1) CRP Meeting "Report of activities in 1997 and program for 1999"

3 days, venue and time will be decided later

2) CRP : Research and Development of RVNRL

13. Budget (US$)

13.1 Income

IPN Fund*
TC Fund
Total

1997
80,00C
30,00C

110,00C

1998
80,00(
30,00(

110,00C
*Subject to approval of Japanese Government

13.2 Expense

CRP
CRP Meeting
RTC
Expert Service
Total

1997
40,000*
30,000

30,000*
10,000*
110,000

1998
40,000*
30,000

40,000*
110,000

* JPN Fund, subject to approval of Japanese government

14. Management

The leader of the NRG will preferably be from the nuclear research

institute and actively participate in the CRP program. The leader will be

responsible for further transfer of the technology in the state. The leader shall

ensure proper nomination of candidates to participate in regional events. The

CRP meeting will be organized by the IAEA. TRCRE JAERI will act as the

"mother organization". Efforts will be made to establish Satellite system

consisting of selected national and regional resource organizations engaging in

RVNRL research.

11
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PROPOSED SUB-PROJECT III

1. Title : Applied Radiation Chemistry for Polymers

2. Participating Member States

BANGLADESH, CHINA, INDIA, INDONESIA, JAPAN, Republic of

KOREA, MALAYSIA, MYANMAR, MONGOLIA, PAKISTAN,

PHILIPPINES, SINGAPORE, SRI LANKA, THAILAND and VIET NAM

are expected to participate in the project. Some Member States require basic

and advanced knowledge on radiation chemistry of polymers. On the other

hand, certain Member States require assistance to promote industrial

application of radiation technology.

3. Background

Applied radiation chemistry of polymer covers a wide range of areas

ranging from basic understanding of radiation chemistry of polymers to the

industrial applications of radiation technology or radiation processing. The

understanding and knowledge on radiation chemistry of polymers is

indispensable for any research to be carried out in relation to radiation

processing.

In view of the benefits of radiation processing to the economic

development of Member States in this region, Member States should be given

the opportunity to develop their own expertise and capabilities in this field.

This sub-project is aimed to provide the venue for Member States to acquire

expert assistance from more advanced Member States in the region and to

organize national activities in related field in their own States. Several

Member States have benefited from such kind of activities in the past under

IAEA/UNDP/RCA Project RAS/92/073.

12



4. Objective

To disseminate information on basic & advanced application of radiation

chemistry of polymers among RCA Member States.

5. Problem to be addressed

In some Member States in the region, the level of knowledge and know-

how in radiation chemistry of polymers are limited. Meanwhile to some other

Member States, further efforts are required to promote the use of radiation

technology in industry. Therefore, these counties should be assisted to enable

them to harness the benefits of radiation technology for their economic

development.

6. Expected results

It is expected that more personnel will be trained in less advanced Member

States in radiation chemistry of polymers and more personnel from industry

to be trained on industrial application of radiation technology in other

Member States.

7. Target beneficiaries

Man power development at the National Nuclear Institutes, industry, and

related research institutes in RCA Member States.

8. Financial requirement

8.1 Input from IAEA

1997 : $ 54,000

1998: $54,000

8.2 Input from RCA Member States

None

13



9. Implementation plan (activities)

1997 : 3 experts (upon requested by Member State)

1998 : 3 experts(upon requested by Member State)

9. 1 Fields to be covered:

a) Radiation chemistry of polymers

b) Advanced application of radiation chemistry of polymers

c) Radiation curing of surface coating

d) Radiation crosslinking of wire and heat shrinkable tubes

9. 2 Several Member States in the region can provide training facilities for

individual training as well as expert services,

i. Takasaki Radiation Chemistry Research Establishment (Japan)

ii. Malaysian Institute for Nuclear Technology Research (Malaysia)

iii. Bhabha Atomic Research Center (India)

iv. National Atomic Energy Agency (Indonesia)

v. Changchun Institute of Applied (China)

10. Budget (US$)

10.1 Income

JPN Fund*
TC Fund
Total

1997
30,000
24,000
54,000

1998
30,000
24,000
54,000

* Subjected to approval of Japanese Government.

10.2 Expense

Expert services
Fellowship
Total

1997
30,000
24,000
54,000

1998
30,000
24,000
54,000

14



11. Management

Member State will be given the opportunity to request expert assistants

from the IAEA under the Sub-Project III for national activities such as

National Training Courses or National Seminar. Japan will act as the "mother

organization" to oversee the requirements of the Member States and to advise

on the recruitment of experts from the region for such activities.

NEXT PAQE(S)
toft BLANK



UNDP/RCA/IAEA RADIATION TECHNOLOGY
IMPLEMENTATION OF ACTIVITY BY MEMBER STATE

IMMEDIATE OBJECTIVE 1
OUTPUT

1.6

1.7

1.6.1

1.6.2

1.6.3

1.6.4

1.6.5

1.6.6

1.7.1

1.7.2

1.7.3

1.7.4

1.7.5

1.7.6

1.7.7

1.7.8

1.7.9

1.7.10

1.7.11

ACTIVITY

RTC: Liquid Wastes

NMS: Liquid Wastes

EXP: Liquid Wastes

RTC: Flue Gases

RWS: Flue Gases

NMS: Flue Gases

EXP: Flue Gases

RTC: Radiation Curing

NTC: Radiation Curing

RTC: Fundamental Aspects

EXP:

NCM:

RTC: Advanced Applications

RTC: Advanced Applications

NS: Advanced Applications

EAGM

Intern. Symposium on RVNRL

NTC: RVNRL

FS: Advanced Applications

BGD

1

3

4

2

1

1

1

PRC

1

3

3

30

5

3

80

5

4

4

2

6

340

2

2

15

IND

2

1

1

3

5

3

4

2

2

2

2

45

INS

3

2

1

1

2

6

6

4

2

2

140

2

5

ROK

1

2

21

4

1

4

1

MAL

2

1

2

48

3

2

89

1

1

4

3

1

135

2

100

25

MYA

1

1

3

MON

1

1

4

PAK

1

1

1

1

4

4

1

PHI

2

2

29

1

1

26

4

4

4

1

1

16

1

1

SIN

4

SRL

1

1

3

4

1

5

33

TAI

2

2

2

2

4

4

1

1

21

1

3

39

VIE

2

1

1

3

4

4

4

1

1

1

2

40
>
3
n>
x
ho



UNDP/RCA/IAEA RADIATION TECHNOLOGY
IMPLEMENTATION OF ACTIVITY BY MEMBER STATE

IMMEDIATE OBJECTIVE 2
OUTPUT

2.1

2.3

2.1.1

2.1.2

2.1.3

2.1.4

2.1.5

2.1.6

2.3.1

2.3.2

2.3.3

ACTIVITY

NC network

EAGM: Standards

RTC: Process and Quality Control

RTC: Regulation & Standards

RTC: Validation, Routine and

Appl. of ISO Standards

RWS: Process Control &

Dosimetry

NTC:

NS:

RS & NS: GMP & GRP

RWS: Safe Operation of Radiation

Facilities

RTC: Regulation & Inspection

To produce written guidelines

BGD

1

1

2

1

PRC

1

1

2

2

120

40

40

1

IND

1

1

1

1

INS

3

1

2

20

70

2

3

ROK

1

1

MAL

2

3

1

3

1

2

MYA

1

MON

1

PAK

1

1

1

1

1

PHI

2

2

1

30

1

1

SIN SRL

2

1

TAI

2

2

10

2

3

2

VIE

1

1

2

2

50

1



Annex 22

UNDP/RCA/IAEA Regional Project for Asia and the Pacific

The Use of Isotopes and Radiation to Strengthen Technology and Support
Environmentally Sustainable Development

4th National Coordinators Meeting for Radiation Technology
Takasaki, Japan, 11-16 December 1996

Radiation Technology in Australia

R. Wayne Garrett

Radiation Technology, Physics Division,
Australian Nuclear Science and Technology Organisation

Private Mail Bag l,Menai, Sydney, NSW, 2234
AUSTRALIA

1.1 GAMMA IRRADIATION

1.1.1 Industry

One private Australian company, Steritech, carries out industrial gamma irradiation in Australia.
This company has two irradiation plants, one at Dandenong, Victoria and one at Wetherill Park
in Sydney. The first plant in the world designed specifically for the industrial application of
gamma irradiation, commenced operations in 1959 and was owned and operated by
Westminster Carpets Pty Ltd. The Steritech plant was built in 1971 also in Dandenong and in
1986, the Sydney operation commenced.

The Sydney plant has 1,500,000 curies installed currently and the Dandenong plant has
1,400,000 curies installed.



During the last four years (July to June) the volume throughput has increased as follows:

Victoria Plant

1992/1993 1993/1994 1994/1995 1995/1996

18,000 m3 18,720 m3 20,000 +7% m3 20,000 m3

Sydney Plant

1992/1993 1993/1994 1994/1995 1995/1996

17,800 m3 21,000 + 18% m3 22,900 + 9% m3 25,500 + 11 % m3

There has been an overall growth of 11% over four years at the Victorian plant and a growth
of 43% at the Sydney plant (1992-1996).

The Victorian plant's modest growth has come from mainly aseptic packaging and some
cross linking of cable for domestic utensils (irons, kettles, toasters etc) and the plant achieves
a very significant growth of 43% in three years, however the bulk of the additional volume
has come from the agricultural sector and the Australian Quarantine Inspection Service
(A.Q.I.S.).

During the calendar year 1995 both plants processed imported bird seed for quarantine
reasons. The bird seed was allowed to be imported because of local drought.

A good growth area for the Sydney plant has been the irradiation of horse feed. This product
is a special feed mainly for race horses, the product is grain based and must be treated to
ensure no weed seeds can germinate when exporting the product into New Zealand. Many
tests and trials were carried out under the guidance of A.Q.I.S. and the New Zealand
quarantine department (M.A.F.). In all, over twelve months of work was carried out before
the irradiation process at 5 kGrays was approved. Other good growth areas for the Sydney
plant have been the food packaging, cosmetic and pharmaceutical areas.

Unfortunately there are still no regulations in place to permit the irradiation of food products,
although Steritech receive regular requests every month from industry to process food
products as an alternative to methyl bromide and ethylene oxide fumigation, it is estimated
that approximately 5,000 cubic metres per year of herbs and spices would be decontaminated
by irradiation immediately approvals were in place.

Currently Steritech are carrying out research and development on the following projects.

• The elimination of odour from irradiated plastic in bottle caps

• The sterilisation of wet blood bags currently steam sterilised



• The effects of irradiation on the adhesive on irradiation sterilised labels and wound

dressings

• Decontamination of essence and flavourings

• Decontamination of frozen imported fish bait

• Decontamination of imported wool bales

• Decontamination of eye cream to eliminate Bacillus sp

• To induce a colour change in Emu oil cream

• Irradiation of Bio-Plasma to eliminate certain viruses

1.1.2 ANSTO

The Australian Nuclear Science and Technology Organisation (ANSTO) at Lucas Heights in
Sydney has several batch irradiation facilities consisting of:

• a 100 kCi plaque irradiation facility and
• an irradiation pond having four large (25cm) and three small (10cm) annular sources

totalling 190 kCi when fully loaded.

1.1.2.1 Maintenance of Licences and Quality System

Meeting the criteria of the Australian Codes of Good Manufacturing Practice for Therapeutic
Goods is a prerequisite for ANSTO to be able to provide a radiation sterilisation service for
therapeutic goods in Australia. The licence is issued after compliance to the relevant codes of
practices is demonstrated during an audit from the TGA (Therapeutic Goods Act) Audit and
Licensing Section. Establishment of a quality system is pivotal to achieving this status. Once a
TGA licence is issued, the licensing criteria must be maintained and redemonstrated during
annual audits by the TGA.

During this year, ANSTO has met the criteria required by the TGA and maintained its quality
system to the principles of ISO 9001 and maintained a quarantine licence with the Australian
Quarantine and Inspection Service as well as licences for maintaining radioactive substances
and irradiating apparatus with the Environmental Protection Authority.



1.1.2.2 Radiation Service

ANSTO provides an irradiation service to industry, hospitals, universities and other ANSTO
Divisions for small scale processing, irradiations requiring special conditions of dose, dose rate,
temperature and atmosphere, experimental irradiations with associated control and monitoring
equipment, work required for dose setting, audit dose, product/packaging qualification studies.
ANSTO also provides a dosimetry and dosimetry calibration service.

During 1995/96 the facilities were used to provide precision and temperature controlled
irradiations for 12 clients from industry, research institutes and universities. Routine
irradiation services was provided for 32 clients from health care facilities, industry,
government agencies and academia.

1.1.2.3 Support of Industrial Product Qualification Studies

Validation of the compatibility of product and packaging for irradiation and the selection of the
appropriate dose required to sterilise the material is a requirement of the Guidelines for
Industrial Radiation Sterilisation of both the Australian and International Organisation for
Standardisation.

ANSTO (Radiation Technology) supported the industry demand within Australasia for such
research and development by providing a unique service of accurate doses over a wide dose
range under a variety of temperature conditions.

This service was provided to biotechnology based companies involved in human and animal
health care as well as companies in the pharmaceuticals and medical devices industries.

1.1.2.4 Dosimetry Supply and Calibration Service

Chemical dosimeters manufactured by Radiation Technology, ANSTO were sold to commercial
irradiator operators and companies involved in the manufacture of medical supplies,
Pharmaceuticals and sterile disposables. Dosimeters produced elsewhere were calibrated by
ANSTO in a facility with a dose rate traceable to the Australian Standard for Absorbed Dose.

Dosimetry services for calibration and monitoring of industrial gamma irradiation processing
in Australia, New Zealand, Malaysia and Sri Lanka were extended to include a broader range
of reference dosimeters and to support a newly introduced routine dosimetry system within
Australia.

1.1.2.5 Sterile Insect Technique

This project in collaboration with the Gosford Postharvest Laboratory, NSW Agriculture is
carrying out a sterile insect technique (SIT) program for controlling Queensland fruit fly in three
eastern states; Victoria, NSW and South Australia. The program is being carried out to
maintain an international fruit fly free zone for primary producers of mainly citrus fruits in
designated regions within these three states. Pupae are sterilised with a small dose of radiation
(72.5 ± 2.5 Gy) and subsequently the sterile adult flies are released into infested areas.



ANSTO during 1996 has irradiated 172 million pupae and it is expected that during the summer
and autumn of 1997,260 million pupae will be irradiated. It is estimated that 650 million pupae
will be irradiated each summer and autumn in the following years of 1998-2000.

1.1.2.6 The 13 MeV Van De Graaff Electron Beam Accelerator

ANSTO has ceased all research using electron beam accelerators. Various Australian
universities through the Australian Institute of Nuclear Science and Engineering have utilised
ANSTO's electron beam accelerator/pulse radiolysis facility. Typical research topics for the
accelerator have included:

• radiation chemistry of organic herbicides and fungicides,
• cancer related drugs

1.1.3 Regulations for Quality Assurance in Health Care Manufacture.

Australian codes of good manufacturing practice (GMP) incorporate the requirements of the
Australian Standards for Quality Systems-AS/NZS ISO 9000: 1994. Australian GMP codes are
currently enforced, are being prepared or have been initiated for the following practices:

• Blood Products,
• Ethylene Oxide,
• Instrumentation,
• Manufacture for clinical trials - Concessions and Special Precautions,
• Medicinal Gasses,
• Medicinal Products,
• Radiation Sterilisation,
• Sterile Medical Devices,
• Sunscreens,
• Tests for Sterility,
• Tissue Banking l,
• Veterinary,
• Water testing,
• Wholesaling.

The Australian Guidelines for Radiation Sterilisation were officially introduced in April, 1994.
ANSTO has assisted in the compilation of these guidelines. The new ISO 11137 Standard came
into effect in 1995 and Australian regulators are considering making this the Australian code.

1.2 ELECTRON BEAM AND UV PROCESSING

At least, four companies operate commercial EB lines in Australia. These are:

1.2.1 Camvac Australia



The facility, a 200 keV ESI accelerator from Energy Sciences Industries (maximum beam
current of 1 A, normally run at 175 keV with a beam current of 500-600 mA) is used for
providing the base coat and top anti-scuff coat for metallised paper used in high quality printing.
The dose-to-cure is 38 kGy at 400 metres per minute line speed. The current accelerator was

installed in 1986 and is located at Marayong in Sydney and was the first successful paper
metallising plant in the world to employ the technology of electron beam curing of coatings on
paper for vacuum metallisation.

1.2.2 Pilon Plastics

The facility, a 550 keV Nissin High Voltage accelerator with a maximum beam current of 40
mA, is sited in Sydney and is dedicated to the production of crosslinked polyethylene foam.
Pilon Plastics is the leading Australian manufacturer of various types of polyolefin closed cell
foams and caters for customers in Australia, New Zealand, Singapore, Indonesia, Malaysia,
Thailand and Hong Kong.

1.2.3 W.R. Grace and Co.

The past facility, a 660 keV ICT (Insulated Core Transformer) accelerator manufactured by
High Voltage Engineering Corporation) was sited in Victoria and has been dedicated to the
production of heat-shrink film with production in the order of 1000's of tonnes annually.
However, this facility has been upgraded but no information has been released by the company.

1.2.4 Tetrapak

The facilities comprise one 200 keV accelerator from RPC Industries. The unit is dedicated to
printing and coating of food packaging. No further information is available for the public
domain at this company's request.

There are approximately 60 companies which incorporate UV curing for printing, particularly
label printing, using both narrow web and wide web machines. Other potential applications
include coatings for paper, board, timber, metal and plastic, PVC floor tiles and optical fibres.
Several companies in Sydney and Melbourne provide services for equipment and coating
formulations.

2. IN SUMMARY

There appears to be little interest by industry for research and development of new industrial
applications using EB or gamma irradiation. There has been no change in status of Radiation
Technology in the last three years. ANSTO has undertaken a preliminary study into the
research topic: "Reduction/Recycling of waste using radiation degradation in industries that
produce polymeric wastes (eg. rubber, plastics)". To date, industry and academia have both
been reticent in the viability of this proposal due to the tight terms of reference. It may be
possible to revisit this proposal in the future.
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COUNTRY REPORT: BANGLADESH

(4th NCM at Takasaki, Japan on 11 - 16 December 1996)

Dr. K. M. Idriss Ali
Bangladesh Atomic Energy Commission

Bangladesh is still using Radiation Technology primarily at the R and D level. There has
been a number of activities during the last few years with this technology in Bangladesh.
The GammaTech Co., the only commercial plant that started functioning since 1993 is yet
to get its momentum. However, the following goods have been irradiated with the
GammaTech source (54 kCi) during 1994-96 period:

Items (ks)

1. Dried fish
2. Frozen food'
3. Beef casing
4. Wheat flour
5. Macaroni
6. Been seeds

1994

129959
8842
8842

1995

494
319453

8980
11540

2000

1996

154
206850

5435
4620

11528

Besides the above food items, some medical products (1000 eft, 1994-96) have also been
sterilized. Different import-export firms used the GammaTech irradiation facility for the
service of their commercial items.

The first gamma irradiation source was installed in Bangladesh at the campus of Atomic
Energy Commission, primarily for R and D activities. The present source strength is very
low (16 kCi). This source has been used to irradiate the following items during 1996
basically for the R and D purposes:

Amnion membrane, bone graft, pro-cane penicillin powder (300 amples, Pfizer Co.),
blood serum (3L), spirulina (40 eft, Life Line International Co.), fish kabab, cajnus
seeds, lentil, jute seeds, teel seeds, poultry feed (80 kg), sugarcane catas, rubber latex
(150 kg) silk, jute materials and wood

Since there is no electron beam (EB) accelerator in Bangladesh and there are only two Co-
60 gamma irradiators (one at GammaTech Ltd. and one in BAEC), the radiation
technology group of BAEC has gained expertise in UV radiation technology primarily
with UV system for Bangladesh. There has been some notable success in this respect in
the fields of



1. Composites preparation with cellulose materials
2. Surface coating curing on leather, wood, etc.
3. Degradable jute polymer composites
4. Environmental friendly polymers
5. Decontamination of industrial effluents.

It can be noted here that the last EAGM held in Takasaki on 22-24 July 1996 framed
project proposal on "Radiation Processing of Polymers" in order to modify indigenous
natural polymers of RCA states using radiation technique, to improve physical properties
of RVNRL and to disseminate information among RCA numbers states with a concrete
aim to upgrade wood, pulp, silk, rubber, etc. to yield better quality rayon, silk and
composite materials that wood act as substitutes for the advanced synthetic materials. We
are very glad to inform this audience of different RCA member states that our group has
been already involved in similar R and D activities for the last few years. We have been
successful in developing:

1. Degradable jute plastic composite that is very durable and sustainable like
synthetic polymers but degradable after the end-uses in the environment when
buried in muds (re/.: 1 - 4).

2 Wood plastic composite that can be prepared under normal atmospheric
condition without using the conventional vacuum impregnation. Tensile strength,
bending strength and compression strength can be enhanced few times by
incorporating a minute amount (1%) of a novel additive with the impregnating
solution. The advantage of this process is that the "normal impregnation system''''
allows the wood substrates of any shape and size to be impregnated easily unlike
in the vacuum impregnation process (ref.: 5 - 7).

3. Improved jute yarn, cotton thread, silk and rayon materials by treating them
with specially formulated solutions under UV radiation (ref.: 8 - 11).

4. Improved surface properties of finished and wet blue leather (ref.: 12-13).

5. Polymers with enhanced rheological properties (ref.: 14-16).

6. Improved rubber products with Bangladeshi latex (hand gloves, teats, rubber-
jute mats, etc. {ref: 17-19).

We are already in contact with some commercial firms (M/S Bangladesh Carpets Co.,
Pakhiza Textile Ltd., Jute Plastic Composites Co. etc.) who are interested to
commercialize these products in the markets of home and abroad.



Recently we have signed a ''Memorandum of Understanding" with Bangladesh Jute
Research Institute (BJRI) to jointly carry out research works on jute using the
conventional method by BJRI and radiation by BAEC for developing diverse applications
of jute. We are also in collaboration with

1. Dhaka University (for thesis works ofM. Sc. and Ph. D. students)
2. Jahangirnagar University (for thesis works of M. Sc. and Ph. D. students).
3. Memphis state University (Memphis, USA) on wood plastic composite works.
4. Technical University of Berlin (Berlin, Germany) on jute and polymer works.
5. Cranfield University (Swindon, UK) on jute applications in diverse fields.
6. University de Haute Alsae (Mulhouse, France) on jute and polymer modifications.

At present ten M. Sc. and four Ph. D. students are working in our laboratory on wood,
jute, silk, leather, industrial effluents, polymer and natural rubber latex. One Ph. D. student
is fully engaged in the improvement of properties of silk and silk materials.

Our laboratory is well equipped with suitable research arrangements including relevant
instruments to effectively carry out R and D works on upgrading of wood, cellulose, silk,
rayon and other natural polymers. We are inviting other RCA number states to make use
of our laboratory and our cherished expertise in the above fields. We like to welcome the
RCA member states to cement collaborative R and D works with us in the above areas.
We have already contributed relevant articles in scientific books from the results that we
have obtained in the above fields:

Contribution to books:

a. Multiphase Reactor and Polymerization System Hydrodynamics: Advances in
Engineering Fluid Mechanics Series; Ed. N. P. Cheremisinoff, Gulf Publishing Co.,
Ch-25, p-669, 1996

b. The Polymeric Materials Encyclopedia; Ed. J. C. Salamone, CRC press, p-110, 1996

c. Encyclopedia Polymer Science and Technology; Ed. N. P. Cheremisinoff; Marcel
Dekker Publishers, Inc. Publication; (press).



Regarding activities of outputs 1.6, 1.7, 2.1 and 2.3, four persons undertook training
under RCA program on output 1.6 on flue gases, etc; in addition, one person was also
trained for one year on municipal sewage sludges under STA, a bilateral agreement with
Japan. Since there is no Electron Beam Accelerator in Bangladesh, the concerned research
activity could not be continued; however, the trained scientists are engaged in treating
effluents of textile mills in order to decontaminate the environmental pollution through
ultraviolet treatment.

Three persons were trained on advanced applications of radiation technology under RCA
program (output 1.7). Two of these persons are actively engaged in carrying out research
works leading to Ph. D. degree.

The standard of industrial sterilization is maintained in collaboration with IAEA under
different TC project and American standard is generally followed. The national standard
is yet to be formalized by the government. However, there is national standard for food
preservation process by radiation. Although no person took any training recently under
RCA program (output 2.1) on standard of industrial sterilization, but there are a number
of persons who were already trained by IAEA at different times. They are at the helm of
this process.

About 3 persons were trained in radiation facility operation and its maintenance (output
2.3). All these persons are actively engaged in the Commission.
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Mr. Chairman, Distinguished delegates, Ladies and Gentlemen
The Chinese delegation wishes to express its sincere gratitude to IAEA,

UNDP, Donor Countries and all the RCA member states.
The RCA has played a key role in the promotion of radiation technology

application for the sustainable development of human in this Asian and
Pacific region. China has benefited much from the RCA program, we have
also done our best to make contributions to the region. A brief description of
activities in the projects and progress of radiation processing in China during
the 1995 and some in 1996 are as follows.

Radiation Technology Industrial Application
Since the IAEA regional training course on radiation crosslinking

application held at SARI (Shanghai Applied Radiation Institute), Shanghai
University of Science and Technology, in 1985, the activities organized by
IAEA have resulted in radiation application growth in the Asian Pacific
region, especially in China.

Development of radiation processing in China has been undertaken for
over ten years and radiation application in the industries is going on its way to
greater successes. Based on recent survey of the status of radiation
processing in China, radiation technology products are about 800 M yuan
RMB in 1995. Over 900 million yuan RMB is expected this year. Among
more than 20 kinds of radiation products, shrinkable products, radiation
crosslinked cable and wire, and low-temperature adhesives share the biggest
in the market.

In mid 80's, first productive line of radiation crossliked cable and wire
on industrial scale began to work. Due to market spurring, radiation
processing has become a rapidly growing field in recent years. There are
about 40 industrial size EB process set up (some are setting up) spreading in
more than 10 provinces or municipalities in China, as shown in fig:l. These
indicate great capacity of production in radiation processing. In 1985, the
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production value of radiation products was about 1 million RMB, while that
value became 800 million RMB in 1995. The growth of industrial application
in radiation technology is obvious, especially in recent 4 years, as shown in
fig. 2.

The key factors for fast growth of radiation application are:
1. Training for personnel, various activities (RTC, NTC, NW, NEMS etc.)
2. Market spurring growth of radiation products
3. Guiding the general public to correct their misleading concepts in Nuke

Radiation crosslinking application in industry is a part of UNDP/IAEA
/RCA regional projects on industrialization of isotope/radiation application.
In order to spur radiation crosslinking application, IAEA implemented many
regional promotion activities. The training activities comprises RTC, REMS,
NEMS, NTC and country project to China, aiming upgrading radiation
crosslinking and rad curing application. Since EAG of IAEA identified SARI
as the centre of excellence for training of scientists and engineers from region,
SARI has held over ten courses or workshops, many other courses or
workshops were held in other cities in China (mainly Shanghai and Beijing).
A great number of technical persons and managers were trained. Many
participants of IAEA activities have become directors or managers of most
companies or factories and they lead their units to industrialization of
radiation crosslinking application. The input from IAEA has resulted in
development of cable insulated with radiation crosslinked polyolefin in China
and in wide application to wire and cable factories, and heat shrinkable
products as well.

Reform and open policy in China makes the market more and more
prosperous. Radiation products are demanded in the market. The exercise of
market orientated economy, industrial restructuring and renovation have
brought about the growth of countryside industries. Villages, towns and
counties in many provinces especially in East China and South China have
become modernized. For example, Shanghai is growing to be the centre of
finance with bank, trade and economy in China even Asia and world. 30%
factories have been moved to suburb and countryside. And most remains of
factories with pollution and noise will be moved away from the centre of the
city in the 9th five-year plan period. Several middle-size cities around centric
city will be established. To introduce modernization to newly urbanized
countryside, industries have to provide electricity to farm and factories. In
addition, about 2000 high buildings have been stood up in Shanghai in recent
years and about 1000 more high buildings will be set up in the next five
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years. Reconstruction of old area and widening the streets are going on large
scale in the cities. All the events above promote a big market for radiation
products, such as electrical power cable, aerial cable, flame-retardant cable
and various kinds of wire. Heat shrinkable products are also needed in large
amount.

Owing to people often connecting radiation technology to radioactivity
or/and nuclear weapon, general public was cautiously with radiation products.
Therefore it is very important to convince them that radiation technology is a
high technology involving no radioactivity and benefit the living. A series of
training courses organized by IAEA has made people well informed of this
point. A director of Changshu Radiation Centre, which belongs to Changshu
county, Jiangsu province, Mr. Gu said progress of his knowledge on radiation
technology, experienced 3 steps:

keeping away - contacting ~ friendly to it.
Now his factory is identified by the national organization as a demonstrative
basis for joining industry, university and research institute to realize liigh-tech
industrial in China!

This factory occupied an area of 33000 m2. Over 80 % of the money
was invested on an electron beam facility unit by SINR for cable irradiation.
The irradiated cable products include overhead cables, flame-retardant cable,
network cables, and other cable and wire for electric equipment. These are
sold to users all over China and overseas as well. The annual production is
expected to exceed 100 M yuan RMB in 1996.

The whole project started on a piece of farming land in the end of 1992.
The facility ran in Autumn of 1994 and the project was accepted by the
national organization in 1995. Since the system was switched on in 1994, EB
processing line has worked well all the way. Operation hours of the machine
(3 MeV, 20 mA) is close to 3000 this year. Operation rate ranks first level in
Cliina. Status of the factory is shown in table 1.

This factory reflects the radiation crosslinking application in China. The
development of radiation crosslinking application in China is still impressive.

Radiation Curing Application
Radiation curing technology are well established in China. Research

on radiation curing technology started at early 70's in China. For the 80's,
industrialization of radiation curing technology had proceeded in some fields.
A number of industrial scale lines were set up in some chemical factories. In
the 90's, fast construction of cities and deep reform of industry lead to big
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market with great demand for radiation curing products. In 1994
consumption of various kinds of radiation curable products estimated to be
about 4000 Tons, most UV curable. Among them, industrial coating of 1800
- 2000 Tons, printing ink of about 1000 Tons, near 500 Tons for application
to electric circuit, about 100 Tons for automobile coating and 200 Tons used
for textile dye industry. In recent two years, radiation curable coatings used
in the field of decorating, for example, wood flooring, PVC flooring and
coatings for electronic circuit are demanded. Total consumption of radiation
curing products is expected about 6000 Tons in 1996, increased by about 50
% over that in 1994. To realize radiation curing industrializations in China,
we believe that by promoting interaction and cooperation with international
industry expertized in production of special chemicals, and radiation curing
technology, development can progress much fast than the past, especially EB
curing.

Other Radiation Application
Industrial radiation sterilization of medicals is becoming the most

successful radiation technology. Most Co-60 facilities have been installed in
commercial scale for medical products, Chinese medical herbs and cosmetics
sterilization and food preservation. And some of facilities are in the progress.
Some large facilities are located in Shenzheng, Qingdao, Beijing, Zhenzhou
and Shanghai. In 1995, about 500 000 boxes of medical supplies are treated
in these Co-60 radiation centres. Over 20 % /year is increased for recent two
years. Radiation sterilization technology is widely used and increasing
significantly. The development of an appropriate national regulation is
needed. With improving regulation, radiation sterilization will be growing
faster for the coming years. To assure public confidence and justification,
China Public Health Minister has made efforts to undertake the preparation of
the regulation in GMP and GRP for the purpose of products quality assurance
which is vital to the successful application of this technology to industry.

Radiation Application of Natural Polymer and RVNRL
China has participated in promotion of the technology of RVNRL,

however progress in this area was not fast. We made some investigation. For
gloves, very specific characteristics are called for. For condom, many kinds
being imported. The rubber industry however showed interests in rubber
radiation vulcanization.



The interest in radiation processing of natural polymers is strong. China
being a big country abundant in natural polymers however insufficient in
forest products. We need recycle and re-use of farm agro waste. Unless we
find reasonable economic usage of natural polymers, (not food but wastes
from food industry included), agro-waste will bring about pollution,
unfriendly to environment. We support the proposal implementation of a
project on radiation processing of natural polymer and RVNRL because this
is a radiation technology friendly to environment. We believe China surely
will cooperate well and make more efforts to promote RVNRL and radiation
processing of natural polymer.

Based on some basic research, development and application on RVNRL
have been developed. There are some industrial application in small scale. A
pilot of RVNRL was established by cooperation of Suzhou Medical
University with Suzhou Latex Factory. About 100 tons of latex can be
treated in this pilot. The project on industrial application of RVNRL obtained
support from Nation Planning Committee in 1995 and was approved by
General Nuclear Industrial Corporation for the 9th five-year plan period.
They intend to cooperation with Shanghai, Suzhou Latex companies to make
glove, condom and medical tubes. They would like to submit the project for
the assistance from IAEA.

Sichuan is a good area of China. There is saying in China, it said "a
country in heaven". This is real fish and rice town. Many kinds of natural
materials and agro waste can be used in industrial application with radiation
technology. We welcome such a project and need support from RCA
program, international and regional cooperation.

Radiation Treatment of Flue Gases and Water
Since early 90 's, because of increasing pollution into the fresh water,

city residents became more aware of the effect of drinking water on their
health. Many has installed purifiers at homes to treat tap water. The city
water supply did over and over make efforts to convince the people: the
quality of tap water complied well with GB standards. However, selling of so
called water purification units increases steadily. In the supermarkets, many
kinds of bottled pure water can be found on the shelve: distilled water,
astronomic drinking water, reverse osmosis processed water etc. The very
fact that ground water is polluted. Remediation is needed.

The Shanghai Applied Radiation Institute and the Environmental
Chemical Engineering Sector of Shanghai University did investigation jointly



with the Radiation Chemistry Laboratory of Chinese Academy of Sciences.
Our studies led us to planing the set-up of radiation treatment of water project
in Shanghai. Based on market research, information collected is the
following:

1. General public prefers physical processes for the treatment of drinking
water than chlorination.

2. The public thinks all chemicals that go into the water for cleaning the
water are harmful to health.

3. UV sterilization is acceptable.
4. Minerization water taken from the ground is considered health drinkable.

This investigation made us to believe EB, UV, ozone for water treatment
is feasible. In addition to R and D and pilot scale tests of EB treatment of
water have been established in the USA, Russia, Italy, Australia and Brazil.
In China, gamma disinfection of drinking water has been undertaken at
Qinghua University. The results showed disinfection dose of about 4 KGy is
effective. If a very small amount of chlorinated water is added to the raw
water, dose needed is reduced. At Fudan University, disinfection with UV
had been studied. It is believed mat catalysts added to raw water can make
UV more effective. SARI-SNRI group at present is carrying out radiation
chemistry study with pulse radiolysis at the radiation chemistry laboratory.
Treatment of water and active analysis of water component have been carried
out. To study the effect of ozone on radiolysis of water with TCE
(trichloroethane) preliminary experiment is to be done with a 2 MV Van de
graaff at SARI. For pilot scale test, a 2 MV 25 mA high frequency high
voltage generator is to be installed. Tap water will be treated at the beginning
stage. The throughput is set at about 100 tones/hr to 400 tones/hr depending
on ozone intake and pre-irradiation treatment.

Flue gases treatment is in the separated paper.

Review of IAEA/RCA Project Activities in 1995 - 1996
A series of activities were held in 1995 and 1996 (Table 2).
Radiation curing workshop at SARI in September 1995 fed greatly the

state of art in curable coating formulation to participants. Mostly impressive
were demonstrative on lab bench formulation of coatings for various
application with UV processors at SARI. 5th International Conference on
Asian RadTech held at Gualing in November 1995, emphasized the further
trend of radiation curing. Radiation curing as an advanced curing technology



friendly to environment must be promoted intensively in the region to
supersede conventional solvent base coating technique in the industries. In
Suzhou workshop, participants from factories expressed their great interest in
RVNRL, especially in processing technique of industrial production. In NTC
held in Beijing in October 1995, the lectures from Australian and local
experts lectured the'domestic and international trend of industrial sterilization
of medical appliance, GMP, GRP and QA, processing control of radiation
system, economics and management, ISO application etc.

In May 1996, National Workshop on Economic Beneficial Operation of
Radiation Facilities (Co-60 source) organized by Beijing Institute of Nuclear
Engineering was held at Qingdao. The participants exchanged information
about economic aspects of various industrial application of radiation
processing, discussed and analyzed the main factors affecting the economics
of the technology. Invest, cost market, radiation chemical products,
sterilization, food preservation were also discussed.

The national seminar and training course on accelerator application to
cable and wire were held in Changchuan at the end of June 1996. Lectures
contain materials for cable and wire, heat-shrinkable materials, radiation
processing technique etc.. The participants visited the Radiation Centre of
Jingling Chemistry Research Institute. There is an EB processing line for
cable and heat-shrinkable products. It rums out of about 100 M yuan RMB in
this year. It is an important bases of radiation products in North-East area in
China. Another seminar on EB accelerator application was held at Lanzhow
Modem Physics Institute in October this year. National Isotope/Radiation
Society, the officer of National Science and Technology Committee and
participants attended and discussed the related problems. They proposed a
plan of EB processing application for the next 5 years. At present most of EB
lines operate inefficient in China, and in some* operation hour rate is only
30%. In R & D, 80% budget was proposed to develop various kinds of cable
and wire, some special types of cable should be emphasized, such as
communication cable, aviation cable, household electric appliance cable,
marine cable, flame-retardant cable, cable for nuclear power and high
temperature-resistant cable etc..

National seminar on radiation curing was held at Wusi in mid October
this year. The participants exchanged information and discussed present
status of radiation curing in China. Because of construction boom in many
cities in China wood flooring becomes a "must" in interior decoration. The
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demand is so big, then dust free UV urethane coating gets this access to
consumers. Coating for electronic circuit is also increased fast in need.

China-Japan bilateral symposium on radiation chemistry was held at
Chengdu in early November this year. About 80 scientists and engineers
from university, research institute and enterprises took part in this symposium
and exchanged the information on-radiation chemistry and polymeric material.

Radiation technology interests more and more persons from the
industries. These IAEA/ RCA activities have played significant role for
radiation technology transferring to industrial application.

Plans Proposed for 1997 -1998
1. RS on radiation treatment of waste water and drinking water

Shanghai September 23 - 27 or October 1997
3-4 experts from Austria, Canada, Japan, USA and Russia

2. NW on cost-effective uses of electron accelerators in radiation processing,
Beijing Second half of year 1997
1 expert from IAEA

1998
3. NEMS on radiation treatment in environmental protection (waste water

and drinking water)
Shanghai Second half of year 1998

4. NW on radiation application in environmental protection (flue gas)
Beijing or Shanghai Second half of year 1998

5. NS on RVNRL application
Suzhou Second half of year 1998

6. RW on qualities assurance of industrial radiation sterilization for medical
application and application of ISO standard
Beijing 1998

7. RW on radiation processing in recycling of natural polymers (agro waste)
Shanghai or Beijing 1998



The seminar on cost-effective uses of electron accelerators in radiation
processing is a very useful and practical. There are near 40 EB processing
lines in China and most of the lines is running inefficiently, operation hours
rate for some lines is only 30 %. How to use cost-effectively these EB
processing is a big problem. The managers are interested in seminar or
workshop like the seminar on Co-60 source held in Qingdao in 1996.

Mr. Zhu Jiang, China's RCA project coordinator, said that the proposal
"RS on Radiation Treatment of Waste Water and Drinking Water" had been
proposed at the 18th RCA Working Group Meeting held at Beijing in May
1996. The officers of IAEA's Affairs Office, China stressed that arranging a
regional seminar on this project is very significant for environmental
protection since this is a key target of RCA in new phase. Shanghai
University [including SARI] has already made preparation for the coming
events (1997). To promote radiation application in Asian-Pacific and in
China, SARI will always do her best to make contributions as we did in the
past working.

More education programs, technical assistance and international as well
as regional cooperation organized by IAEA/RCA are quite necessary for
promoting application of radiation technology, especially in environmental
sustainable programs.

Finally, we are most grateful for the effective organization and
successful work of RCA, and also much appreciate for the great efforts and
excellent services from host.
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Fig.2 Industrial application of radiation crosslinking in
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Table 1 Progress of Changshu Radiation Centre

Date or Item
1985 ago
1989

1992

1993
1994
1995

1996

up to 1996

Products

Further
products

Item
No idea on radiation technology
Having trained and began to explore the irradiation
technology
Whole project on radiation crosslinking application started
on a piece of farming land
EB machine of 3 MeV 20 mA installed
The EB processing line working
The project was checked and accepted by the related
national organization
The EB machine running close to 3000 hrs, production
value is about 100 M yuan RMB
Two processing lines working, cable irradiation system and
track-carriage system.
Cable produced about 17300 km long for recent two years
Modification of materials and products sterilization.
Cable crosslinking; heat-shrinkable materials (tubings,
pipes, cable accessories); wood-polymer products, high
temperature-resistant bellows; medical and health-care
products, porcine skins and Chinese medical herbs.
In addition, rubber regeneration, food preservation, crystal
irradiation, gem colouring, temperature-resistant films.



TABLE 2 IAEA/RCA EDUCATION ACTIVITIES IN CHINA IN 1996

DATE

95.11

96. 5.
27-31

96.6.
24-30

96.9.
21 -30
96.10.
15-18
96.10.24

96. 10.28
-11 .1

RS

NW

NS
and
NTC
NS

NS

NS

RS

CONTENT

5th Asian RadTEch
Coference on Radiation
curing
Economic beneficial
operation of y ray
radiation facilities

EB accelerator
application to cable and
wire
EB accelerator
application
Radiation curing

National Conference on
activation analysis
China-Japan lateral
Seminar on radiation
chemistry

VENUE

Guiling

Beijing Institute of
Nuclear Engineering
Qingdao

Changchuan
Applied Chemistry
Institute
Lanzhow Modern
Physics Institute,
Wusi

Chengdu

Chengdu

PARTIC1
PANTS

228

120

70

70

100

50

80

EXPERTS or ITEM

106 foreign and 122 local participants

6 (Mr. Malkoske, et al) from Nordion
International Inc.
2 from Russia-UK joint company
3 from Korea, 6 experts from local
Discussion, visit and exchange
information
7 local experts
Exchange information and discussion,
proposed suggestion
Review the past and make the further
plan
Including analysis of environment,
polluted water, underground water
30 from Japan and 50 from China



RADIATION TKCHNOLOUY

INDIA
This report briefly covers the activities in radiation technology during the recent past
and its current status.

The past lew years have been a very exciting period with regard to the development of
radiation technology and radiaiion processing in India. Not only are many programmes
performing satisfactorily, bin the current R&D programmes promise a great deal for
the Inline.

Regarding the operating plants, the ISOMED Plant for radiation sterilization of medical
products, is operating very satisfactorily. Its capacity was augmented by about 50%
during this year. It has now completed 20 years of successful operation and is being
used by a wide variety of institutions. It can now process I50UU cubic meters of medi-
cal products per year. In the area of irradialors. three irradiators arc operating at
Bangalore, Delhi and Jodhpur primarily for radiation sterilization of medical products
and related aicas.

The topic of food irradiation is covering momentum with (lie approval of (iovcrnmciU
for radiation processing of spices of potato and onion for domestic consumption and
export.

A plant at Baroila lor sewage sludge treatment has also operated well during the year.
Its capacity is about 20 tonnes of sludge per year.

A 500 KcV I0KW electron beam machine developed at Hhabha Atomic Research
(•(•niic is brine sri up lor the Board i>l Radiation and Isotope Technology (BRIT).
When ready, this machine will give a big boost to ladialion piocrssing in India. The
Radiaiion Sterilization of medical products lias manned into a fully commercial status
with private entrepreneurs coming forward to set up such units in (lie private sector.

A prototype irradialor for potatoes and onions is being set up at BAIU' for fabrication
and installation.

Radiation prnerssrd adlirsivrs

It has been shown that emulsions ol monomers can be polymerized at very low doses
by gamma radiaiion to give adhesives ami coalings of various types. Under suitable
conditions pressure sensitive adhesives can lie obtained using gamma radiaiion doses as
low as .U10-700 gray. In order to enable these adhesives to lie produced commercially in
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a short lime, ihis process was miulil'icd lo use conventional polymerization techniques
instead of radiation. Pressure sensitive adhesives using this conventional route are now
in commercial production. However, it is hoped thai in the near future the radiation
process also m:iy be put to commercial use.

R:idi:ilicm iiiimnhili/.iilinn of live hsirlriin

ll has been shown that by using a post ii radiation immobili/alion technique developed
at Bhabha Atomic Reseaich Centre, I he spices, bacillus spliacricus could be immo-
bilized live in hydrogcls. These bacteria are know pathogenic lo human being, but toxic
to mosquito larvae. By impregnating pieces ol slyroloam with ihc gel containing bacle-
ria and coaling Ihcse pieces on mosquito infested waters, the larvae could be easily de-
slioycd. The pieces remain active for alk-nst 3 weeks. Tests at various places at
Mumbai have shown lhat dirty waters such as those in gullets, septic tanks and ponds
could be kept free of mosquito larvae lor substantial periods. I'tirlher developments in
Ibis icgaitl ;uc expected.

Radiation processes in micro emulsions

Nanoclusiers of nielals such as cupper, nickel, cobalt and cadmium have been success-
fully prepared by both gamma and electron inadialion ol inicroemultions containing
salts of these metals.

Water purification by using low energy clcclrons

By using electron irradiation wiih the energy ol the electrons in the range of 8 lo 12
KeV, il has been shown thai chlorinated organic compounds present in ihc water can be
easily decomposed. Since such low energy electrons can be easily generated, this
method look.s promising wilh regard lo removal of chlorinated organic compounds from
water.

Radiation Crossliuking of Polyethylene ' ( ) ' Rings :

Radiation crosslink ing of polymers is a technological process which ws one o\ first lo
realised on a commercial scale lor imparting shape stability at elevated temperature
especially above ils melting poinl in older lo extend the operating temperature range or
lo realise I he ellect of shape memory. Kccenl years have seen ils increasing commercial
usage specially using T.B as radiation source. W have studied, in collaboration wilh a
local indusiiy. the radiation crosslinking of polyethylene "O" rings using electron beam
accelerator in order to impart them dimensional stability at I8U°C These rings are used
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as inner gaskets of oil drums. Since uniform delivery of radiation dose is Ihe only criti-
cal parameter thai is to be controlled, standardization of "under beam irradiation engi-
neering" like the lype conveyor system has been designed to uniformly irradiate poly-
othylonc "O" rings lo ilcaircc! - rniliniton duscs mul the various characteristics of the
sample viz. cryslallinily, mcll flow, gel conlenl. equilibrium swelling ration and llicr-
momcchanical behavior. The final product has been found suitable for the desired end
use as per manufacturers specification. Commercial production for crossliuking
100,000 rings/day is expected lo begin in immediate future.

l'oly trtraflinoctliylHir (ITM.) Dcgmdainiii :

I ' lTE is a unique engineering plastic with excellent high temperature stability, strength
abd resistance lo corrosive chemicals, lls outstanding anti-friction and non-stick proper-
ties coupled with its non-toxic nature lias resulted in its use as a dry lubricant, additive
lo lubricants and as a non-stick coaling material. However, the polymer is extremely
resistant lo pulverisation and when pulverised at I8O"(', the high molecular weight
powder progressively agglomerates. Portunately. ITI'T. belongs to a class of polymers
that predominantly undergo chain session on exposure lo high energy radiation. A
single stage r-irradialion process has been developed which utilises a virgin I'TFH-
gradc. rejected due to inferior specifications, as (he raw material lo produce low
molecular weight ( I x I01 - 1 x It)5 ) I'TFIv. The particle size of this low macular
weight \r\'\:ll can be brought down lo < 10 /tin without need for jet milling. The
annual domestic demand for the material is about 15 tons/year. The material is now
being regularly produced in large quantities. A similar process using I:.H irradiation is
ben investigated.

Radiation Vulcanization «»T Natural Rubber Lalcx (RVNRL) :

India is the third largest producer ol natural rubber latex in Ihe world. A signilicanl
part of lalcx is used for production of dipped goods, ol which, the various types of
rubber gloves from the largest items, the oilier being baby teals, soothers and rubber
ballons. ll is now well established thai Ihe conventional sulphur vulcanisation ol" rubber
lalcx results in the formation o( carcinogenic niirosoamines in rubber and many coun-
Iries when? such products are exported have pul severe restrictions on their concentra-
tion in rubber products. The progress accomplished in last radiation curing of natural
rubber latex during last leu year have resulted in the development of a promising new
technology - radiation vulcanisation of natural rubber latex (RVNRI..). Since, in India,
the dipped goods rubber industry is mainly in the small scale industry sector located
around (he southern stale of Kerala, where >80% of natural rubber latex has been
commissioned at Koltayam (in Kerala) in April 1992. The plant is designed to house
1.1)0,000 curies of C.ooO and can process about one tone of RVNRL per day. The use
of RVNRI for production of high quality dipped rubber products has been successfully
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demonstrated at this centre. Al present, the plant produces about 8 MT of RVNRI,
annually. The entire quantity of irradiated lalex produced is sold to the small scale
industrial users at cost price. Negotiations ate in progress lo further increase the source
.strength to the maximum ruled capacity so as to meet the increasing demand from
customers.

Colour Kiihaiicrincnl in Diamonds by Kit Irradiation :

India is one of the major exporter of linished diamond jewelry. Coloured diamonds and
precious stones have a heller stability and added value. The colour enhancement in
diamonds can be aciiieved by imparting extremely high radiation doses using an elec-
tron beam (£13) accelerator without undue heating of material. With 2 MeV electrons,
there is no induced radioactivity in the irradiated diamonds, this work being done on a
commercial scale and has potential lo become a major liB application is very near
future in India.

Head Shriiikahle Tubing:

Crosslinking ol polyethylene (IMv) heal shrinkable lubes, which arc as wire joinis has
been successfully carried out on a pilot plant scale using Illeclron IJcam accelerator as
the radiation source. A pilot scale expansion line for expanding crosslinked products
has been commissioned. The post irradiation Icsl.s have been carried and a dose: of 150
kGy was found optimum for tubing made from polyethylene containing TAC as the
snisili/iT. The process is lu*inj». scaled up and commercial applications of this product
are expected soon.

Crosslinkcd Wire and Cables :

In order to crosslink wire and cables, a specially designed l;igure ol" eight1 conveyor
had been designed lo irradiate the conductor fro bolh the sidis and thus ensuring uni-
form irradiation of the product. In the initial pilot scale study, 25 km length of wire has
been irradiated lo the desired dose and the final product satisfies all the standard tests
for wire/cables. lUTorts are being made lo involve Indian industries lor commercial
exploitation of these products.

Development of Radiation Processed Drug Delivery System :

Radiation polymerisation had cincigcd as a very convenient method lo prcpaic drug
delivery systems (I)I)S). HiiKnmpatibililv is the must important properly of these drug
ileliveiv systems since their use involves inlet act inn with living organism such as blood
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and tissues. Radiation processing oilers many advantages lor producing these biomalc-
rial. such as additive free polymer matrices, simple, versatile and reliable process
which can be applied lo many materials. We. have studied radiation polymerized drug
delivery system Tor sustained release ol drugs such as nitroglycerine and Dilliazem
hydrochloride.

The nitroglycerine-system is based on a copolymer of 2-clhyl hcaxyl acrylalc (2-lillA)
and methyl melhacrylale (MMA) lor iransdermal delivery of ihe drug. The product has
been tested on the animals and was found lo be non-irrilanl ans stable in extremes of
temperature and humidity.

A new technique was developed lo prepare 2-lll.iMA based copolymcr beads incorpo-
rating MMA/NVP. After copolvmcrizing and crosslinking Ihe monomers at -78 C, the
beads were loaded with ihe drug (l)illiazcm hydrochloride. a calcium channel antago-
nist) from EU)II:I12O mixture and subsei|uenlly dried. The drug release profiles
showed a near-zero order release kinetics with the required initial burst of therapeutic
concentration. A sustained release of (>0 mg of the ding over a period of l>-l() hours
was achieved.

l'"ast-response Kmli:ition Oossliiiked Tniipwuliirv Sensitive
llydrogels:

"Responsive hydrogels" arc ihc crosslinkcd polymeric inalerials whose swollen volume
undergoes a sudden change in response lo an external stimuit viz. temperature, pi I,
electric current, light intensity etc. The applications of these gels are being sought in a
variety of areas such as drug delivery systems, sensors, as actuators, as artificial
muscles and in robotics. Many of these applications demand a last rate of change
(response) lo the external stimulus. Since most ol the conventionally polymerized
liydrogels are homogeneous lo allcasl micron level, their response is extremely slow.
Crosslinking of such hydrogels at extremely high dose rales specially form lilJ accelera-
tors, can result in the formation of gels having hclegeneous erosslinking. We have
synthesized a last-response temperature sensitive, hydrogen (Poly vinyl methyl-ether.
PVMI:) by crosslinking the linear polymer by HI) crosslinking. The material produced
show 100-1000 times faster response than the conventional hydrogcls. The technique is
now being tested lor making other fast response hydiogHs.

K:uli:itiuu (Hailing Studies:

The cfleet of additives such as mineral acids, uiea and polnluuclioiial monomers tin Ihe
(•.railing ol slvienes on pulyineiic substrates have been studied by various workers and
is well icporled in litaaiuic. However, the exact mechanism which explains the in-
crease in grafting al certain concentration of additives only, is still not clearly under-



stood. We have inilinlcd a detailed investigation of llie effect ol' additives on' grafting a
number of different monomers on various kinds of polymers to understand the exacl
mechanism.

Future I'i'oj*r:iiii.s:

Reduction of Derive of Polymerization (1)1*) of Paper Pulp:

A pilot scale study is in progress to reduce the degree of polymerization of paper pulp
by Electron Beam irradiation in order to reduce the solvent consumption in Ihc subse-
quent production of fiber from the pulp. The study is being carried out in collaboration
with one of the leading rayon manufacturing company. It is expected that a full com-
mercial scale activity for the process will be initialed shortly.

Development of Ilydrugc&tascd Wound Dressings:

Recently, the commercial development of radiation processed hydrogen dressings 'I'"1

act as an excellent temporary covering for burned wounds, has been reported by many
research worker. We have also now undertaken a progiamme to develop similar wound
dressings using election beam aeceleialor for irradiation.

Curing of surface cir.itiiigs lor wood panel and oilier products
usiii)' Kiwi run llc:mi nrrrlvrsUor:

A strong effort had been devoted by us in the past lor the development ol Y-radial ion
processed wood plastic composites and suitable formulations were designed for produc-
ing end-use composites lor the building trade. The advantages these new materials
offered failed to enthuse the industry presumably due to high cost of product. However,
in recent years a log of inieiesl has been evinced in pioeessing coalings using Klcelron
Beam accelerator where cost ol producing such materials can be sigiiilicanlly reduced
as ihc quantity of monomer required for coating of surface alone is much as less.
Besides, the high throughput achieved by T.B treatment can also bring down the pro-
cessing cost. Keeping these'things in view, a programme to develop liB based surface
coalings for various substrates such as wood, paper, steel etc. will be taken up.

Radiation Vulcanization of Natural Rubber Latex using KB
Accelerator:

As mentioned earlier, the use of gamma radiation technology for radiation vulcanization
o\ natural rubber latex lias been successfully demonstrated in India. Makuuchi and
eowinkeis have lecmlly shown thai I he cost irradiation can lie significantly reduced by
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-utilizing \'.\\ accelerator as 11n- r;i<li;dion sourer even without using any scnsilizer. A
programme to study and standardize the- vulcanization conditions lor idegenous natural
rubber latex utilizing the U.I I n l\ll accelerator wil l be taken up and a comparison vis-a-
vis gamma radiation technology will be made lor cosl effectiveness as well as the
product characteristics.

Development of ICB Curable Aery (ale Hnsctl Olignmcis that can be
cured in presence of oxygen:

The ILU-6 accelerator necessitates radiation curing of monomers to be done in presence
of oxygen as a blast of air is used to prevent excessive healing of the beam exit window
as well as (lie product. However, the presence ol oxygen inhibits curing of acrylale
films. Acrylale formulations, containing suitable additives, which can be eiyed in
presence of oxygen will be developed lor surface coalings.
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COUNTRY REPORT - INDONESIA
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National Atomic energy Agency,

Center for The Application of Isotope and Radiation
Jakarta - Indonesia

INTRODUCTION

The present status of iradiation facilities avaible in Indonesia,
UNDP/IAEA/RCA project implement during the period of 1993 to 1996 mainly on
RTC/RW/and RS, expert misions, R & D activities and future program of the
Radiation Technology in Indonesia are reported.

IRRADIATION FACILITIES

Table 1 shows a list of gamma-rays irradiators, the year of starting operation,
source activity and an estimate of investment for each irradiator. As can be seen in
table 1., a new gamma rays irradiator, namely Gamma Chamber 4000 was established
in 1994 i.e. during the period of project implementation (1993-1996). There are still
one private company, namely INDOGAMA, operates gamma rays irradiator
commercially since 1990. In case of INDOGAMA it was noted that the company
should make extra effort to keep run the irradiation facility. This is because the
company could not make enough profit especially due to inadequate amount of
products are irradiated in the facility. There are some obstacles should be overcomed,
begin from inadequate amount of medical and pharmaeutical product until the poor
regulation concern with the application of radiation sterilization technique.

Table 2. shows two electron beam machines EBM which are now avaiable in
Indonesia. The two EBM are belong to CAIR-BATAN, a National Research Institute
in Jakarta. During the project implementations, one EBM of medium energy, i.e. 2
Mev and 10 mA maximum current was established in 1994. This facility is dedicated
to energize R&D in radiation crosslinking of wire and cable as well to study and to
demonstrate different applications of radiation technology. For example, the use of
EBM for sterilization, flue gas treatment etc.

Table 3. shows the only one UV processor which are used to supporting the
R&D in the field of curing of surface coating.

All the irradiation facilities are operated in a good performance.

1
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REGIONAL TRAINING COURSE

Table 4. shows a list of participants from Indonesia that attended Regional
Training Course, Seminars and Workshorp during the project implementations from
1993 to 1996. Totally twenty two (22) participants. Among the participants, there are
eight (8) female participants. This is a good balance of the female and male
participants. In additions, among the participants there are six (6) participants coming
from out side BAT AN, mainly they came from Private Company, University and other
Government Institute such as Ministry of Health and Ministry of Finance.

Table 1. Gamma-Rays Co-60 Irradiator

No.

1.

2.

3.

4.

5.

N>nt

Gamma Cell 220
AECL

IRPASENA
BARC

IRKA
RCA

INDOGAMMA
AEC

Gamma Chamber
4000
BARC

Location

PAIR-BATAN
Jakarta

PAIR-BATAN
Jakarta

PAIR-BATAN
Jakarta

Bekasi, Jabar

PAIR-BATAN
Jakarta

Owner

Govt.

Govt.

Govt.

Private
Co.

Govt.

Start

tioa
Cv*»r>

1968

1979

1983

1990

1994

Present

Scrams
Activity

1000 Ci

70000 Ci

140000 Ci

300000 Ci

10000 Ci

Eftowte
imtcstttea*

10.000

100.000

1,000,000

5,000,000

40..000

Application

R&D

R&D Ster.
Food Irrad.

RVNR pilot

Sterilization

R&D

Table 2. Electron Beam Machine

No.

1.

2.

Name

EPS-300
(NishinHV-RCA)

EBM GJ-2
(SXF-China)

Location

PAIR-BATAN
Jakarta

PAIR-BATAN
Jakarta

Owaer

Govt.

Govt.

Start
opera-

tion
<>*ar)

1984

1994

Power

300keV,
50 mA

2MeV,
10 mA

Estimate
investment

600,000

2,500,000

Application

Curing pilot
&R&D

Crosslinking
pilot &
R&D



Table 3. UV Processor

No.

1. UV-Processor
(RCA)

PAIR-BATAN
Jakarta

Owner

Govt.

Start
©per*-

1990

Power

80 w/cm2

.Estimate

15,000

Application:

R&D curing

Table 4. RAS/92/073
RTC & RW Partipants 1993 - 1996

Tin.

1993-

1994

V

No,

1.

' 2.

3.

4.

' 5.

' 6.

7.

s.

_
9.

10.

Jfemeef
JPartirfpwrt

EtnunKilrin

Anik
Sunami

Gatot
Trimulyo

Susilo

Dr. Jamuzi
G.

Joseph
Sasung

Anis
Dewanto

KuslN înah

^ —
Dr. .Mirzan
T. Razzak

Darmaw^n
Darwis

Sex

F

F

M

M

M

M

M

F

M

M

PAIR-BATAN

PAIR-BATAN

PAIR-BATAN

PAIR-BATAN

University of
Indonesia

PUSDIKLAT-
BATAN

INDOGAMA

Ministry of

PAIR
BATAN

PAIR
BATAN

RTC on Environ-
mental Application
of Rad. Technology

RTC on Environ-
mental Application
of Rad. Technology

RTC on Rad. Tech.
for Environmental
Conservation

RTC on Rad. Tech.
for Environmental
Conservation

RTC on
Fundamental
Departs of Rad.
Tech. and Environ-
mental Application

—,

RTC on Rad.
Sterilization
Validation,
Regulation and
Appl. or ISO
Standard

Regional Seminar
on Flue gas

Seminar on
Radiation Techno-
logy of Biomaterial
Application

"Kate

Takasaki,
Japan

Takasaki,
Japan

Takasaki,
Japan

Takasaki,
Japan

Takasaki,
Japan

Bangkok
Thailand

L.

Takasaki
Japan

Shanghai
Cina

XtanCfoR

10-21 May
1993

10 Sept-8 Oct.
1993

10 Sept-8 Oct.
1993

10 Sept-8 Oct.
1993

• —

July 4 - 15 1994

Oct. 17-21-
1994

Dec. 12-16
1994

Activity
Ontptft

1.7.3

1.7.3

1.7.3

1.7.3

1.7.3

—
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Tim.

1995^

1996

No.

11.

12.

' 13.

14.

—
• 15.

/ 16.

• 17. _

f 18.

' 19.

' 20.

21.

22.

2.3.

Nwneof

Erizal

Winarti
Tabayani

Yosep
Sasung

Yustini

Darmawan

Dr. Endang
Asiyati

^Kahayu
Chosdu

Arifin
Kustiono

Darsono

FATH/AJARL

Rahayu
Chosdu

Sex-

M

F

M

M

M

F

F

M

M

F

F

M

u n

Snriftater .

PAIR-BATAN

PAIR-BATAN

PUSDIKLAT
-BATAN

PUSDIKLAT

PAIR-BATAN

University of
Indonesia

PAIR-BATAN

BPTA

PAIR-BATAN

Ministry of
finance

PAIR-BATAN

A
RTC on Application
of Radiation
Processing for
Decontamination of
Li gard Waste

U

RTC on Advanced
Application of
Radiation
Technology
Biomaterial
Application

Biomedical
Application

R.W.onsafe
operation of
Radiation Facility

JLo

Rad. curing .(.Kfci

R.W. on Regulation
and inspection of
operation of
radiation facilities

Ptace

Takasaki
Japan

JU

Takasaki,
Japan

Takasaki.
Japan

Jakarta,
Indonesia

fturadon

A
July 10-21,
1995

Feb. 27 - March
10,
1995

* * •

August 21-25,
1995

Dec. 9-13,
1996

< •

Actfvftr

1.6.1

1.7.6

2..V2

'•P

Expert Mission

Table 5. Shows a list of expert mission came to Indonesia during the project
implementation 1993 to 1996.



Table 5. Expert mission to Indonesia

no.

1.

2.

3.

4.

5.

6.

Name

DR. A. Kovacs
(Hungaria)

DR. H. Namba
(Japan)

MR. K. Ueno
(Japan)

MR.M. Ochi
(Japan)

MR. S. Hashimoto
(Japan)

DR. Brian D. Raid
(Canada)

Dura&jn

Nov. 14-Dec.l4,
1993

July 27-August 7,
1994

July 31-August 3,
1994

July 31- August 3,
1994

Dec. 5-7, 1994

Jan. 24-25, 1995

Dsty

Dosimetry Commisioning
ofMBE2MeV, 10 mA

Set-up flue gas treatment
exp. and National
Seminar on EBM

National seminar on
EBM Utilization

NS Radiat Proccessing of
Sewage sludge

National Seminar on
Rad. Proc. in Cosmetic
and Pharmaceutical
Industries

Remarks

INS/8/017 and
RAS/92/073

RAS/92/073

c*4u.

U{ .

ifY

IM

During the project implementation, expert from Indonesia was also dispatched
to Phillipines, as shows in Table 6.

Table 6.

No.

1.

2.

Name

MR. Marga Utama

MR. Marga Utama

Country to be visited

PNRI, Phillipines

Duty

RVNRL

Dotation

Augusl 17-Sept. 9, 1994

Oct. 28-Nov. 9 , 1996

'f.y.

'•?•/ •

NATIONAL SEMINAR AND TRAINING COURSE

In order to promote the application of radiation technology in Indonesia,
several Seminar/Symposium as well as training course have been organized as shown
in table 7.



ACHIEVEMENT IN REGULATION

During the project implementation, there are 3 (three) regulation have been
established :
1. Guideline of radiation safety at irradiation facility (1993);
2. Good Radiation Practice for healthcare products (1994);
3. Quality assurance procedure of Radiation Facility (1995).

The regulation were established by Ministry of Health "of the Republic of
Indonesia.

Table 7. National Seminar and National Training Course.

Ho,

1.

2.

3.

4.

5.

6.

7.

Scientific meeting on
EBM and its
supporting
instruments.
National seminar on
EBM.

National seminar on
the application of
isotopes and radiation.

National seminar on
radiation processing
in cosmetic and
pharmacetical
industries.

National training
course for irradiator
operator.

National seminar an
radidon technology.

Bilateral symposium
on radiation
technology for friendly
environment.

Dale

Feb. 16-17, 1993

August 1-3,
1994

Dec. 13-15, 1994

Jan. 24-25, 1995

Nov. 22-28,
1995

Jan. 9-10, 1996

Jan 1-3, 1996

Placed

PAIR-BATAN
Jakarta

Hotel Indonesia

PAIR-BATAN
Jakarta

PAJR-BATAN
Jakarta

PAIR-BATAN
Jakarta

PAIR-BATAN
Jakarta

PAIR-BATAN
Jakarta

ftaattictpan
t

75

140

120

70

20

no

90

Remarks

Attendence
Research Inst.
University, and
companies
Three expert
from IAEA.

One IAEA
Expert

PAIR-BATAN
BPTA
PSPKR
Pusdiklat

Japan-
Indonesia
Bialteral
Research co-
operation.

/ - ? *



RESEARCH AND DEVELOPMENT

Research and development in several area of radiation technology are
continued.

Different research theme such as biomaterial, degradable polimer, crosslinked
polymer, grafted polymer, flue gases, Radiation vulcanization of natural rubber latex,
Radiation curing and radiation sterilization of medical products were done at PAIR-
BATAN and some of the subjects were collaborated £BBS with University of
Indonesia anf Science Institute of Indonesia.

A research cooperation was also established between PT. Mitra Banjar to
improve the condom performance and mechanical properties of RVNRL.

Some industrial trial production were also done to apply RVNRL, especially in
adhesive factory and rubber thread. One baby nipple rubber company is being
prospected to use RVNRL.

PUBLICATIONS

Several scientific papers have been published in different journal and
proceedings during the project implementation (1993-1996). Some publications are as
follows :

1. Mirzan T. Razzak, Sutjipto Sudiro, Adjat Sudradjat, Ashar Waskito and Djamili
M.F., Preparation of Alanine / ESR Dosimeter using Different Binder of Polymer
Blended, Radiation Phys. Chem. 46, 4 - 6 ( 1995 ) 1263 - 1268.

2. M. Utama, Trial Production of Examination Gloves from Irradiated Natural
Rubber Latex in Factory Seale, Procciding Int. conference on Frontriers of
Polymer Materials, Plennum Publ. 649, New York (1993).

3. R. Chosdu, N.Hilmy, R.Tobing, LTK Kicky, M. Razzak, A. Kovacs and A
Miller, Dosimetry Measurements during the Commisioning of the GJ - 2 Electron
Accelerator, Radiation. Phys. Chem. 46, 4 - 6 (1995) 1175 - 1179.

4. Darmawan Darwis, Furino Yashii, Keizo Mahunchi and Mirzan T. Razzak:,
Improvement of Hot Water Resistance of Poly (vinyl alcohol) Hydrogel by
acetalization and irradiation technology, J. of Appl. Plym. Sci., 55 (1995) 1619 -
1625.

5. Mirzan T. Razzak, Yoneho Tabota, Kazuhige Otsuhata, Modification of Natural
Rubber by Different Grafting Techniques, Ra. Phys. Chem. 42, 1 - 3 (1993) 57 -
60.

6. Sugiarto Danu, Darsono and Anik Sunarni, Lamination of Paper on Wood Panel
Surface by Radiation Technique, Soehadi Reksowardoyo Chemical Engineering
Seminar, Bandung Institute of Technology, Bandung, Oct. 24 - 25, 1996,
(Indonesia).



7. Gatot Trimulyadi, Sugiarto, Anik S and Darsono, Lamination of PVC on Wood
Surface by Using Radiation Technique, Presented at Soehadi Reksowardoyo
Chemical Engineering Seminar, Oct. 24 - 25, 1996, Bandung Institute of
Technology, Bandung (Indonesia).

8. Darsono, Zainuddin, Aspiyanto, Syahrul Aiman, Tita P and Mirzan T. Razzak,
Radiation Graft Isopolimerization of Acrylic acid onto Poliethylene Film for
Reverse Osmosis Membran, Proceeding of the Applicationof Isotope and
Radiation, National Atomic Energy Agency, Jakarta, 1994 (Indonesia).

FUTURE PROGRAM

1. Continuing R&D in Radiation Technology;
2. Continuing effort to promote and to accelerate the utilization of radiation

technology in Indonesia;
3. Continuing Bilateral & International Research cooperation in order to improve

man power capability in R&D as well as in industrial site.

CONCLUSION

UNDP/IAEA/RCA regional project for Asian and Pacific on the use of
isotopes and Radiation in period of 1993-1996 has accelerated national programs for
having irradiation facilities of EBM 2 MeV, 10mA and gamma chamber 4000 as well
as to energize the R&D in the field of radiation technology. A. J&



IMMEDIATE OBJECTIVE 2
OUTPUT

2.1

2.3

2.1.1

2.1.2

2.1.3

2.1.4

2.1.5

2.1.6

2.3.1

2.3.2

2.3.3

2.J.2

ACTIVITY

NC network

EAGM: Standards

RTC: Process and Quality Control

MALYSIA COURSE

RWS: Process Control &

Dosimetry

NTC:

NS:

RS & NS: GMP & GRP

RWS: Safe Operation of Radiation

Facilities

To produce written guidelines

RTC: Rad. Ster.-Validation,

Routine and Appl. of ISO

Standards. BKK, July 1994

INDONESIA COURSE M»r. 96

BGD

1

2

1

PRC

1

2

120

40

40

1

2

IND

1

1

1

INS

3

20

70

2

2

3

ROK

1

1

MAL

2

3

1

1

MYA

1

MON

1

PAK

1

1

1

PHI

1

30

4

2

2

SIN SRL

1

2

TAI

2

2

3

10

VIE

1

2

50

1

2

\



UNDP/RCA/IAEA RADIATION TECHNOLOGY
IMPLEMENTATION OF ACTIVITY BY MEMBER STATE

IMMEDIATE OBJECTIVE 1
OUTPUT

1.6

1.7

1.6.1

1.6.2

1.6.3

1.6.4

1.6.5

1.6.6

1.7.1

1.7.2

1.7.3

1.7.4

1.7.5

1.7.6

1.7.7

1.7.8

1.7.9

1.7.10

1.7.11

ACTIVITY

RTC: Liquid Wastes

NMS: Liquid Wastes

EXP: Liquid Wastes

RTC: Flue Gases

RWS: Flue Gases

NMS: Flue Gases

EXP: Flue Gases

RTC: Radiation Curing

NTC: Radiation Curing

RTC: Fundamental Aspects

EXP:

NCM:

RTC: Advanced Applications

RTC: Advanced Applications

Shnghai Course 1994

NS: Advanced Applications

EAGM

Intern. Symposium on RVNRL

NTC: RVNRL

FS: Advanced Applications

BGD

1

3

4

2

1

1

1

PRC

1

3

3

30

5

3

80

5

4

4

2

6

340

2

2

15

IND

2

1

1

3

5

3

4

2

2

2

2

45

INS

3

27
*1

1

2

6

6

4

2

2

140

2

5

ROK

1

2

21

4

1

4

1

MAL

2

1

2

48

3

2

89

1

1

4

2

1

135

2

100

25

MYA

1

1

3

MON

1

1

4

PAK

1

1

1

1

4

4

1

PHI

2

2

29

1

1

26

4

4

4

1

1

16

1

1

SIN

4

SRL

1

1

3

4

1

5

33

TAI

2

2

2

2

4

4

1

1

21

1

3

39

VIE

2

1

1

3

4

2

4

1

1

1

2

40



COUNTRY REPORT: JAPAN

CONTRIBUTION TO THE JOIN UNDP/RCA/IAEA
RADIATION TECHNOLOGY, 1993-1996

K. Makuuchi
Takasaki Radiation Chemistry Research Establishment, JAERI

Takasaki Radiation Chemistry Research Establishment (TRCRE) has
been actively involved with the Joint UNDP/RCA/IAEA Project since it first
participated in 1982 at the planning stage, and made technical contribution as
required for the Project. The TRCRE firmly believes that the Project provides
excellent opportunities for each member state to promote the radiation
processing technology to contribute economic development and prosperity in
the region.

Japanese Government places particular emphasis on the development of
human resources when participating in the Project. Based on this principle the
TRCRE has maintained its involvement and support for the Project mainly
through such ac activities as hosting Regional Training Courses, Regional
Workshops, holding meetings for coordination, dispatching experts and
receiving researchers in the following the Output of the Project:

Output 1.6: Radiation application for environmental conservation
Radiation processing of flue gases
Radiation processing of sewage sludge
Radiation processing of municipal waste water

Output 1.7: Advanced applications of radiation technology
Radiation curing
Fundamental of radiation chemistry
Radiation vulcanization of natural rubber latex
Biomedical application of advanced radiation technology

Output 2.1: Industrial sterilization of medical products and devices
International standards and regulation

Output 2.3: High standards of operation of radiation facilities

Contribution of the TRCRE to the Project since 1993 is summarized in
this report.



1. REGIONAL TRAINING COURSES AND REGIONAL WORKSHOPS
Regional Training Courses (RTC) and Regional Workshops (RWS) for

the scientists and technicians of the RCA member states was organized by the
agency. These activities provided fundamental knowledge of radiation
chemistry and its application for the environmental conservation. It is really
realized that these training courses is indispensable to build up manpower
capability. Under the UNDP/IAEA/RCA Project 8 RTCs and 3 RWS were
held in TRCRE from 1993 - 1996 as shown in Table 1.

Table 1 Regional Training Course and Regional Workshop held at TRCRE,

1993-1996

DATE

1993

1994

1995

1996

10—21
May

27 Sep.

8 Oct.
6—17
Jun.

17—21
Oct.

19—22
Dec.

27 Feb.

10 Mar.
10—21 Jul.

21—25
Aug.
5—9
Feb

26—30
Aug.

18—22
Nov.

ACTIVITY
RTC: Environmental Applications of
Radiation Technology - Basic
RTC: Radiation Technology for
Environmental Conservation -
Application
RTC: Fundamental Aspects of Radiation
Technology and Environmental
Conservation
RWS: Electron Beam Technology for
Purification of Flue Gases
RWS: Radiation Processing in Industry -
Process Control and Dosimetry
RTC: Advanced Applications of
Radiation Technology - Biomedical
Applications
RTC: Application of Radiation
Processing for Decontamination of
Liquid Wastes
RWS: Safe Operation of Radiation
Facilities
RTC: Electron Beam Technology for
Purification of Flue Gases
RTC: Process and Quality Control in
Radiation Processing
RTC: Radiation Curing

TOTAL

PARTICIPANTS
12

11

15

16

15

12

15

14

16

11

19

156



In the first half of the Project 3 RTCs for the radiation chemistry were set
up to enhance the fundamental knowledge for the environmental conservation.
Activities on the environmental applications of radiation chemistry were
installed in the latter half.

Fig 1 shows the number of participants by country in these activities.
Some countries sent less participants to the RTC and RWS. This is due to the
lack of adequate irradiation facility in these countries.
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Fig. 1 Number of participants in RTC and RWS at TRCRE

2. MEETINGS
The TRCRE hosted 4 meetings to support the Project as shown in Table 2.

Table 2 Meetings at TRCRE

DATE
1992

1993
1996

1996

26-26
Oct.

6 - 9 Sep.
22-25

Jul.
11 - 16
Dec.

NAME OF THE MEETING
EAGM: Identification of Radiation Technology
Applications for Conservation of Environment
The First NCM for Radiation Technology
EAGM on Formulation of New RCA Industrial
Application Project 1
The Fourth NCM for Radiation Technology

EXPERTS
9

15
4

16

EAGM: Expert Advisory Group Meeting
NCM: National Coordinators Meeting



3. EXPERTS
The TRCRE sent 55 experts to the RCA member countries from 1993 -

1996 according to the request of the countries. Distribution of the experts by
country is illustrated in the Fig. 2. Several Funds were used to invite these
scientists and as shown in Fig. 3.
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Fig. 2 Dispatched TRCRE Expert Fig. 3 Funds for Experts

These experts were sent under various frameworks not only the
UNDP/RCA/IAEA Project but bilateral research cooperation agreements,
Scientist Exchange Program by Science and Technology Agency, IAEA
fellowship. At present the following bilateral research cooperation agreements
are being operated effectively in the field of radiation processing:

(1) Development of environmentally friendly polymers with BATAN
(2) Upgrading of sludge and agricultural wastes by radiation with OAEP
(3) Upgrading of oil palm wastes by radiation processing with MINT
(4) Cooperation n the field of application of radiation with CNNC

4. INVITED SCIENTISTS
One of the outstanding characteristics of the TRCRE is the presence of

invited scientists in many laboratories. Fig. 4 shows the number of the visiting
scientist from RCA member countries in 1993 - 1996.

Fig. 5 illustrates the Funds for inviting scientists. These scientists were
invited under various frameworks such as bilateral research cooperation
agreement, Scientist Exchange Program by Science and Technology Agency,
IAEA fellowship, and others. At present the following bilateral research
cooperation agreements are being operated effectively in the field of radiation
processing:

(1) Development of environmentally friendly polymers with BATAN
(2) Upgrading of sludge and agricultural wastes by radiation with OAEP
(3) Upgrading of oil palm wastes by radiation processing with MINT



(4) Application of radiation with CNNC

B
BGD
IND
INS
MAL-

ES MYA
a PRC
a ROK
• SRL
S THA
CD V I E

IAEA
JAERI
STA
OTHERS

Fig. 4 Visiting scientists by country Fig. 5 Funds for inviting scientists

Scientist Exchange Program by Science and Technology Agency is the
main resource for inviting scientist from neighboring countries. The duration
under this program are from 3-12 months, depending on the application. Few
scientist visit TRCRE by using IAEA and Asian Development Bank fellowships.
The visiting scientist is expected to be a independent scientists having enough
basic knowledge on relevant research field. Transfer of techniques and
knowledge to the scientist is based on the Job Training. The scientist shares a
part of research program of the following laboratories in the TRCRE:

Radiation processing Development Laboratory
Polymer Processing

Functional Materials Laboratory 1
Biomedical application

Advanced Materials Laboratory
Radiation resistant polymeric materials

Environmental Conservation Technology Laboratory
Gas treatment

Resources Utilization Technology Laboratory
Food irradiation and Agrowaste utilization

Irradiation Service Division
Dosimetry

Upon arrival of the scientist the detail of the research plan of the scientist will
be discussed with his/her counterparts. Most counterparts believe that the
discussion on his/her experimental results with he/she and writing/rewriting the
finally report are very effective to enhance his/her capability as a scientist.
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STATUS OF RADIATION TECHNOLOGY IN KOREA

Young Chang Nho

Radiation Processing Project, Korea Atomic Energy Research Institute

P.O. Box 105, Yusung, Taejon, Korea. 305-600

Introduction

It is my great pleasure to participate in the 4th IAEA/UNDP/RCA meeting of National

Co-ordinators on Radiation Technology. I wish to express my gratitude and appreciation to

Takasaki Radiation Chemistry Research Establishment for hosting this RCA meeting and

the warm hospitality extended to us. RCA has made valuable contributions in the

promotion of peaceful uses of nuclear science and technology for the mutual benefit in

this region. I understand that the RCA has been the most useful vehicle for the transfer

of radiation technology to industries in the region, and has provided the moment for RCA

member countries to exchange expertise and information on radiation technology.

Radiation processing is a relatively sophisticated industrial technique that can be

economically substituted for conventional thermal and chemical processes. The

radiation-induced changes in polymer materials such as plastics or elastomer provide

some desirable combinations of physical and chemical properties in the end product.

Radiation technology is applied to various industrial processes involving crosslinking and

sterilization in Korea. Industrial applications of radiation processing are widespread in many

countries, and are growing in Korea.

Current commercial usage for radiation processing in Korean industry is dominated by

five major applications : wire and cable insulation, shrinkable tube for the electrical

industry, precuring of some automobile tire components, curing of surface coating,

polyolefin foam, sterilization of disposable medical products, and food irradiation. Now I

would like to take this opportunity to give a brief account of the status of radiation

technology in the Republic of Korea. This report describes an overview of commercial

radiation processing and the research work carried out in Korea.

290



Radiation Process ing by E B

Polymer and elastomer crosslinking by electron beams results in products which are

more resistant to heat, stress, and environmental decay. In the case of polyolefin film and

tubing, electron beam treatment also induces an elastic memory allowing usages such as

shrink packaging material and heat-shrinkable electrical insulation.

The 300 keV electron beam(EB) accelerator installed at KAERI with the support of

UNDP has been used for research on radiation curing, grafting, polymerization and

crosslinking of polymers since 1976.

As of 1995, the number of electron beam accelerators installed in Korea stands at

17(Table 1). The industrial applications of electron processing systems in Korea have been

steadily developing. A more rapid growth is expected in environment related industries if

the technology to treat pollutant by radiation is completely established.

- Crosslinking of electric wire

Major markets of crosslinked wire/cable by EB include wiring for automotive, process

control instruments in which superior environmental resistance is important. Practical

commercial radiation application in wire/cable have been limited to small-size wire because

of limitation in EB penetration. The use of the electron processing system has undergone

steady growth, since its application to crosslinking polymers for wire insulation in 1985 at

LG Cable and Machinery Ltd.( newly named of Gold Star Cable Co. ). This suggests a

growing demand for electron beam-irradiated wire in such industries as electronic

equipment and automobile and related industries. The production of crosslinked wire in LG

Cable and Machinery Ltd. was the beginning of the commercial radiation application of EB

accelerator in Korea. Thus far, the company has 3 EB accelerators, which have been

operated to produce crosslinked wire and shrinkable tube. Other cable companies such as

Kyungshin Industrial Co., Daewon Cable Co. has also operated EB machines to produce

crosslinked wire and shrinkable tube. Hanil Electric Wire Co. has started to install a new

EB machine for the purpose of making crosslinked electric wire.

Crosslinked polyolefin foams are manufactured by the EB process at Youngbo

Chemical Co. and Tongil Industries Co.
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- UV/EB Curing of coating

The curing process in Korea depends largely on thermal and UV processes. Coating

technology in Korea has been greatly used for printing, treating the surface of wood,

plastics, furniture, metal and paper to give gloss, water proofing and corrosion prevention.

The Korean market for UV curable products can be divided into four application fields :

coatings, ink, electronics, and adhesives. The continuing development of UV technology

and its continuous dissemination will extend the existing application areas and create

some new ones.

EB curing was introduced in 1989 as an industrial process by Hankook Tetrapack Ltd.

which installed an accelerator of 175keV, 300mA. A private company, Hankook Tetrapack

Ltd. operates to cure coating ink on paper used as tetra-pack.

Possible reasons for the slow spread of radiation curing can be attributed to the high

cost of EB machine and facility, the shortage of manpower related to radiation chemistry,

and severe safety regulation.

- Precuring of tires

It is known that the use of radiation to precure tire components can simplify

manufacturing and save materials costs. In tire manufacture, the advantages of radiation

processing are mainly interdependent with other elements in the overall production

process. Radiation does not impart any significant improvement in physical properties of

the final tire. Consequently, it is known that its adoption is based on pure economics,

which can vary for each manufacturer.

Hankook Tire Co. has applied 3 EB accelerators for the precuring of tire rubber sheet,

and Kumho Tire Co. has operated 1 EB accelerator for the same purpose.

Radiation Processing by Co-60

- Radiation sterilization

A Co-60 sterilization facility installed at the Seoul site of KAERI in 1975 under

IAEA/UNDP financial support had been operated not only for training and demonstration,

but also for the commercial sterilization of medical products until 1987 when a private

company, Green Pia Tech, installed a new commercial irradiator of 500kCi Co-60 with a

maximum capacity of 5MCi. Because Green Pia Tech has enough capacity to sterilize all
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irradiation materials in Korea, the Co-60 irradiator (60k Ci) which was moved in 1992

from its Seoul site to Taejon has been used for conducting research and development

and for the qualification of equipment in nuclear power plants.

Green Pia Tech sterilized approximately 673 tons of medical products such as surgical

gloves, needles, bandages, blood bags, vials, mud and Chinese herbs in 1995.

-Food Irradiation

Since the late 1960's, research in the field of food preservation by irradiation has been

conducted in the Republic of Korea under national coordinated and regional cooperative

programs, thus extending the scale from an experimental basis to an industrial basis

concerning the preservation of foods for quality and safety improvement. The Ministry of

Health and Welfare of the Republic of Korea approved the use of gamma irradiation from

Co-60 source on some food. The Korea Ministry of Health and Welfare(MOHW) is

responsible for clearances and regulations of irradiated foods. MOHW consults with the

Committee of Food Sanitation Deliberation and the National Health Institute concerned.

Gamma irradiation is authorized to be used for food irradiation on 13 food groups A

private company, Green pia Tech. Inc. proposed the construction of a 500 kCi Co-60

commercial irradiator(maximum capacity: 4MC0 to the MOST in 1984, and the facility was

established at Yeoju, Kyungki-do in June, 1987 on the financial basis of 80% borrowed by

the Government sector and 20% by the private sector. From the beginning of its

operation, it has been used in food irradiation and medical sterilization. Now, the irradiation

facility is loaded with 540 kCi of Co-60 and its operating rate is about 100% which is

composed of 70% in food irradiation, 20% in medical sterilization and 10% in others.

Spices and dried vegetable seasonings are the most common products to be commercially

irradiated since the ban of ethylene oxide fumigation on foods by MOHW in July 1991.

Research work

- Treatment of flue gas

Korea has national emission regulations(Table 2), and at the present time the levels

can be met by utilizing low sulphur coal and low NOX burners. The industries emitting flue

gas will be eager to meet the national regulation since the regulation limit from 1998 will

be severe as shown in Table 2. Samsung Heavy Industries Co. Ltd. began to carry out



the research work on the treatment of flue gas and waste water by EB(1MeV, 40mA)

from 1994, because a private company developed an industrial EB machine with the

collaboration of Seoul National University and the Russian Budker Institute of Nuclear

Physics. This paved the way for commercial production of the EB machine in Korea.

For flue gas treatment, a test facility with simulated flue gas of 4 Nm3/hr was installed

in the first phase of research. A small scale pilot plant with flue gas of 200 Nm3/hr for

the treatment of incinerator flue gas and coal-fired flue gas has been constructed in the

second phase. The pilot plant consists of a flue gas generating boiler, steam generator,

EB reactor, lime spray drier, and by-product collector. KAERI has carried out the work on

the flow speed of gas and the flow pattern in reactor as a cooperative work with

Samsung Heavy Industries Co. Ltd. KAERI will coordinate the efforts of various groups

interested in EB technology for purifying flue gas in the future. In this manner a concerted

effort could be made for the Korea Electric Co. to participate in a program to utilize the

technology. For the purpose of the coordination effort, a national seminar on flue gas

treatment by EB was organized on 13-16 May, 1996 by Korea Atomic Energy Research

Institute under frame of the UNDP/IAEA Regional Project in Asia and the Pacific Region.

Three experts were provided by IAEA and one local expert from Samsung Heavy

Industries Co., they were A.G. Chmielewski of Poland, N.W. Frank of USA, H. Namba of

Japan and K.H.Jo of Samsung Heavy Industries Co. in Korea. Twenty-two participants

joined the national seminar on flue gas treatment by EB. Among them, thirteen persons

came from the private sector including Samsung Heavy Industries Co, Samsung

Engineering Co., Korea Electric Power Co. and Pohang Steel Co. The other participants

were from government institutes. Many participants were interested to learn of a process

that makes a useful by-product, and is ecologically sound. The questions were basically

about the efficiency of the process, which led to a comparison of pulse corona and EB.

Some universities and institutes have initiated studies on the treatment of flue gas by

pulse corona. Most of participants, particularly from private companies were satisfied with

this national seminar and wanted to express their gratitude to IAEA for arranging the

experts.

-Radiation Grafting

Radiation-induced graft copolymerization is a well known method for the modification of



the chemical and physical properties of polymer materials. It has attracted considerable

interests because it imparts desirable properties such as blood compatability, membrane

quality, ion exchange, dyeing, protein adsorption and immobilization of bioactive materials.

The role of additives is important in radiation grafting reaction since appropriate

compounds in a grafting solution can enhance the grafting yields, and the radiation dose

required to achieve a particular graft percent can be lowered in the presence of suitable

additives. Using peroxide grafting technique by radiation, low density polyethylene film was

graft-copolymerized with acrylic acid and methacrylic acid in the presence of additives

such as acid and metallic salts. The effect of acid and metallic salt on the grafting yield,

and reaction mechanisms were examined.

- Upgrading of agro-waste

The application work on the upgrading of agro-waste in Korea was not carried out

until 1996 when a scientist came back after finishing STA program for 1 year in TRCRE.

Fortunately, the research field in the reuse of agro-waste was included in long/mid term

research project of KAERI from 1996. We will study the application of agro-waste in

mushroom culture, and also animal feed, which can be disinfected so that harmful

microorgaisms are not passed on in the food chain, while maintaining the nutrient value of

the feed.
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Table 1. List of EB accelerators in Korea

Company

Gold Star

Cable Co.

Daehan

Electric

Wire Co.

Kyungshin

Industrial

Co.

Daewon

Cable Co.

Yeonhab

Electric

Cable Co.

Hankook

Tetrapak LTD.

Youngbo

Chemical Co.

Tongil

Industries Co.

Kumho

Tire Co.

Hankook

Tire Co.

Samsung

Heavy

Industries

KAERI

No. of EB

Accelerator

1

1

1

1

1

1

1

1

1

1

1

3

2

1

Maker

Nissin

Nissin

Nissin

RDI

RDI

France

Nissin

Nissin

RDI

Nissin

Russia

(INP)

High

Voltage

Co.

Voltage

(KeV)

750

1000

1500

1500

1500

1000

1000

175

500

800

1000

500

1000

300

Beam

Current

(mA)

65

100

65

65

65

65

65

300

100

65

65

65

40
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Applications

Crosslinking of

wire and shrin-

kable tube

Crosslinking of

wire and shrin-

kable tube

Crosslinking of

wire and shrin-

kable tube

Crosslinking of

wire and shrin-

kable tube

Crosslinking of

wire and shrin-

kable tube

Curing of

printing ink

PE foam

PE foam

Precuring of

rubber

Precuring of

rubber

Research

Research

Reference(The year

of introduction)

in operation

(1985)

(1988)

in operation

(1990)

in operation

(1990)

in operation

(1990)

in operation

(1989)

in operation

(1990)

in operation

(1990)

in operation

(1991)

in operation

(1993,1995)

in operation

(1992,1995)

in operation

(1975)



Table 2. Permissible Air Discharge Standards(Gas)

(Unit: ppm)

Pollutants

NH3

CO

SOa

NO2

Discharge

Facilities
Fertilizer

Dyestuffs

Others
Power/Boiler

-Liquid Fuel

-Solid Fuel

Incinerator/Cement

Others

Power/Plant

-Liquid Fuel

•-500MW

•-500HW

-Solid Fuel

• Anthracite

• Others

Iron

Incinerator

Liquid Fuel

-Power PlanUln. c)

-Others

Solid Fuel

Gas FueKpower Plant)

-Internal Combustion

-Others

Other

Emission Limits

~ 1994

150

100

200

350(4)

400(6)

600(12)

700

1,200(4)

1,200(4)

1,200(6)

700(6)

650

300(12)

1,400(13)

250(4)

350(6)

1,200(13)

400

200

-1998

100

70

200

350(4)

400(6)

600(12)

700

1,200(4)

1,200(4)

1,200(6)

700(6)
/

650

300(12)

1,400(13)

250(4)

350(6)

950(13)

400

200

~ 1999
50

70

100

350(4)

400(6)

600(12)

700

270(4)

270(4)

270(6)

270(6)

650

300(12) ;

1,400(13) |

250(4)

350(6) |

950(13)

400 ;

200 I

•( ): Standard of O2
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COUNTRY REPORT
THE FOURTH MEETING OF NATIONAL COORDINATORS FOR

UNDP/RCA/IAEA INDUSTRIAL SUB-PROJECT-RADIATION TECHNOLOGY
RAS/92/073

Takasaki & Yokohama, Japan
11 -19 December 1996

Khairul Zaman Hj. Mohd Dahlan
Malaysian Institute for Nuclear Technology Research (MINT)

INTRODUCTION

The phase three of the UNDP/RCA/IAEA Industrial Sub-Project on Radiation
Technology (1993 - 1997) has now come to the end. In general, the radiation technology
project which was started in 1982 has progressly developed and shown impact on the
application of radiation technology in industry in countries in the region. The development
of radiation technology in the RCA Member States are depending very much on the
development of industry and economy of the countries. The more the country is developed
economically, the more industrial irradiation facilities can be seen. Therefore, the diversity
of the level of economic development of the countries in this region requires a continuous
efforts from all to assist in the development of the technology in other Member States. In
this respect, Malaysia in certain area still require assistance from the other and in other
area is ready to render her assistance to other Member States.

ACHIEVEMENT TO DATE

Objective 1: Upgrading the capabilities of key personnel in science and industry on the
technology and techniques using isotopes and radiation suitable for
addressing problems of environmentally sustainable development.

1.6. Radiation Technology for Treatment of Flue Gases, Sewage Sludge and Municipal
Waste Water.

At present, Malaysia has only 2 x 300 MW coal power station. The flue gases emitted
from this coal power station is considered low in view of fuel policy adopted by the
government to use only low sulphur content ( < 1%) fuel. However, low sulphur coal
is considered a high premium fuel. Therefore, the use of low premium coal - high
sulphur content is an alternative for future coal power plant with the integration of
desulphurisation system on line. For future energy planning, coal is one the favourable
potential fuel. Beside coal, oil fuel is also the source of SO2 and one of main fuel for

power generation in Malaysia.



Although at present there is no regulation on the emission of SO2 and NO x in
Malaysia, the awareness and the responsibility towards preserving the environment
has becoming the concern of public and the government. Malaysia has participated in
the Regional Seminar and Training Course conducted in Japan in 1994 and 1996
respectively. Malaysia has also organised national seminar on electron beam
purification of flue gases which was attended by more than 40 participants from
various sectors of energy related industries and government agencies.

As a follow up, MINT together with the Tenaga Nasional Research and Development
Sdn. Bhd. (TNRD) has conducted a feasibility study on EB-technology for
purification of flue gases in Malaysia under the Technical Assistance Programme of
the IAEA for 1996/1997. Mr. Norman Frank from International Consultant, USA has
been despatched by the IAEA as an expert to assist and advice Malaysia in the
carrying out the study. The report of the study is being prepared and will be
submitted to the management of the utility company for further consideration.

In other area of applications such as treatment of sewage sludge and municipal waste
water, Malaysia is still utilising the conventional technique of aeration and retention.
There is still little interest of using radiation technology in this area. However,
Malaysia participated in the regional training course to acquire new knowledge and
keep abreast with the latest development on radiation technology for treatment of
waste.

1.7. Advanced Applications of Radiation Technology

In the area of biomedical applications of radiation technology, Malaysia is making a
step progress. Malaysia has participated in the Regional Seminar and Training Course
on this subject. Hydrogel for wounds is being developed at MINT with the assistance
of the IAEA expert. Another related project on biomedical application of radiation is
the hydrogel coatings of rubber glove. The purposes of this project is to eliminate the
tackiness of radiation vulcanised rubber gloves by coatings and also to improve the
moisture absorption of the surface of rubber gloves. This project was completed
recently and a new project by using hydrogel in the latex is being examined.

Radiation curing technology has been established at MINT. Under the
UNDP/RCA/IAEA industrial programme, MINT has conducted national seminar and
workshop in 1993 to promote the-use of radiation curing technology in the industry.
The seminar and workshop received overwhelming support from industry as shown
from the number of participants (ANNEX 1). The applications of UV curing,
however, is still confined, mainly in the printing and electronic industries. MINT is
focusing her efforts to promote the use of radiation curing in wood based industry for
coatings and lamination. More efforts are required to increase awareness and
acceptance of radiation curing technology, in the wood based industry.



Malaysia has involved actively in radiation vulcanisation of natural rubber latex
(RVNRL) project since its inception under the UNDP/RCA/IAEA programme. The
RVNRL project has developed from laboratory scale to a pilot plant scale. The
production of RVNRL has since increased from 25 kg to 540 kg per batch. MINT
has constructed RVNRL pilot plant with the maximum capacity of 6,000 tons/year
for 1.0 million Ci Co-60 source strength. The initial Co-60 strength is 140,000 Ci.
The plant was commissioned on 12 March 1996. The first batch of rubber gloves
from RVNRL ( 3 tons) was successfully produced on an industrial scale on 12 July
1996. The key success of RVNRL project in Malaysia is due to the close
collaboration between MINT and the latex suppliers, dipped product manufacturers
as well as prevulcanised latex distributors. Currently 10 companies are involved
directly in this project. In addition to research and development, MINT has also
organised several promotional activities such as workshop and seminar. MINT has
also hosted twice Expert Advisory Group Meeting on RVNRL in 1993 and 1996.
Recently, MINT jointly organised the Second International Symposium on RVNRL
on 15 - 17 July 1996 in Kuala Lumpur. More than 100 participants attended the
symposium comprising of 40 overseas participants.

Beside producing RVNRL for the industrial use, MINT continues to carry out
research for the improvement of the physical properties of RVNRL. MINT will also
assist RCA Member States in standardising the methodology for the preparation of
RVNRL lattices and products.

Objective 2: Preparation for National Governments of recommendations on specific
industrial applications utilising isotope and radiation technology which
will be harmonised on regional basis and also with international standards
where possible.

2.1 Industrial Sterilisation of Medical Products

At present there are three gamma irradiation facilities in Malaysia providing the
sterilisation services to the medical product industry. Sterilisation are mainly for
exported products such as surgical rubber gloves and some other products such as
examination rubber gloves, catheters, plastic bottles for drugs, petri dishes, surgical
gown, pharmaceuticals, cosmetics etc. These facilities adopt the international
standards and comply with the recommendations of foreign and international
authorities such as US Food and Drug Authority, EUROMED and ISO.

In general, Malaysia has no comprehensive national guidelines or regulation on
industrial sterilisation of medical products. The responsible agency to develop and to
regulate the guide line is The National Pharmaceutical Control Bureau, the secretariat
to the Drug Control Authority of Malaysia under the Ministry of Health. Radiation
sterilisation is included in as integral part of Good Manufacturing Practise Guidelines
(GMP). The requirement for registration of medical devices with the Drug Control



Authority of Malaysia in future definitely will require a standard to be followed for
industrial sterilisation. The regional training courses organised under the
UNDP/RCA/IAEA programme on standards & regulations in relation to industrial
sterilisation is definitely invaluable to assist the national committee on radiation
sterilisation to come up with a Malaysian Guidelines on Industrial Sterilisation as
recommended by ISO. In January 1996, Malaysia hosted the Regional Training
Course on Industrial Sterilisation: Regulation, Standards and Enforcement.

2.3 Operation of Radiation Facilities

One of the basic requirement in radiation sterilisation is safe operation of the facility
and safety of the workers. Certain safety guidelines and procedures as recommended
by the IAEA Safety Standards have to be followed in the operation of irradiation
facility. Atomic Energy Licensing Board of Malaysia is the responsible agency in
providing the license and inspection on the irradiation facility in Malaysia.

CONCLUSION:

1. Malaysia has participated actively in regional activities on radiation technology
(ANNEX 2). These activities, in addition, to providing guidance, new knowledge on
technology, process and products, have initiated certain new related activities which
are being carried out at the national level (ANNEX 1 ). Although the regional
activities were limited, and only confined to training course, seminar and workshop,
they do provide certain impacts on the on-going activities of radiation technology at
the national level such as creating more awareness and interest among local industry
on the potential uses of radiation technology.

2. The activities of the UNDP industrial project have been implemented in accordance to
the objectives set. The activities such as training courses, seminar and workshop can
only transfer knowledge and disseminate information to the RCA Member States. In
this respect, the UNDP industrial project has achieved its objectives successfully in
Malaysia.

3. As a result of the UNDP industrial project activities, several research projects are
initiated and implemented by RCA Member States in particular in Malaysia. These
projects require further input from the IAEA in term of expert assistance and training
of scientists. Therefore, a mechanism such as Technical Assistance Programme of the
IAEA or other equivalent programme is essential to assist the Member States to
continue the projects.

2-&Z



ANNEX 1

Radiation Technology Activities Organised and Participated by Malaysia in 1993 -1996

Date

21-22 Feb. 1993

7 Sept. 1993

8 - 9 Sept. 1993

6-7 July 1994

4 August 1994

25 August 1994

11 October 1994

12-13 October
1994

26 August 1995

21 May 1996

Activities
National Events

National Executive Management Seminar on RVNRL

Seminar on Surface Finishing by Radiation Curing
Technology.
Jointly organised by MINT/JICA/JAEA

Workshop on Surface Finishing by Radiation Curing.
Technology Jointly organised by MINT/JICA/IAEA

Seminar on Radiation Processing of Pharmaceuticals and
Cosmetics.
Jointly organised by MINT/IAEA

Seminar on Radiation Application of Electron
Accelerators.
Jointly organised by MINT/JAPAN/IAEA

Seminar on Application of Radiation Processing in
Industry, given by Dr. S. Machi, Deputy Director General
IAEA.
Jointly organised by the Malaysian Technology Forum
(MTF) and MINT

Seminar on Electron Beam Sterilisation of Medical
Products.
Jointly organised by MINT/JAERI/IAEA

Workshop on Electron beam Sterilisation of Medical
Products.
Jointly organised by MINT/JAERI/IAEA

Seminar on Radiation Synthesis of Polymer for
Biomedical Applications.
Jointly organised by MINT and PESAN

National Environmental Technology Seminar Electron
Beam (EB) Technology for Purification of Flue Gases.
Jointly organised by MINT/TNRD/IAEA

No.
Participants

25

55

34

25

35

22

24

11

18

48
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ANNEX 2

Date

11- 16 Oct. 1993

5 - 17 June 1994

4-15 July 1994

17-21 Oct. 1994

12- 16 Dec. 1994

19-23 Dec. 1994

27 Feb. - 10 Mac
1995

10 - 21 July 1995

21 - 25 Aug. 1995

15 - 19 Jan. 1996

5 - 9 February 1996

26-30 Aug. 1996

18-22 Nov. 1996

9 - 13 Dec. 1996

Activities
Regional Events

Radiation Processing: Economic Benefits, Beijing,
China

Fundamental Aspect of Radiation Technology and
Environmental Applications, Japan

Radiation Sterilisation - Validation, routine control
and Application of ISO Standard. Thailand.

Seminar on Electron Beam Technology for
Purification of Flue Gases, Japan.

RCA Regional Seminar on Radiation Technology for
Biomedical Applications, China.

Radiation Processing - Process Control and
Dosimetry, Japan

RTC on Advanced Applications of Radiation
Technology - Biomedical Applications of Radiation
Technology, Takasaki, Japan.

Application of Radiation Processing for
Decontamination of Liquid Waste, Takasaki, Japan

Safe Operation of Radiation Facilities, Takasaki,
Japan

RTC on Industrial Sterilisation - Regulation,
Standards and Enforcement, Kuala Lumpur,
Malaysia

RTC on Electron Beam Technology for Purification
of Flue Gases, Takasaki, Japan

RTC on Process and Quality Control in Radiation
Processing, Takasaki, Japan

RTC on Radiation Curing, Takasaki, Japan

RTC on Regulation and Inspection of Operation of
Radiation Facilities

No.
Participants

2

1

1

2

1

3

1

2

3

1

2

2

2



THE JOINT UNDP/RCA/IAEA PROJECT ON " THE USE OF ISOTOPES AND
RADIATION TO STRENGTHEN TECHNOLOGY AND SUPPORT

ENVIRONMENTALLY SUSTAINABLE DEVELOPMENT" (RAS/92/073)

THE FOURTH MEETING OF NATIONAL CO-ORDINATORS
FOR RADIATION TECHNOLOGY, 11-16 DECEMBER,

TAKASAKI, JAPAN

COUNTRY REPORT OF MONGOLIA

Mongolia is very happy to participate in the Fourth Meeting of
National Coordinators for Radiation Technology being held in
Takasaki, Japan. On the behalf of the Government of Mongolia I
would like to express my gratitude to the Government of Japan and
Takasaki Radiation Chemistry Research Establishment for hosting
these meetings with the warm hospitality.

Mongolia would like also to extend it's deepest gratitude to the
UNDP and IAEA, Donor Countries in the region and all RCA
Member States for their strong support enabling the expansion of
industrial uses of isotopes and radiation to our country.

Mongolian food supply depends heavily on its domestic crop
production. The country has an arable land area 1.3 mln. sq. km
and nearly all the cultivated land is known to be very poor in
nitrogen, the most important element for plant growth. In the
specific agroclimatic environment of Mongolia, the cultivation of
early maturity and drought resistance spring wheat varieties are
most promising contribution for increasing of crop production.
Since 1982, a wide range of studies on spring wheat improvement
has been carried out by the Plant Science and Agricultural Research
Institute (PSARI), city Darkhan with the support of IAEA.

At the PSARI, the field calibration methods for 3200 and 4300
series troxler neutron ganges adapted with the assistance of IAEA
experts and studies on selection of the most effective strains of
legumes and, rhizobial strains of the legumes using N-15 isotope
dilution technology started. As a result of the wider use of gamma-
radiation several mutant and crossing lines have been developed and
introduced to the State crop testing stations in various parts in the
country.



The national crop breeding research programme covers all the
ecological regions and since 1993 seed multiplication and
distribution of new wheat varieties to the farmers has been handled
by and channelled through research institutes. By 1996 the amount
of breeding seeds production reached up to 670 tons.

Mongolia is a large, landlocked and sparsely populated country.
The incidence of various kinds of cancer in Mongolia is, as expected
relatively high and cases of cancer have doubled during the last ten
years. Provision of radiotherapy facilities is therefore of high
priority.

The number of the newly detected cancer patients is about 2500 to
3000 for each year. Mongolia has only one Oncological Centre.
Currently the Centre is in need of a technical support to improve the
clinical practice of radiation therapy for cancer patients.

The IAEA is providing modern equipment for radiation therapy.
Under the model project MON/6/006 - Upgrading Radiation
Therapy Services, the teletherapy unit "GWGP 80 - COBALT 60"
from China was installed in the Department of Radiology at State
Oncological Research Centre in August 1995.

This unit is used for treatment of about 40 patient daily and the
total number of cancer patients underwent a radiation therapy in
1996 was accounted at 8784 compared to 2378 in 1995. The new
source delivered by IAEA makes possible to treat more number of
patient in short time. Consequently, from November 1995 the
Centre has been able to perform radiation therapy not only for in
patient, also for out patient. As a result of the innovated technical
facilities and the expanded use of the new source the development
status of the Department of Radiology the State Oncological
Research has been improved, so as study on radiation therapy and
the data collection on mortality and survival rates of cancer patients
has been broadly extended.

One specialist participated in the Regional Training Course on
Industrial Sterilisation, Regulation, Standards and Enforcement,
15-19 January 1996, Kuala Lumpur, Malaysia.

Thank you for attention.
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Myanmar's activities relating to nuclear technique are based on IAEA
assistance. Our country has joined to the RCA only in 1994. We have
pleasure to underline the official visit of Chief Technical Officer Dr. Pham
D. Hein to Myanmar in 1995.

Seed Mutation

Seed division of the Myanma Agriculture Service (MAS) has
irradiator facility Co-60 [Type I irradiator Gamma Chamber 4000A, chamber
volume 5000 cc with initial activity of 2827 Ci in 1985] [ and Type II
irradiator Gamma Chamber 900 with an original activity of 2500 Ci in 1970 ]
obtained under IAEA TC project to study radiation induced genetic changes
for developing improved varieties of certain crop plants. Various kinds of
crop species were studied and two mutants of rice were released as
commercial varieties, one of which covered a considerable area.

According to recent information received from the Ministry of
Agriculture, the rice mutant Shwewartun showed improved yield, grain
quality and earliness compared to its parent variety. Over the period 1990 to
1993 the mutant variety was grown in over 2 million acres or 17% of the total
rice area sown.

Projects on Isotopes and Nuclear Techniques in Crop Production and
Mutation Breeding in Grain Legumes and Improvement of Grain-legume
Rhizobium Symbiosis to fix atmospheric nitrogen progressed in 1995-96.
Myanma Agriculture Service showed interest in Isotope Aided Studies in
Productive Utilization of Salt-affected Wastelands for sustainable Agriculture.
They had a pre project mission. Cooperation with RCA partners is sought
for in these projects.



- 2 -

Food Irradiation

Food Research Department of the Myanma Scientific and
Technological Research Department initiated a small scale food irradiation
programme. This part of work was supported by the IAEA with research
contract No. 8499/RB on "Technology Transfer of Food Irradiation to reduce
Post-harvest Food Losses" in 1995. The objectives of the project are (i) to
evaluate the effectiveness of irradiation to control sprouting of Potatoes and
Onions (ii) to evaluate the effectiveness of irradiation for insect
disinfestation of dried fish. Local varieties of potatoes, onions and dried
fish samples were used in this small-scale food irradiation programme.
Irradiation facilities, Co-60 source [ 2827 Ci at 1985 ] from Myanma
Agricultural Service (MAS) is being used. Local varieties of potatoes, onions
and the dried fish samples were irradiated with various doses [ 5, 8, 10, 12
and 15 krad ] using Co-60 source. The irradiated and control samples were
stored in an aerated place under normal conditions. The dosimetry was done
by Fricke dosimetry method and Spectronic 21 Spectrophotometer from
Department of Medical Research was being used for measurement of Iron
concentration. At various intervals the stored samples were examined
visually for insect infestation and other signs of spoilage. The performance
rate and size of this irradiator facility is limited.

Tissue Bank Project

A Tissue Bank has been established at Yangon Orthopedic Hospital in
Kemmendine through the Technical cooperation with the Agency in 1984. It
had produced freeze dried human allografls and had been widely distributed
to all orthopedic and surgical units of the whole country. It had been
functioning well up to 1987. In 1992, Government took appropriate steps to
reactivate the Bank. IAEA TC project of Reactivation and upgrading of
tissue bank will be carried out with objective of " to assist in renovation and
upgrading of the Myanma Tissue bank to enable it to undertake procurement,
sterilization, preservation and distribution of tissue allografls in 1997-98 ".
Now, Radiation Sterilization of Tissue Grafts is progressing well. Again its
scale of work is limited by the available irradiator, also one in Myanma
Agriculture Service.



Medical Applications

Department of Radiotherapy from Yangon General Hospital (YGH)
has one electron accelerator. Department of Radiotherapy , YGH has been
using this equipment for radiotherapy. One expert may be needed for
application of electron dosimetry system in Radiotherapy.

From 1996, Myanmar would like to be involved in RCA programmes
in Radiation Technology activities . We would like cooperation with RCA
countries.

Rubber and Polymer Irradiation

So far there is as yet no serious effort in this area. However, a training
fellow has been sent to Japan Atomic Energy Research Institute [JAERI] for
training in Radiation Curing of Polymers and successfully completed
training. We are also keen to expand our activities in this area as well.

Future Work in the field of radiation Technology can be outlined as:

(i) to exchange technical information on food irradiation with RCA
member countries,

(ii) to establish a pilot scale demonstration for radiation vulcanizing of
Rubber latex and crosslinking of wire & cable insulation,

(iii) Possible start of industrial sterilization in Pharmaceutical products.

The limited success of our work on producing tissue-grafts, our
attempts with food irradiation and interest in radiation sterilization and other
industrial application indicates that we need a medium-sized general purpose
irradiator.

Although Myanmar joined the RCA only in 1994, Myanmar is quickly
finding areas for cooperation arid appreciate the value of regional
cooperation. Myanmar record her satisfaction and thanks for the RCA-
coordinators past and present as well as the member states who have warmly
received her.

Zlo
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Future Outlook

On 2 October 1996, a new ministry of Science and Technology has
been established. At present it is in the organizational stage. This ministry
would be also responsible for nuclear technologies, and we are confident that
its policies would enable us to look into the prospects and also make use of
radiation technologies.

I thank you very much for your attention.

NEXTPAQE(S)
toft BLANK
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COUNTRY REPORT
(NATIONAL COORDINATOR : DR. SHAMSHAD AHMED)

I. SUMMARY OF STATUS OF RADIATION TECHNOLOGY APPLICATIONS IN
THE COUNTRY.

The main activity areas supported under the sub-project of radiation technology are:

A Radiation Crosslinking
B Radiation Sterilisation
C Radiation Curing
D Radiation Vulcanisation of Rubber Latex

Most significant inputs have been in the area of Radiation Crosslinking of cable
and wire and then in the Radiation Sterilisation. These are summarised next

A) Radiation Crosslinking
Development of Indigenous Formulation for Insulation of Radiation Resistant
Fire Retardant Thin Wire: Technology Transfer.

Formulations for the fire retardant and radiation resistant insulation of thin wires

insulation based on PE and PVC have been indigenously developed. Quality control tests

of PE based free retardant wires e.g. hot set, high voltage , tensile strength , elongation to

rupture and flammability tests have demonstrated that insulations meet the requirements

of IEC 502 standards. Radiation resistance wires are being tested by elevated doses of

gamma rays .Laboratory is in a position to transfer the technology to other

laboratories in the region particularly those which do not have EB facility and wish

to demonstrate to industry the viability of radiation process in preference to heat

and chemicals induced crosslinking process. This is because one of the problems

encountered in developing new applications is that of relating experimental results

to a production situation . Because of high cost evaluating experimental material on

production equipment studies have been made on the suitability of a gamma

radiation source bv a batch process .



Setting up of "Polymer Processing and Radiation Technology (POPROC)
Laboratory" at PINSTECH

For R&D in fabrication and testing, a laboratory housing equipment namely
Brabender Mixer, Roll Mill, Instron Testing Machine, Heat Press, Aging Oven, High
Performance Liquid Chromatography equipment, Ultraviolet Spectrophotometer,
Molecular Weight Determining Apparatus, Plastic Grinding Machine, Flammability
tester and FTIR Spectrophotometer etc. has been established. The funding has been
provided through IAEA TC programme PAK 8/009 and by PAEC (Pakistan Atomic
Energy Commission). Persons working in the laboratory have been trained at various
courses organized by RCA/UNDP/IAEA jointly.

Technological Developments / Technology Transfer from the Laboratory

i) Collaboration with Cable and Wire Companies

At national level, prominent cable and wire firms are collaborating with
PINSTECH in our endeavours to publicise radiation technology. Laboratory
facility has been extended routinely to Newage Cables, Lahore and Shama Cables
and Wire Lahore for gel content determination and identification of additives, in
crosslinked cables and imported formulations. To foster familiarity with the
radiation technology, industry personnel has been sent abroad to attend the
training courses on the indicated subject.

ii) Quality Control of Export Material

Routinely, services have been extended to cable and wire firms to evaluate
amounts of antioxidants/additives as a measure to ascertain uniformity of
crosslinking in crosslinked medium voltage PE cables being exported to
Sudan/Dubai. Such exports worth several million dollars from Shama Cables,
Lahore, Newage Cable, Lahore Pioneer Cable, Karachi and Pakistan Cables,
Karachi are underway.

In a particular instance difficulties were encountered by Newage Cables
Lahore in fabrication of medium voltage PE crosslinked cables for export to
Dubai in a contract worth 2 million dollars. Remedial measures in time suggested
by R&D work at the laboratory helped to rectify the problems associated with the
moisture removal and processing conditions. This resulted in resumption of export
and the requirements of the contract were fulfilled. This saved the cancellation of
the contract and prevented the loss of the contract. Exports to Middle East and
other countries by the firm are underway.

iii) Provision of Crosslinked Material to Reactor PARR-1.

Crosslinked PE material was fabricated using commercial extruder at
Shama Cable and Wire Co. Lahore and provided to the Nuclear Research Reactor



PARR-1 at PINSTECH . Insulation rings, rabbits etc. were produced from it to
replace those of predominantly degrading PVC / Teflon material used at reactor
previously.

iv) Cable and Wire formulation - Role of Antioxidants

Fate of Phenolic Antioxidants Irganox 1010 and Santonox in Irradiated PE:
Influence on Physio-Chemical Characteristics of Crosslinked Polymer.

The extractable levels of two hindered phenol antioxidants (Irganox 1010
and Santonox (R) present in LDPE, paraffin oil paraffin wax has been monitored
by HPLC techniques following progressive exposure of polymer blends to Cobalt
gamma radiation. There is a general diminution in the extractable level of each
antioxidant (as irradiation progresses) as a results of transformation. Degradation
of antioxidants in various matrices, waxes, PE, paraffin liquids under the
influence of radiation has been compared. Experiments involving the use of the
UV spectroscopy of thin films of PE-Irganox 1010 blends have provided the
evidence of binding of antioxidant (and its degradation products) to the polymer
following gamma irradiation. FT-IR studies have also been conducted to monitor
degradation.

It has been shown that both the antioxidants can influence the
polyethylene network formation and the radical yields in different ways.
Retardation in the rate of crosslinking due to the presence of antioxidants was
observed as determined by gel analysis. The work has been carried out as a part of
programme to develop PE formulations to be crosslinked by radiation, for use in
cable and wire insulation and heat - shrinkables;:

v) Collaboration Work With RIS0 Polymer Laboratory-Roskilde Denmark

In collaboration with RIS0 National lab-Denmark research work on study
of fate of antioxidants and their influence on polymer matrix PE is underway from
the view-point of development of wire and cable formulations and fabrication of
improved shelf-life radiation sterilisable medical disposables. Facility of
irradiation of samples at RIS0 National Labs Denmark by electron beam has been
extended to radiation processing Lab at PINSTECH.

vi) Collaboration With Changchun Institute of Applied Chemistry, Changchun
China.

Under the "12th Science and Technology Cooperation with China"
protocol, a proposal entitled "Development of radiation crosslinked high specialty
cable and wire formulation" has been submitted to Ministry of Science and
Technology for approval. The programme envisages the study of role of
antioxidants and development of formulations for PVC telecommunication cables



and in particular heat shrinkables and their fabrication using extruders at
collaborating cable companies. Quality control of heat shrinkables will be carried
out at PINSTECH and at the Changchun Institute. Changchun Institute will set-
up laboratory at PINSTECH designed to produce heat shrinkables. With the help
of a Chinese expert, preliminary work related to development of formulations for
flame retardant, radiation resistant thin wire has been carried out at PINSTECH.
The wire was extruded using commercial extruder at Newage Cables Ltd. Lahore.
Tests of fabricated thin wire are underway to assess tensile strength at elevated
temperature alongwith gel content determination etc.

vii) Identification / Evaluation of Antioxidant in Plastic Parts Provided by
Manufacturing Industry:

Nature of antioxidants and other constituents in plastic fabricated material
provided by Ordinance Factory has been determined. In addition, suggestion of
remedial measures to cure cracking problem and moisture elimination during
compounding have been provided to the factory.

viii) CP-1'Stability and Stabilisation of Polymers Under Irradiation"

Participation in IAEA Coordinated Research Programme.

On the basis of good work carried out in the laboratory for many years in
the entitled field ,the laboratory has been invited by IAEA to work on a contract
as part of the coordinated research programme being pursued in many countries.
This demonstrates the internationally accepted level of expertise available at
laboratory for handling the project in question. The need to study the impact of
radiation on these antioxidants and their in turn influence on crosslinking
efficiency stems from the fact that well-known antioxidants for PE formulations
to be crosslinked by chemicals can't be used in identical % age or composition for
the radiation crosslinkable formulations. A patent will be sought and publication
is under preparation. Part of the work was carried out by a researcher of the
laboratory at the prestigious research center RIS0 National laboratory, Denmark.

ix) Development of Formulations for Radiation Sterilisable Vials & Syringes
with Improved Shelf Life

The work has been carried out in connection with IAEA CRP in which
several other countries are participating. The extensive survey of the market
including discussions with manufacturers of vials, pharmaceutical firms getting
these vials sterilised at PARAS,(Irradiation facility at Lahore, where routinely
vials are irradiated commercially), followed by discussions with management
personnel at PARAS led us to following conclusions:



1. A fair percentage of vials made from local formulation (LDPE +T1O2) when
irradiated at PARAS, at industrial standard 25 KGy develops yellow
colouration and tends to crack earlier on post irradiation storage.

2. The remedial measure adopted by PARAS of giving 50 KGy to remove
colouration may lead to further impairment of physical properties.

3. Other " affectees" are syringes which also fabricated from normal molding
process, demonstrate several practical problems namely:

L Colouration ii Flange Breaking UL Tip Breakage

All these mechanical failures indicate that polymer after irradiation no longer
possesses the elongation characteristics needed to accommodate the normal strains.

This degradation with time manifests itself in colour development and
embrittlement which cannot be tolerated. In the present study, on one hand, attention is
being devoted to study of change in characteristic properties that occur during processing,
irradiation and after irradiation. On the other hand new formulations are being developed.
The embrittlement and thermal studies of control samples and those developed from
modification by addition of a well known antioxidant Irganox 1010 are being carried out
by determining elongation at break, TGA / DTA measurements of samples aged at room
temperature and those aged at accelerated temperatures.

Results of TGA / DTA studies of the commercial formulation ( LDPE + TiO2)

and newly formulated composition (LDPE + TiO2+ Irganox 0.5 % containing

antioxidant) both irradiated and aged at 70 °C for five weeks indicate that the latter
demonstrates improved thermal stability. HPLC will reveal the fate of antioxidant and the
experimentation with newer formulations containing 0.1 %, 0.2 %,0.3 %, 0.4 % will help
in assessing the optimum amount to be used. This information must be useful in the
manufacture of vials with improved shelf life and thus will resolve the problem of
national interest in the field of Radiation Processing. Tests are being carried out by
determining tensile strength and elongation % at break. Samples for this study were
irradiated and aged at room temperature and aged at accelerated temperature.

B) Radiation Sterilisation:

The irradiation facility PARAS (Lahore) has been operating at full capacity. At
PARAS, routinely medical disposables, syringes etc. and vials have been commercially
irradiated for sterilisation for many years. New items added to the list of processed
material in preceding years include gems and glass irradiated to induce colours and
clarity. Facility was upgraded in 1993 from 100,000 curies to 200,000 curies and
presently strength of source is estimated at around 160,000 curies.

In the project entitled " The Use of Isotopes and Radiation to Strengthen
Technology and Support Environmentally Sustainable Development" (approved as a new
project from 1993-1997). attention has been focussed on a very important aspect relating



to Radiation Sterilisation. It lays particular emphasis on the provision of help and advice
in the formulation and implementation of national standards for industrial sterilization of
medical products, and in harmonizing these national standards within the region as well
as with other internationally accepted standards such as ISO. This aspect is considered to
be most essential in ensuring the quality of products, satisfaction of customers, and of
meeting requirements of a possible export of items to other countries.

It was planned to organize a 2- week -regional training course on one of RCA
countries in 1994 for the representatives of those regulators and Govt. agencies which are
directly responsible for formulating national regulations for radiation sterilisation and
have some familiarity with the working of ISO. PAEC has been able to derive maximum
benefit by arranging the training of suitable person from the commercial irradiator facility
in Pakistan, PARAS in such course organised in Thailand. In view of personnel's
training in the indicated area, we believe . time is ripe now for holding a National
Seminar on Standards" in which various national organisations e.g. operators users,
health ministry officials, standards institutions may participate to listen to lectures
from experts provided by the Agency. This will be particularly very important now even
from academic viewpoint, when irradiation of food items on commercial basis at PARAS
is being contemplated and dose precision is of utmost importance in this area. At NIFA(
National Institute of Food and Agriculture) Peshawar using a cobalt 60 pilot plant
facility, small scale irradiation of spices, potatoes, onions and garlic is underway and
clearance for the irradiation has been granted by the Govt. of Pakistan as detailed out in
the table.

Product

Potatoes

Onions

Garlic

Spices

Purpose of
Irradiation

Sprout Inhibition

Sprout Inhibition

Sprout Inhibition

Decontamination /

Disinfestation

Sort of
Clearance

Unconditional

Unconditional

Unconditional

Unconditional

Permitted
Dose (kGy)

Up to 0.15

Up to 0.15

Up to 0.15

Up to 10.00

Date of
Approval

13 June 1988

13 June 1988

13 June 1988

13 June 1988

IAEA - A III. Newsletter - 23 Jan. 1991.

C) Radiation Curing

Despite the fact there is potential for application of the technique in the area of
improvement of quality of finishing of leather and ceramic tiles, no significant activity
has taken place in this area. Pakistan being a wood deficit country , surface curing of
cheap wood by radiation also commands attention.



D) Radiation Vulcanisation of Natural Rubber Latex

This subject has not been of interest to us due to the fact that manufacturing base
of natural rubber industry is very small. Moreover Pakistan is not a producer of natural
rubber latex. Only a small quantity is imported from Indonesia for local manufacture of
protective gloves and vulcanisation of the latex is done by the conventional methods.

II. SUMMARY OF NEtfLY APPROVED TECHNICAL ASSISTANCE
PROGRAMME RELATED TO RADIATION TECHNOLOGY

The phase I of the technical assistance programme PAK 8 / 009 entitled "
Radiation Processing of Cable Insulation" has been completed. Its accomplishment have
been recorded elsewhere in report. The request for phase II entitled "Development of
Formulations for Radiation X- linked wire , Heat Shrinkables and Radiation Sterilisable
Vials" is broad based and has been approved by IAEA for the year 1995-96 and
laboratory has been equipped with test apparatus namely FTIR, Insulation Resistance
Tester and Flame Resistance Measurement apparatus. In the field of cable and wire
irradiation, utilising formulation developed in the laboratory, high specialty wires will be
fabricated using the commercial facility of collaborating wire and cable firms, followed
successively by their quality control and working of economic feasibilities. As pointed
out earlier, formulation work on the development of radiation sterilisable vials syringes
with improved shelf life is at an advance stage. This will be followed, in turn, by their
industrial production, irradiation at PARAS at the Industrial standard dose and then the
quality control. International collaboration available through the IAEA coordinated
programme entitled "Stability and Stabilisation of Polymers Under Irradiation in
Pakistan" may provide ample opportunities for broad-range quality control of the
products.

Ill ESTIMATION AND DESCRIPTION OF POTENTIAL INTEREST FOR NEW
APPLICATIONS IN NEXT 5 YEARS.

i Radiation Processing of Crosslinked Wire and Cables-New Potential

Phenomenal changes have occurred in the energy sector as two important
Memorandum of Understanding worth 10 to 12 billion US $ have been signed with US
firms and Consolidated Electric Power Asia (Hong Kong) for power generation. First, 16
agreements have been signed with US firms for commitments close to US $ 4 billion for
power generation (34500) MW) from coal including three hydel power projects. Second
, the Governments of Pakistan has signed a MOU(2) with Consolidated Electric Power
Asia (CEPA) for 5280 megawatt coal - fired power complex. Under this MOU, the CEPA
will undertake US $ 6 billion worth 5280 megawatt coal fired power station at Karachi,
laying of several hundred miles 500 KV OR HVDS transmission lines with a cost of US
$ 2 billion. Coal mining will be undertaken in Thar District. Also included in the



programme is a recently signed MOU between Pakistan and South Korea according to
which the latter will construct three fuel fired power stations (660 MW , 500 MW and

114 MW ) in Pakistani). The government has in all signed MOUs with nineteen
international investors to establish upto 10320 MW capacity power plants and when fully
implemented , would achieve the target faced in 8th and 9th five year plan. The present
combined capacity of the WAPDA and KESC (Karachi Electric Supply Company) is
about 11,000 megawatt. This reflects an addition of nearly equal the capacity created over
the last 47 years.

The steady growth of installed capacity of electricity over the past several years

Year

1971-72

1972-73

1973-74

1974-75

1975-76

1976-77

1977-78

1978-79

Installed
Capacity(MW)

1,862

1,972

2,072

2,430

2,528

3,334

3,417

3,467

Year

1979-80

1980-81

1981-82

1982-83

1983-84

1984-85

1985-86

1986-87

Installed
Capacity (MW)

3,518

4,105

4,205

4,798

5,010

5,615

6,298

6,653

Year

1987-88

1988-89

1989-90

1990-91

1991-92

1992-93

1993-94

Installed
Capacity(

MW)
6,811

7,104

7,449

8,716

9,369

10,598

10,896

The generation of potential for production of crosslinked transmission cables is oo
evident from these new developments. The generated potential will more than justify the
installation of capital intensive, Electron Beam by consequential firms already engaged in
production of crosslinked cables by chemical process.

Radiation Processing of Flue Gases

According to published report, the Consolidated Electric Power Asia Limited
(CEPAL) would import 38 million tonsW of coal per years for the proposed 5280
Megawatt power generation project. Coal-fired power plants tend to produce a lot of
smoke which would consist of lot of carbon, a certain amount of sulphur dioxide,
nitrogen oxide, and those metals usually found in our sedimentary rocks. A glimpse at the
table showing amount of sulphur expected from the processed power plant tells us that we
will have to deal with alarmingly high amount, by any standards, of sulphur. 37 million
tons per annum. Just imagine, the amount of acid rain produced from combining of and
nitrogen oxides.



Amount of SO^Expected from the Proposed Power Plants Karachi Area
Based on 1 % Sulfur in Coal)

LOCATION

Hub River

Hub River

Gaddani

Hawksbay

Mauripur

Manora Island

West Wharf

Gizri

Korangi Town

Korangi Creek

Port Qasim

Keti Bunder

Total

Annual level
Existing level

Grand Total

POWER PLANT
MW

(HUBCO) 1292

(FEPCO) 700

(Star/ABB) 196

(Tapal) 177

(Tristar) 110

(Tractable) 463

(Hundai) 460

(Hydro C) 200

(Gul Ahmad) 125

(Amber) 300

(Wak) 800

(Gordon Wu) *5280

ESTIMATED SO2
ton/day

480

260

73

43

41 -

[LPG]

171

74

46

111

297

1644

3210 metric ton per day

1171650 metric ton

82,000 metric ton / annum

~ 1.25 million metric ton per annum

Karachi Area

Source:- Dr. Parvaiz Nairn, Director IUCN Karachi

(Private Communication)

* ~ 30 Million tons of Coal / Year

The effects of acid rain would be devastating, perhaps much worse than witnessed
in the West, on vegetation. It will have disastrous effects on fresh water bodies. Acid rain
will solublise many fixed metals in alkaline soils in the area of Karachi and those metals
will mobilise and join fresh water lakes and canals, consequently will effect the adversely
the water quality in the area. Acid rain will also dissolve limestone used in the
construction of historical buildings in the area. This is unfortunately worst possible but a
likely scenario which could certainly materialise if we don't give environmental
protection that it deserves.

Alternatively, fired plants would also give out emission of similar nature. To
quote an instance, 362 MW power project at Lalpir Muzaffargarh would daily require



about 1500 tons(6) of furnace oil to be supplied by American Electric Supply Corporation
(AES). Unfortunately there is as yet no National Fuel Quality Standard (NFQS) in the
country. Any investor can buy the cheapest oil regardless of the sulphur contents in that
oil. Enumerated here are some of the ways which could ensure an environmentally
friendly operation of these plants.

Firstly, this will be proposed that Government should devise National Fuel
Quality Standards. It may also be ensured and made clear to all the potential investors,
foreign or local that their fuel quality must comply with our standards.

Secondly, important is the enforcement of legislation which would require
controlling of air pollution by installing proper measures to make sure that the amount of
the particular gases or matter is cut down to desired levels before they are emitted in the
atmosphere. To foster familiarity of executives and those responsible for devising the
aforementioned NFQS with "Radiation Processing of Flue Gases" as a viable
technology, holding of National Executive Seminar on " Radiation Processing of Flue
Gases" in Pakistan is proposed.

Thirdly the factual involvement of senior persons, well versed in the art of
radiation processing from the country in economic feasibility studies programme carried
out elsewhere and their invitation to expert advisory group meetings is proposed.

Lastly the results of on -going work in Poland, Germany and Japan may please be
made available to the National Coordinator . The last two approaches if adopted early
will help us launch a campaign of awareness amongst the concerned industry about the
availability of " Radiation Processing of Flue Gases" as a viable, efficient technology
whose effectivity has been practically demonstrated. Of course , awareness is always and
will be the first step in the many runged process that may culminate in change.

Potential Interest in Heat Shrinkablees
Pakistan Telecommunication Corporation has a demand for heat shrinkable kits

for cable and wire. Local firms have demonstrated interest in irradiation of heat
shrinkable kits fabricated by a Korean Company. We plan to develop formulations
indigenously so as to cut down drain on foreign exchange.

COMMENTS ON INTEREST IN NEW PROGRAMME

A new RCA Project Proposal has come in to being as a result of Expert Advisory
Group Meeting held at TRCRE, Takasaki, Japan. In the final formulation, three sub-
projects namely :

1) Radiation Processing of Natural Polymers,
ii) Research and Development of RVNRL,
ii) Applied Radiation Chemistry of Polymers,
were considered in view of their regional relevance and technological importance.

10
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We wish to demonstrate ample interest ininitiation of activities in Sub project-I
and sub-project 2 and also would like to strengthen our existing activities in the sub-
project 3. As pointed out earlier in this document, we have capability to play dynamic
role in diversified manners in this project i.e. by further consolidating our work in the
area of indigenous development of formulation of flame retardant, radiation resistant thin
wire insulation and by disseminating information on basic and advanced application of
the technology to other RCA member states. Help extended may involve not only
development of rudimentary infrastructure but also hands-on training of the staff and
provision of pertinent raw material.

It is heartening to note that TRCRE, JAERI will act as the mother organisation,
and that efforts are underway to utilise selected regional resource which may culminate in
sustained actively in the indicated disciplines in RCA member states

11
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COUNTRY REPORT: PHILIPPINES

ACfflEVEMENTS IN RADIATION TECHNOLOGY

1993-1996

1. Manpower Resource Development

1.1 Technical Personnel within the Philippine Nuclear Research Institute (PNRI)

before 1993

radiation sterilization
Co-60 facility
RVNRL

total

by end of 1996

radiation sterilization
Co-60 facility
RVNRL

total

;chnical Personnel outside

before 1993

RVNRL
radiation curing

total

by end of 1996

radiation sterilization
RVNRL
radiation curing

total

Senior
Scientists

1(1)
2(2)
2(2)
5(5)

1(1)
2(2)
2(2)
5(5)

Junior
Scientists

1(1)
1

2(1)

1(1)
3(1)
3(3)
7(5)

Technician

2
1
3

1
3
1
5

PNRI involved in project activities

Senior
Scientists

to
 

to

beneficiaries:
10(3)
2(1)
12(4)

Junior
Scientists

1
1

see Sec. #3.1
5(4)
1
6(4)

Technician

Total

2(2)
5(2)
3(2)
10(6)

3(2)
8(3)
6(5)

17(10)

Total

3(1)
3(1)

15(7)
3(1)
18(8)



1.3 Training

1.3.1 PHILIPPINE PARTICIPATION IN REGIONAL TRAINING EVENTS

ACTIVITY

Environmental Applications
1. RTC Environmental Applications

2. RTC EB Treatment of Flue
Gases

3. RS EB Treatment of Flue Gases

sub-total

Industrial Applications

1. RTC Fundamental Aspects

1. RTC Radiation Curing

2. RTC Biomedical Applications

3. RS Biomedical Applications

4. RW Economic Benefits

5. Int'l Symposium on RVNRL

sub-total

Radiation Sterilization Standards

1. RTC Radiation Sterilization -
Validation, Control and ISO

2. RTC Radiation Sterilization -
Regulations and Standards

sub-total

Radiation Facilities Operation
Standards

1. RTC Regulation and Inspection
of Radiation Facilities

2. RW Safe Operation of Radiation
Facilities

sub-total

GRAND TOTAL

Output

1.6

1.7

2.1

2.3

1993

1(1)

1(1)

1(1)

1(1)

2(2)

3(3)

1994

2

2

2(2)

1(1)

3(3)

2(1)

2(1)

7(4)

1995

KD

1(1)

1

1

2(1)

1996

2(1)

2(1)

1

1(1)

2(1)

2(2)

2(2)

1

1

7(4)

TOTAL

KD
2(1)

2

5(2)

3(3)

1

1(1)

1(1)

1(1)

1(1)

8(7)

2(1)

2(2)

4(3)

1

1

2

19(12)



1.3.2 PARTICIPANTS TO NATIONAL TRAINING EVENTS

ACTIVITY

Environmental Applications

Echo Seminar on Environmental
Application

Seminar on EB Treatment of Flue
Gases

sub-total

Industrial Applications

Seminar on Radiation Curing

Consultative Meeting on RVNRL

Consultative Meeting on Radiation
Sterilization

Seminar on Radiation Sterilization

Training Course on Radiation
Chemistry

Echo Seminar on Economic Benefits
of Radiation Processing

Seminar on Industrial Contract
Irradiation

sub-total

Radiation Sterilization Standards

Training Course on Radiation
Sterilization

sub-total

TOTAL

Output

1.6

1.7

2.1

1994

31 (27)

29(7)

60 (34)

26(10)

11(4)

35 (28)

16(11)

26(18)

114(71)

174(105)

1995

32(11)

17(10)

49(21)

49(21)

1996

35 (23)

35 (23)

30(21)

30(21)

65 (44)

TOTAL

31 (27)

29(7)

60 (34)

26(10)

11(4)

32(11)

52 (38)

16(11)

26(18)

35 (23)

198(113)

30(21) •

30(21)

288(170)



1.3.3 Experts to the Philippines

FIELD

RVNRL (1994, 1996)
NTC Radiation Chemistry, 1994

Radiation Curing, 1994
Radiation Sterilization, 1994
EB Treatment of Flue Gases, 1994
Feasibilty Study, 1996
NTC Radiation Sterilization, 1996

EXPERT

Marga Utama,Indonesia
Clemens von Sonntag, Germany
Joseph Silvermann, USA
Shin-ichi Ohno, Japan
Takashi Sasaki, Japan
Istvan Czajlik, Hungary
Geoffrey Jacobs, Israel
Andrazj Chmielewski, Poland
Niklaus Studer, Switzerland
Marina Saunders, Australia
Masaaki Takehisa, Japan

SOURCE

IAEA PHI/8/013
IAEA PHI/8/013

RAS/92/073
IAEA PHI/8/013

RAS/92/073
RAS/92/073
RAS/92/073

2. Public Awareness

2.1 Activities such as vidoes, information materials, TV and radio coverages, etc.

video
brochure
radio interviews
TV interviews
exhibits
press releases
lectures in schools

radiation sterilization

1
1
6
3
12
4

15 (3410 students)

RVNRL

7
1

2.2 Technical reports

Published
Presented

international

2

local

5
2



3. Network of NNRI, immediate beneficiaries and end users

3.1 Technology cooperation partners

3.1.1 Radiation Sterilization:

number of companies making inquiries 13
number of companies testing their product 5
number of companies routinely irradiating products on 9

a semi-commercial scale

Total 27

3.1.2 RVNRL

The Philippine Rubber Industries Association Inc. (PRIA) and the University of
Southern Mindanao are the cooperators in the RVNRL project, with the PRIA
pledging to support the project in sourcing raw materials, production and
evaluation of radiation vulcanized (RV) products.

3.2 List of significant agreements, understanding, etc.

3.2.1 Radiation Sterilization:

Technical support extended to various users from industry in the form of
technical advice, bioburden studies, dose validation, tests for radiation
compatibility of products and their packaging

Assistance/consultation in the conduct of feasibility study for the setting up
of a commercial facility (3 private companies showing interest)

3.2.2 RVNRL

the Philippine Rubber Industries Association Inc. pledged to support the
RVNRL project in sourcing raw materials, production and evaluation of
radiation vulcanized (RV) products.



4. Investment for Nuclear R&D (1993-1996)

4.1 PNRI Budget

Administration
Personnel
MOOE

ARD
Personnel
MOOE

NSTD
Personnel
MOOE

NRLSD
Personnel
MOOE

Total
Personnel
MOOE

Infrastructure
Repair of Reactor
Equipment

Grand Total

1993

386,000
127,000

315,000
178,000

209,000
125,000

157,000
103,000

1,067,000
533,000
231,000
248,000

2,079,000

1994

442,000
164,000

291,000
171,000

192,000
105,000

150,000
90,000

1,075,000
530,000
385,000
577,000
97,000

2,664,000

1995

532,000
475,000

304,000
248,000

192,000
168,000

151,000
163,000

1,179,000
1,054,000

961,000
192,000
239,000

3,625,000

1996

370,000
429,000

472,000
328,000

289,000
334,000

236,000
125,000

1,367,000
1,216,000
1,154,000

39,000
231,000

4,007,000

Total

1,730,000
1,195,000

1,382,000
925,000

882,000
732,000

694,000
481,000

4,688,000
3,333,000
2,731,000
1,056,000

567,000

12,375,000

MOOE: Maintenance and Other Operating Expenses
ARD: Atomic Research Division
NSTD: Nuclear Services and Training Division
NRLSD: Nuclear Regulations, Licensing and Safeguards Division

5. Infrastructure for R&D

Funds in addition to

for RVNRL:

equipment
others

PNRI budget

$101,225
$9,058

Source
IAEA PHI/8/013
DOST-PCASTRD

DOST: Department of Science and Technology
PCASTRD: Philippine Council for Advanced Science and Technology Research

and Development



The Radiation Chemistry Laboratory of PNRI has been equipped with the following
FT-IR spectrophotometer

- Instron tensile strength tester
Differential Thermal Analyzer
TGA analyzer
Viscometer
Disc-gel electrophoresis

- Kjeldahl analyzer
- HPLC

UV-Vis spectrophotomer
Refractometer

- humidity control chamber
others, such as Geer oven, vacuum oven, drying oven

AAS, ESR and TXRF facilities of other laboratories of PNRI are also available to the
project.

6. Investment for commercial or routine application of technologies

For the pilot scale multipurpose gamma irradiation facility of PNRI, which is used for
the semi-commercial radiation sterilization

Source
Co-60, 50,000 Ci (1993) $103,485 IAEA PHI/8/013
Co-60, 120,000 Ci (1996) 225,344 DOST-GIA
repair of building 16,411 PNRI
spare/replacement equipment 10,732 PNRI

Total $355,972

7. National standards

7.1 industrial radiation sterilization

The Bureau of Food and Drugs (BFAD) has drafted rules and regulations on radiation
sterilization and other sterilization processes for medical products. These are being
circulated for comments.

7.2 safe operating procedures for industrial radiation facilities

In November 1993, PNRI, the nuclear regulatory authority of the country, has
published in the Official Gazette, the Code of PNRI Regulations, Part 15, Licenses for
Large Irradiators. This code establishes the requirements for the safe operation of large
irradiators used for the irradiation of materials and objects using radioactive materials..



8. Impact on economic growth

PRODUCTS IRRADIATED AT THE
MULTIPURPOSE IRRADIATION FACILITY

1993-1996

PRODUCT

rubber gloves
(sterilization)

empty aluminum tubes
(sterilization)

sutures
(sterilization)

empty eye drop bottles
(sterilization)

orthopedic implants
(sterilization)

empty gelatin capsules
(decontamination)

cosmetics raw materials
(decontamination)

sludge
(decontamination), R&D

spices
(decontamination)

carageenan (seaweed flour)

(decontamination)

onions
(sprout inhibition), test marketing

Irradiation Cost, US $

1993

1.1 m'

15.8 m'

1.1 m'

8.2 m3

2.5 tons

1 ton

2,715

1994

15.6 m'

17.3 m'

12.6 m3

0.2 m'

0.5 ton

4 tons

6,742

1995

13.4 m3

19 m'

21.4 m3

2.1 m'

109.7 m3

147 kg

17.8 tons

6 tons

13,319

1996*

15.1 m3

1.2 m3

4.5 m3

113.3 m3

0.7 m3

29.9 tons

35.5 tons

10.4 tons

12,610

Total

30.1 m3

67.2 m'

1.1 m3

22.6 m3

6.6 m'

243.8 m3

0.9 m'

147 kg

50.7 tons

35.5 tons

21.4 tons

35,386

* up to October 1996 only

NEXT PAQE(S)
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REPORT FOR SINGAPORE
UNDP/RCA/lAEA Regional Project for Asia & Pacific - Project No RAS/8/070
Fourth Meeting of National Coordinators for Radiation Technology
11 - 16 December 1996, Takasaki, Japan

In submitting this report for the above meeting, I want to record appreciation to the
UNDP/RCA/lAEA foT their continuing support and contribution to this project. I wish to
express my deep apologies to our Japanese hosts and the NCM that I am unable to attend
this 4th National Coordinators Meeting due to exigencies. I also wish to express apologies
that my substitute Miss Valerie Lim (my former MSc student, and since then, my
collaborator in Radiation Technology) is unfortunately unable to be at this meeting.
Although her nomination to attend the 4th NCM had been accepted by both the authorities
in Singapore and those at IAEA, the logistics were not possible.

1. IAEA INPUTS AND SINGAPORE'S DEVELOPMENT

We are indeed grateful for IAEA's inputs in encouraging the use of Industrial Technology
in Singapore. We would like to acknowledge the visits to Singapore by IAEA experts. We
have been grateful for visits of Prof Ma Zue Teh and Dr John Easey in recent years.

Singapore's economic development depends on both the manufacturing and service
sectors as twin engines of growth. Today, our key manufacturing industries include the
areas of electronics, fabricated metal products, machinery, plastics, printing and
publishing, paints and pharmaceuticals, petroleum and biotechnology.

For many of these areas, the application of higher or more sophisticated technology such
as Radiation Technology would certainly improve the quality of the manufacturing
processes as well as the products. This will bring benefit not just locally, but possibly to
other countries in the Tegion, as industrial and economic cooperation is strengthened.

We are thankful for the usefulness of the various UNDP/RCA/lAEA training programs.
Since 1987, a wide range of expertise has been made available to us in training courses
and more than 16 Singapore participants have received training in:
• Radiation Processing Technology
• Radiation Protection
• Radiation Sterilization of Medical Products
• Medical Applications of Radiation Technology
• Radiation Technology for Journalists

We continue to welcome places on future training programs and look forward to the time
when we can increasingly host and/or supply lecturers in the program. We also welcome
the efforts of the IAEA to send information about future courses to both the appropriate
Government agencies and the National Coordinators in the various countries concerned.
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2. STATUS OF RADIATION TECHNOLOGY APPLICATIONS

First of all, I wish to report a major change in the national focal point for IAEA matters,
and in particular, the role of National Coordinator for the IAEA Asia-Pacific Regional
Cooperative Agreement (RCA) programs. In early 1996, the Ministry of Environment in
Singapore took over this role from the National Science and Technology Board (NSTB).

While high energy radiation has been used in Singapore for several years in the medical
field, radiation processing in industry has only recently been growing in use.

2.1 ON-GOING PROJECTS

Radiation Technology in Industry

Tetra Pak Pacific Pte Ltd, established in Singapore in 1980, is part of the multinational
Swedish liquid-packaging giant Tetra Pak. Its industrial plant in Singapore was the first to
introduce radiation technology to a printing process in our country. The process at Tetra
Pak enables the plant to use solvent-free ink when printing the layer of paper in its
laminated packaging material. Electron beams initiate the polymerization of specially
formulated ink onto the paper.

Since then, the application of radiation technology in surface coatings has gained
increasing local and regional interest. There has been particular interest in the curing of
printing inks on paper. A number of publishing establishments in Singapore now employ
ultra-violent curing of printing inks.

A few years ago, a local company commissioned the Nanyang Polytechnic in Singapore to
develop an automated machine for coating a thin layer of photo-resist onto a liquid crystal
display (LCD) glass panel. The coating machine that was eventually developed employs
ultra-violet radiation to cure the photo-resist coat. This machine has increased productivity
and reduced cost, and it is currently used in the company's Singapore plant, and also in its
West Malaysia and China plants.

Industry is also increasing its use of radiation in a wide range of applications especially
related to trouble-shooting and process investigation. Both sealed and unsealed sources
have been employed. Special mention is made of SETSCO Services Pte Ltd, which has
been involved in providing IAEA Training Fellowships.

Radiation Sferili?ation in Tndustrv

Baxter Healthcare, established in Singapore in 1978, is part of the American healthcare
products manufacturer Baxter International Incorporated. The plant in Singapore produces
blood transfer and intravenous sets under the stringent US Food & Drugs Administration
guidelines. Products are sterilized by gamma radiation from a 3.5 MCi cobalt-60 source. In
addition, latex gloves, syringes and needles are also sterilized for contract customers. This
gamma radiation facility may be upgraded in future to a maximum capacity of 4.5 MCi.



Report for Singapore, 4th NCM, December 1996

2.2 FUTURE PROJECTS

In 1996/97, there is a possibility that a small to medium size food irradiation plant will be
set up in Singapore. A private company is at the stage of discussions with the National
Science and Technology Board (NSTB) of Singapore on the possibility of such a set-up.

In Singapore, the purification of water is also important. We remain eager to look at the
feasibility and the relevance of Tadiation technology in this area.

3. UNIVERSITY RESEARCH ON RADIATION

The development of new and improved materials is an urgent and important activity
around the world. In Singapore, both our local universities have recently established
Materials Research centers.

The Advanced Materials Research Center (AMRC) was formed at the Nanyang
Technological University to streamline and coordinate research activities in materials
within the university. It also aims to provide a pool of materials experts to advise and
assist industry in the area of materials science and engineering. The Institute of Materials
Research and Engineering (IMRE) was established at the National University of Singapore
to spearhead industrial research programs at national level. A number of my collaborators
in Radiation Technology are having key roles in this institute. We would therefore like to
extend our on-going University research on radiation-induced composite materials.

4. SOME OTHER CHALLENGES IN THE FUTURE

We hope that we can acquire a suitable electron beam accelerator at some stage, so that
electron-beam radiation may be employed in the preparation of new polymers and polymer
composites for specialized applications. In addition, the development of electron beam
technology in Singapore could lead to the following processing applications: radiation
curing of microelectronic components, and the radiation sterilization of medical disposable
products.

In order to further promote Radiation Technology, we would welcome hearing from those
who are visiting Singapore and may be able to help in seminars and discussions. "We
would also welcome having our personnel visit other countries and centers foT
collaboration and mutual inspiration

Acknowledgement
I would like to acknowledge the help of Miss Valerie Lim in the preparation of this report.
We would also grateful to the Ministry of Environment of Singapore for accepting Miss
Lim as my substitute at this 4th NCM, but regret that she was not able to attend. Finally, I
would like to thank all concerned including colleagues and collaborators in Singapore and
abroad for their kind interest and encouragement.
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FOURTH MEETING OF NATIONAL CO-ORDINATORS FOR RADIATION

TECHNOLOGY

Takasaki Radiation Chemistry Research Establishment (TRCRE)

Takasaki - Japan 11th - 19th Dec. 1996

Sri Lanka is involved in the field of radiation

technology in the areas of radiation vulcanisation of

natural rubber latex (RVNRL), sterilisation of medical

products &. sterilisation of tissue grafts.

Radiation Vulcanisation of Natural Rubber Latex

Sri Lanka has been taking part in this project since

1981. The members of the Sri Lankan National Research

Group (NRG) comprise of scientists from Atomic Energy

Authority(AEA), Rubber Research Institute(RRI),

Industrial Development Board(IDB), Ceylon Institute of

Scientific & Industrial Research(CISIR) and

industrialists from Dipped Products Ltd- a private

organisation. These members of the group have carried out

research & development work on RVNRL with the assistance

of IAEA under RCA programme. A team of researchers from

the Polymer Division of University of Moratuwa also

became affiliated with the project, recently, on a

request made by the AEA.

At present the NRG on RVNRL in Sri Lanka is carrying out

the following research activities.

a. Improvement of physical properties of radiation

vulcanized films.

b. Effect of maturation of centrifuged latex on physical

properties of radiation vulcanised films - after & before

irradiation.

c. Study on extractable proteins.



In this context, the suggestions and ideas of the

industrialists of the Sri Lankan rubber field have been

an immense use to us.

The national research group, in accomplishing the above

research work, make use of the Co-60 gamma cell installed

at Human Tissue Bank. The Co-60 irradiator at Ansell

Lanka Ltd will be used for processing of large quantities

of latex.

Transfer of Technology:

The AEA is working with an objective to transfer this

technology to the Sri Lankan rubber industry of the

private sector if AEA could obtain an irradiator or

Electron Beam machine through financial assistance from a

donor country.

The AEA has prepared and submitted a proposal with a view

to acquiring an irradiator for research, development 5.

demonstration of RVNRL technology, to the Ministry of

Science & Technology under the Japanese International Co-

operation (JICA) Programme. Furthermore, a similar

proposal was submitted to the Ministry of Science &

Technology last month, to be taken up at the German Sri

Lanka bilateral consultations.

With a view to enhance the public awareness on radiation

technology in Sri Lanka the AEA organised workshops

initially to educate journalists on the topic of

radiation technology.

Trainings:

Number of scientists from AEA, RRI, CISIR, IDE and Ansell

Lanka (Pvt) Ltd. have had training under IAEA awards or

bilateral Japanese awards. In addition, number of other



industrialists were exposed to National Executive

Management Seminar (NEMS) on RVNRL held in Sri Lanka.

Currently, a scientist from RRI in Sri Lanka, is

undergoing training on RVNRL for one year at TRCRE in

Japan.

Radiation Sterilisation and banking of human tissue

grafts:

The Human Tissue Bank in Sri Lanka is a model

project of the IAEA. It is a joint venture of Sri Lanka

Eye Donation Society, Health Ministry and AEA. The

objectives of this project, are to establish a capability

to procure, process and radiation sterilise human tissue

grafts from donor cadavers using internationally approved

quality systems and procedures and to ensure their

skilful clinical use, to produce annually, by the year

2000, about 55,000 pieces of various radiation sterilised

human tissue grafts of high quality. This will enable us

to meet not only national demands, but also for

international distribution and to set up a regional

centre of excellence for human tissue banking for

training and demonstration purposes.

Expert visits:

Under this project two experts from IAEA have visited Sri

Lanka on special missions during last year.

1. In July 1996, Dr. Von Versen from IAEA visited Sri

Lanka for implementation of microbiology control system

at Human Tissue Bank.

2. The IAEA expert Dr. Norimah Yusof paid a visit to Sri

Lanka on Dose Validation and Dose Setting of Gamma Cell

at Tissue Bank from 21st July to 03rd August 1996.



Two medical doctors went on 2 week scientific visits to

Central Tissue Bank in Berlin, in 1996 under the IAEA

model project. The Human Tissue Bank received number of

equipment such as a freezer, an electrical heating

equipment, mixture and chemicals under the model project.

Thirty-two cadavers have been donated to the tissue Bank

from July 1995 to end of 1996. The tissues supplied to

hospitals after sterilisation have been used among 83

patients for surgeries by end of this year.

Sterilisation of Medical Products:

Ansell Lanka (Pvt) Ltd, a private sector organisation is

presently executing sterilisation of rubber gloves on a

commercial scale mainly for the export market. The Co-60

irradiator at Ansell has activity around 1.2 million

curies and is upgradable to 3 million curies. The annual

production volume is about 30,000 m3.

Views on New project proposal on Radiation Processing of

Polymers:

Sub-project 1: Radiation Processing of Indigenous Natural

Polymers

The radiation technology has been applied to modify

mainly synthetic polymers by grafting, crosslinking or

degradation. The above proposed sub-project is to modify

indigenous natural polymers which are not yet exploited

to their full potential, either as biomaterials or as

engineering materials. Sri Lankan fibre and textile

industry and engineering & plastic industry will be

benefited from this. The National Research Group on this

sub-project will consist of AEA, CISIR, University of

Moratuwa (Materials Engineering Department) and



University of Sri Jayawardenapura (Polymer Science

Department).

Sub-project 2: Research and Development of RVNRL

The RVNRL technology has been developed sufficiently to

be accepted as a safe material for medical applications

through the UNDP/IAEA/RCA programme. There are some

problems such as high initial investment for irradiator

and some inferior physical properties of radiation

vulcanizates to sulphur vulcanizates. The new project of

R&D of RVNRL will be directly beneficial to Sri Lanka in

order to further develop the RVNRL programme & then

transfer this technology to rubber industry. By providing

exposure & training to rubber industrialists and

scientists through Regional Training Courses(RTC) &

Executive Management Seminars(EMS)on RVNRL will be useful

to fulfil the above purpose.

The AEA has decided at the last NRG meeting on RVNRL to

get the involvement of other dipped products

manufacturers and latex producers for the R & D

activities in the group, in addition to the presently

involved industrialists who are already participating in

the project activities.

Sub-project 3: Applied Radiation Chemistry for polymers

This project will assist us to acquire expert assistance

from more advanced Member States, in the region, in order

to organise national activities . By this, Sri Lanka will

be able to develop its own expertise and capabilities in

the field of radiation processing of polymers, to get

maximum out put, from the above mentioned two projects.



The Sri Lankan Government thanks the IAEA, UNDP, Japan

and other donor countries for providing assistance by way

of expert missions, training, provision of instruments

for the projects on radiation technology.

Samantha Kulatunge.

National Co-ordinator for Radiation Technology,

Sri Lanka.



UNDP/IAEA/RCA

Regional Project on
The Use of Isotope and Radiation to Strengthen Technology

and Support Environmentally Sustainable Development

Country Report

Thailand

The Fourth Meeting of National Co-ordinators
for

Radiation Techonlogy

11-16 December 1996

Takasaki, Japan



COUNTRY REPORT : THAILAND

Manit Sonsuk
Chemistry Division

Office of Atomic Energy for Peace

Introduction

The activities of radiation technology in Thailand have been
implement through various national and regional programme. The number
of Thailand participation in various regional events as well as national
events are sumarised in Annex 1 and 2 respectively.

Status of Radiation Technology in Thailand

A. Radiation Vulcanisation of Natural Rubber Latex ( RVNRL )
Radiation Vulcanization of Natural rubber Latex ( RVNRL ) has

been introduced to people from latex industries and rubber product
manufacturers in Thailand in 1989 through the National Executive
Management Seminar on RVRL, National Training Course on RVNRL in
1990 and National Workshop on RVNRL in 1994.

So far, there is no much interest from the industry to use RVNRL
for manufacturing into dipped or other products. Thai Fuji Latex Co.,
Ltd., the only private company start R&D on RVNRL since 1992 finally
had problems to irradiate the latex at Thai Irradiation Center (TIC) of
OAEP and turned to use facility at Kendal-Gammatron Co.,Ltd.. Due to a
much smaller size fo product box designed for radiation sterilzation at the
Kendal Gammtron Co., Ltd., a thousand of irradiation vessels were put to
irradiate in a month to obtain 13 ton of RVNRL per month. The
production is now terminated for unknown reson.

Ministry of Scince Technology and Environment (MOSTE) by
Nation Center for Metal and Material Technology (MTEC) continues to
support the R&D project on RVNRL. About 4.6 Million Thai Bath( 0.184
million USD) has been allocated for laboratory irradiator for RVNRL. It is
expected to be installed at the begining of 1997 at Chulalongkorn
University. The irradiator was a laboratory irradiator with a capacity of 10
kCi designed by K.S.Aggarwal in 1988 with a little modification.

Research and development on RVNRL from 1994 has been limited
to only OAEP and the Department of Nuclear Technology, Chulalongkom
University. Studies on the effect of natural antioxidants in latex to the
vulcanization dose and film properties is being conducted at the
Department of Biochemistry Chulalongkorn University.



B. Radiation Processing of Sewage Sludge and Manicipal Waste
Water

R&D in radiation processing of sewage sludge has been carried out
since 1989 when bilateral agreement has been made between JAERI and
OAEP under the title of "Sludge Pasteurization and Upgrading by
Radiation " starting from 1990 to 1993. An extended agreement between
JAERI and OAEP on the subject was signed in 1994. R & D on the
second phase ( 1995 - 1998 ) was emphasized on upgrading of agricultral
waste by radiation. Research topics will cover effect of radiation on
microorganisms and production of useful substances from agricultural
wastes.

C. Radiation Curing
Currently the printing industry including packaging industry has a

growth rate of 15 - 20 percent and it is expected that this figure will
continue over next five years. In order to promote the growth of printing
industry and its supporting industries such as paper, ink and polymer need
to be developed. Almost all the resins and ink materials are imported but
after the start up of National Petrochemical Complex (NPC) industries, it
is expected the some necessary raw materials needed should be available.
Since the used of radiation from electron beam source is becoming
increasingly important for curing technology. According to National
Executive Management Seminar on Radiation Curing Technology in 1986.
Workshop on Industrial Utilization of Electron Acclerator in 1992 and The
Fifth International Conference on Radiation Curing held in Bangkok in
1995 strong recommendation was given that electron beam processing
should be of great potential to use in industries in Thailand in the future
and the government agency should , therefore, support research and
development on electron beam processing and its utilization. From this
reason OAEP realizes the important to provide electron beam machine of
low energy for R & D in this field about 7 Millon Thai Baht (0.28 million
USD) will submit for 1998 Budget for purchasing Electron Processing
System ( 200k V-20mA-l 5cm Lab Unit).

D. Radiation Sterlization
Most of activity on industrial radiation sterlization of medical

products have been mainly done at Kendal Gammatron Co. Ltd., which is
only private-owned radiation sterlization plant in Thailand. In 1995 and
1996 about 3000 and 6000 boxes of medical products were irradiated
respectively. About 80% of irradiated items are thier own product. Co-60
gamma irradiator at Thai Irradiation Center is mainly used for food
irradiation less man 15 % is used for radiation sterlization.



E. Other related Activities
After two weeks National Training Course on Radiation Chemistry

was organized by OAEP in December 1995. R&D on radiation grafting is
being conducted by collaboration with Chulalongkorn University, Mahidol
University and Kingmongkut's Institute of Technology Ladkrabang. The
radiationstudies on graft polymerization of cassava strach with styrene
monomer and surface modification of PP and PE film by radiation induced
grafting on binary monomer are being conducted.

Conclusion
It is well reconized that the Regional Project on " The Use of

Isotope and Radiation to Strengthen Technology and Supprot
Environmentally Substainable Development (RAS/92/073), has made
valuable contributeion to the promotion of radiation technology in
Thailand. R&D activities namely: radiation sterlization of medical product,
radiation curing, radiation vulcanization of natural rubber latex and
radiation treatment of sewage sludge are now under way. In term of human
resources, the specifically skilled personnel are periodically upgraded
through the project frame work. Thailand will continue participate in the
new programme of RCA activities on Radiation Processing of Polymer
that will start from 1997. Thailand strongly believes that the new
programme will be very useful for the development of radiation application
in all nember states.

Thailand is now being conducted R&D in radiation grafting for
modification of polymer especially natural polymer which aims to develop
new product for biomedical and agricultral application. On the otherhand
Thailand is also the one of mains production of natural rubber. The need to
promote R&D on its quality and manufacture into high value-added
products is a must. RVNRL is one of the newly developed radiation
technology which give many superior properties when compared to
conventional vulcanized, it is hope that due to the high competition among
rubber products producers in the world market, a number of local rubber
products producer will consider RVNRL as substitute in part especially for
many items of medical products.



ANNEX 1

THAILAND PARTICIPATION IN REGIONAL EVENTS
ON RADIATION TECHNOLOGY( PROJECT RAS/92/073)

FROM 1993-1996

ACTIVITY

Output 1.6
Activity 1.6.1
Regional Training Course
on Application of Radiation
Processing for Decontami-
nation of Liquid Waste

Activity 1.6.4
Regional Seminar on
Electron Beam Technology
for Purification of Flue
Gases

Out put 1.7
Activity 1.7.1
Regional Training Course
on Radiation Curing

Actvity 1.7.3
Regional Training Course
on Environmental Applica-
tion of Radiation Technolo-
gy

Regional Training Course
on Radiation Technology
for Environmental Conser-
vation

Regional Training Course
on Fundamental Aspects of
Radiation Technology and
Environmental Application

Activity 1.7.6
Regional Seminar on
Radiation Technolgy for
Biomedical Application

1993
Govt. Ind

1

2

1994
Govt Ind

1

1

1995
Govt Ind

2

2

1996
Govt Ind

2

TOTAL

2

2

2

1

2

1

1



ANNEX ]

THAILAND PARTICIPATION IN REGIONAL EVENTS
ON RADIATION TECHNOLOGY( PROJECT RAS/92/073)

FROM 1993-1996

ACTIVITY

Output 1.6
Activity 1.6.1
Regional Training Course
on Application of Radiation
Processing for Decontami-
nation of Liquid Waste

Activity 1.6.4
Regional Seminar on
Electron Beam Technology
for Purification of Flue
Gases

Output 1.7
Activity 1.7.1
Regional Training Course
on Radiation Curing

Actvity 1.7.3
Regional Training Course
on Environmental Applica-
tion of Radiation Technolo-
gy

Regional Training Course
on Radiation Technology
for Environmental Conser-
vation

Regional Training Course
on Fundamental Aspects of
Radiation Technology and
Environmental Application

Activity 1.7.6
Regional Seminar on
Radiation Technolgy for
Biomedical Application

1993
Govt. Ind

1

2

1994
Govt Ind

1

1

1995
Govt Ind

2

2

1996
Govt Ind

2

TOTAL

2

2

2

1

2

1

1



ACTIVITY

Activity 1.7.6
Advanced Application of
Radiation Technology for
Biomedical Application

Activity 1.7.9
The Second International
Symposium on Radiation
Vulcanisation of Natural
Rubber Latex

Output 2.1
Activity 2.1.3
Regional Training Course
on Radiation Sterilization
Vlidation Routine Control
and Application of ISO
Standard

Regional Training Course
on Industrial Sterlization
regulations Standards and
Enforcement

Activity 2.1.4
Regional Workshop on
Radiation Processing in
Industry Process Control
and Dosimetry

Regional Training Course
on Process and Quality
Control on Radiation
Processing

Output 2.3
Activity 2.3.2
Regional Workshop on
Safe Operation of
Radiation Facilities

1993
Govt Ind

1994
Govt Ind

1 2

2

1995
Govt Ind

1

2

1996
Govt Ind

2 2

1 1

1 1

GRAND TOTAL

TOTAL

1

4

3

2

2

2

2

27



ANNEX 2

NATIONAL EVENTS ON RADIATION TECHNOLOGY
(PROJECT RAS/92/073 )

FROM 1993-1996

ACTIVITY

Output 1.7
Activity 1.7.10
National Wrokshop on
Radiation Vulcanisation of
Natural Rubber Latex

Activity 1.7.7
National Training Course
on Radiation Chemistry and
Its application

1993
Govt Idn

1994
Govt Ind

17 22

1995
Govt Ind

17 4

1996
Govt Ind

GRAND TOTAL

TOTAL

39

21

60
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INTRODUCTION

Radiation technology is extensively used in industry for more than 30 years. In
Vietnam, however, it has taken off very recently. For the 80's decade, our scientists
began to carry out laboratory research in "conventional" radiation technology, such as:
sterilization of medical products; cross linking of polyethylene articles; polymerization of
wood-polymer composite-based products. Some encouraging technology were subjected
to research, for example, radiation vulcanization of natural rubber latex (RVNRL); food
irradiation (FI) etc. Most of the mentioned researches were carried out at a small IAEA
supplied gamma cell of 17.5 kCi in the Dalat Nuclear Research Institute (NRI). Some
other works were carried out at therapeutic radiation sources in hospitals. The promising
application of radiation technology has lead to the IAEA project VIE/8/004 "Food
Irradiation" to set up in Hanoi Irradiation Center a semi-commercial irradiation facility to
demonstrate the benefit of radiation in food preservation and sterilization of
pharmaceutical and medical products.

In 1991 when this facility went into operation, Vietnam started the period of
research and development (R-D) of radiation technology. The implementing of the
UNDP/RCA/IAEA Project RAS/92/073 synchronized with the R-D activity of Vietnam.
Thai situation affected positively on the national R-D program, which concentrated in the
frame of the National Sub program KC-09-04 for 1991-1995.

On the other side, on the background of improving political climate around
Vietnam, one could observe a significant growth of the national economy. In general,
the GDP of Vietnam increased for the period 1993-1996 approximately 8% annually.
Some branches of industry related to radiation technology now have good chance to be
established or expanded. It means that some industrial opportunity is appearing for
development and transfer of the radiation technology in our country.

In this report I am going to summarize the R-D activity and technological transfer
in Vietnam for the period of implementing of the Project RAS/92/073. The attention is



delivered to the most promising industrial applications, which are going to be
implemented in Vietnam.

NNRI NETWORK AND MANPOWER RESOURCE

Institutes responsible for R-D of radiation technology are the following:
1. Institute of Nuclear Science and Technique in Hanoi: Two units related to

radiation technology are the Hanoi Irradiation Center (HIC) and the Center for
Application of nuclear techniques with the staff of about 40 persons.

2. Nuclear Research Institute in Dalat City including the Radiation chemistry and
Radiation biological laboratories with the staff of 15 persons.

3. Nuclear Technique Center in Ho Chi Minn City: Newly set-up Irradiation
Center for Sterilization with the staff of 15 persons.

4. In other related nuclear research institutes (Institute of Physics, Universities):
10 persons involved in R-D of radiation technology.

In totality, the manpower for radiation technology of the core groups within the
NNRI by the end of 1996 consists of about 80 persons. It did not increase in comparing
with the one before 1993, however, the personnel qualification has improved
significantly. Exceptionally, outside of the NNRI manpower of disciplines related to
radiation technology increased obviously: there are more than 100 persons including
technology beneficiaries and end users, engaged in R-D and transfer of radiation
technology (in medicine, agriculture, biology and industry etc.).

RADIATION FACILITIES AND EQUIPMENT

The meaningful equipment's are the following:
1. A semi commercial irradiation facility at the Hanoi Irradiation Center (HIC),

belonging to the Institute of Nuclear Science and Technique. The first loading in July
1991 was 110 kCi of Co-60 on a total capacity by 1 MCi. The construction for this
facility is. in fact, of a commercial scale, then the irradiation facility will be able to be
upgraded to an industrial one in future. In the HIC there are two laboratories for
dosimctry and radiation biology.

2. A gamma cell of 17.5 kCi capacity for research is going on in reliable
laboratory service in the Dalat Nuclear Research Institute (300 km Northern from Ho Chi
Minh City). There are laboratories for radiation chemistry and radiation biology.

3. An UV source was installed in the NRI recently for R-D onto surface coaling
and radiation curing.

4. A microtron accelerator of 15 MeV in the Hanoi Institute of Physics is able to
serve for some limited research with high dose rate (one or two orders higher than one at
cobalt facility).

5. Some therapeutic cobalt sources in hospitals are available to limited low dose
research.



RELATED IAEA TECHNICAL COOPERATION PROJECTS

For the period 1992-1996 there are three IAEA TC Projects related to radiation
technology in Vietnam:

1. VIE/8/004 "Food Irradiation" was completed in 1992, however the supplied
irradiation facility is serving as the most important tool for R-D for last 5 years.

2. VIE/8/010 "Radiation sterilization of health care products" is implementing for
1995-1998 with the goal to establish a sterilization center in Ho Chi Minh City-the
biggest industrial area of Vietnam. An expert mission came in September 1995 for
technical advice and coordination of the schedule. Then, in 1996 in the frame of the
Project, laboratory equipment delivered already. The radiation source.(100 kCi) will be
supplied after construction of the building, which locates 20 km Northern the City in
Thuduc district. Recently, an IAEA expert (Dr. G.P. Jacobs) gave lecture on radiation
sterilization in a national seminar, held in Ho Chi Minh City, 15-24 October 1996, for 15
participants, among which 8 persons came from NNRI and 7 other ones from medical
commercial and industrial companies.

Besides the IAEA assistance, the Government is financing for building. The
formality for siting has just completed. On the other hand, the Ministry of Science,
Technology and Environment planed to provide with an additional financial support for
supply of additional radiation source (200 kCi) and equipment to upgrade the Center into
an industrial project for sterilization of medical products.

It is foreseen, that construction of the Center's building will be completed at the
end of 1997 and the radiation facility will be installed in 1998.

3. VIE/7/004 "Tissue banking of radiation sterilized graft for safe clinical use" is
implementing in 1995-1996. All equipment's have been received. The space for the bank
building has established in the National Bum Institute in Hadong City (7 km from
Hanoi). Practically, the National Tissue Bank, responsible for production of tissue graft
has been established.

This Project will encourage radiation sterilization technology of medical
products, which has been demonstrated in the Hanoi Irradiation Center since 1992.

UNDP/RCA/IAEA PROJECT

For the current year 1996, the following activities have been carried out in the
frame of the UNDP/RCA/IAEA/92/073:

1. Output 1.6 on the item 1.6.4: one person attended Ihc Regional training course
(RTC) on Application of electron beam technology to flue gases. Takasaki, Japan, from 5
lo 9 February 1996.

2. Output 1.7 on the item 1.7.1: t J m persons attended the RTC on Radiation
Curing. Takasaki, Japan, from 18 to 22 November 1996.

3. Output 2.1:
-hem 2.1.3: two persons attended the RTC on Industrial sterilization regulations,

standards and enforcement. Malaysia, from 15 to 19 January 1996.



-Item 2.1.4: one person attended the RTC on Process and quality control in
radiation processing. Takasaki, Japan, from 26 to 30 August 1996.

-In concerning to the item 2.1.6: An expert under the above-mentioned IAEA TC
Project VIE/4/010 gave lectures and 15 persons attended the National seminar on
Radiation sterilization for promotion of the ISO-11137, held in Ho Chi Minh City, from
15 to 24 October 1996.

4. Output 2.3 on the item 2.3,1: One person is attending the Regional workshop
(RW) on Regulation and inspection of operation of radiation facilities. Indonesia, from 9
to 13 December 1996.

The Table 1 summarizes number of Vietnamese participants in the regional
events, concerning to the outputs of the RCA Project.

Table 1. Attendance of the regional events, concerning to Project's outputs
(number of Vietnamese participants)

Output
1.6
1.7
2.1
2.3

Total

1993
—

4

—
4

1994
.1. :.
2 .-

. 3 -
——.

6 ."

1995
2

. 3
—
1
6

1996
1

? -

1
12

Total
4 "

%6. .
6
2

28

Those activities are very helpful to train people and to encourage application of
new technology. One may emphasize obviously positive impact of the Outputs 2.1 and
2.3 on the national activities of Vietnam, which reflexes the urgent need to transfer the
radiation sterilization technology to the national industry. The same time, development of
the radiation technology on early stage requires more attention taken on regulations for
safe operation of radiation facilities and high quality of processing. Those activities has
been harmonized well with the implementing the TC Project VIE/8/010 for setting up a
new radiation sterilization center.

The national achievement of the Output 1.6 concerning the environment is still
modest, because it is an new advanced technology for developing countries. However, it
encourages people to take more attention on the role of radiation technology in the
environmental conservation aspect.

The R-D works for transfer of RVNRL and other technologies, such as radiation
modification of polymers, are going on and have some progress. A national seminar on
RVNRI, was held in Ho Chi Minh City in 1993 lo promote technology transfer to
national industry (iwo IABA experts gave lectures and about 40 participants attended).
Output 1.7 would get more effective, as the national industry in Vietnam began to
interest in the advanced radiation modification of polymers, such as surface coating,
polymer cross linking. However, there was no success to realize the item 1.7.4, according
lo which Vietnam has asked two IAEA experts for a national seminar planned in 1996 on
cross linking o\' polymer and radiation curing. We do hope to maintain ihis topics in the
New regional projects.

The Table 2 shows the national activity in the frame of the RCA Project.



Table 2. The national seminar and activity concerning to the RCA Project

Year
Output &
Content

Experts

4 ""f 1̂

Participants

1992
1.7.41

Sc. visit for
collaboration
research onto

RVNRL
2 Vietnamese

experts to
BATAN

1993
1.7, 4o

NSon
RVNRL

2 IAEA
experts-
lecturers

40

1994
2.1,6

NSon
Rad.Ster. of

Medical
Products
2 IAEA
experts-
lecturers

50

1995
—

—

—

1996
1.7(planned)

NSon
Rad.Curing

& Cross-
linking

—

—

In totality for the Regional Project's implementing period 1993-1996 the regional
activities were realized with Vietnamese participants are summarized in the Table 3.

Table 3. The annual participation of Vietnamese's in regional events
(number of Vietnamese participants)

Activity
RTC
RW
RS/EA6M

NCM
Int. Sy*po$.

Total

1993
—

->

-r
1
—

4 .

1994

2
2

1
1

—

6

1995
4
1

1
—

e

1996

?
1

i
1

2
12

Total
1 3 - •
7

2
4

2

28

RESEARCH AND DEVELOPMENT

In Vietnam during the last period, the most significant financial resources were
coming from the National Program KC-09 "Nuclear techniques for peaceful use", which
included the Sub program KC-09-04 "Application of Radiation Technology". Some
additional resources came from research contracts on ministerial or institution levels. We
have got some support from the IAEA through research contracts. Those sources went
mainly on the running cost of research activily and some limited equipment. For the
period 1993-1996 investment for \l-D of radiation technology was approximately as
follows:

-l;rom the government: approximately, 30,000 USD/years
-From other resources: 10,000 USD/years.
Among national R-D units newly established, there is the staff for the Radiation

Center, belonging to the Center of Nuclear Techniques in Ho Chi Minh City.
In 1996 the outstanding event of national R-D activities was the First National

Conference on Nuclear Physics and Techniques, held in Hanoi, 14-15 May 1996.



Radiation technology has contributed most of reports: 27 oral and poster contributions
among total 114 ones. This was the first opportunity of scientists working in the field of
radiation technology over the country to meet together after the National Seminar on
Radiation Technology held in Hanoi, 30-31 May 1990. In the Conference the R-D
achievements for the last period 1991-1995 were collected and have been published
recently (see: VAEC. The Proceedings of the lrst National Conference on Nuclear
Physics and Techniques. Scientific and Technics Publishing House. Hanoi-1996. 545
pages). In addition, since 1993 there were publications on radiation technology, most of
them in national scientific journals. A few of reports have been published in
international proceedings of IAEA sponsored symposiums and seminars: on food
irradiation, on radiation sterilization and polymeric modification. A summary of recent
R-D works carried out in Vietnam has reported in the RadTech Asia '95 Symposium and
Workshop (see: Vo Van Thuan. The Proceedings of the 5th International Conference on
Radiation Curing. Bangkok, Thailand, December 14-16,1995. pp.71-78).

As results of the R-D activities, some national standards have been achieved as
follows:

-Sterility of catgut, tissue-graft satisfying the national standards;
-National standards on bioburden of some traditional Pharmaceuticals achieved

due lo radiation mold control.

PUBLIC AWARENESS AND TECHNICAL INFORMATION

Main activities in this aspect are the following:
-Above-mentioned National seminar on RVNRL in 1993, HCMC, focused on the

rubber manufacturers;
-National seminar on Radiation sterilization of medical products, Hanoi and

HCMC. June 1994, focused on the officers of the Ministry of Health and manufacturers
of medical industry;

-Every year there were several inter-institution seminars on selective topics of
radiation technology, such as food irradiation, sterilization of medical products and bio-
materials, insect and mold control for pharmaceutical herbs or raw material of the light
industry, polymeric modification for electric power cable and heat-shrinkable material.

-Every year there were several TV shows on development of radiation
technology. Newspapers and other press medium were also involved into public
awareness of radiation technology and its .safety.

UiCJISLATION AND REGULATIONS

Recently the Standing Committee of the Vietnam National Assembly has
approved the National Ordinance on Radiation Safely and Control, which will come into
force from Irst January 1997. This document will play an important role in development
and application of nuclear techniques and radiation technology in Vietnam. Particularly,



it creates favorable conditions for implementing the above-mentioned TC Project
VIE/8/010. Under law regulations are being detailed for its implementing.

IMMEDIATE BENEFICIARIES AND END USERS

Beneficiaries and end users of the achievement of the national R-D activities,
regional cooperation and the IAEA technical assistance are the following:

-Those above mentioned 3 NNRI.
-Hospitals: 30 units.
-Other institutes: more than 10, including biological, medical, agricultural,

polymeric material etc.
-Industrial companies: approximately 10 (and should be getting increased)

including pharmaceutical and medical industry, polymeric and rubber industry.

TECHNOLOGY TRANSFER AND INDUSTRIAL OPPORTUNITY

During 1993-1996 the Hanoi Irradiation center spent approximately 1,500
hours/year for practical application, including:

-Sterilization of surgery gloves, tissue graft, catgut, bottles for vaccine;
-Sterilization of peat-based carrier for nitrogen fixation inoculum;
-Mold control for medicinal herb;
-Mold and insect control for tobacco leaves etc.
Particularly, in the current year 1996, operation timefeifched 2,800 hours and main

irradiated products were as follows:
-Medical gloves: 60 m3;
-Catgut: 60.000 units;
-Vaccine tubes: 10 m3;
-Traditional pharmaceuticals: 85 m3;
-Rice: 7 ton, etc.
The processing cost is proved reasonable for customers. The radiation processing

helps to achieve sterilization and hygiene standards in industrial scale of the above-
mentioned products.

Radiation sterilization contributes to encourage the production of disposable
medical products, that play important role in control AIDS. At least three industrial
projects lor producing single used syringes and other medical products have been
approved and are now under construction (two in Hanoi and another one in Longan).

Other application of sterilization concerns to the micro biological technology.
*4iith is getting more commonly in Vietnam.

In coming years, two irradiation centers in Hanoi and in Ho Chi Minh City will
have good opportunity to maintain sterilization service in industrial scale.

Two tissue banks are now already in routine service: one in Ho Chi Minh City
and another in Hanoi, under support of the IAEA TC Project VIE/7/004, which provide



30 hospitals with properly radiation sterile tissue grafts for health care, including

biomembrane and human bone.
Radiation curing and cross linking of polymers will have a large application in

Vietnam. It concerns to: plywood manufacture, printing, hard package, heat resistance
and heat shrinkable package and, certainly, cross linking cable.

SIGNIFICANCE OF RCA PROJECT AND NEED OF ITS RENEWAL

R-D activity in Vietnam on radiation technology realized for 1991-1995 has been
completed successfully. A new period of industrial development of radiation technology
is coming up for which the radiation sterilization is to be emphasized. New advanced
application of radiation processing, such as modification of polymers and environmental
conservation application, should be the objectives of the next National R-D Program.

One may conclude that the national R-D institutes (NNRI and related ones) and
the industry gain lots of benefit from the Regional Cooperation Project, it is:

-Upgrading the personnel skills and knowledge in radiation technology;
-Providing up-to-date information on radiation technology;
-Promoting the government to develop some perspective branches of radiation

technology such as radiation sterilization of medical and bio-technological products.
The Project has succeeded to promote the regional network. At least we are

provided with very precious information of the technology and R-D works carried out in
the region We have good opportunity to inform other counterparts of current R-D
activities in Vietnam and to exchange each other experiences. The regional network is
working but the direct contact with the Agency is also appreciate.

In future for the sustainable impact of the Project, after it's termination, the
reoional network will particularly make a certain self-reliance for the activity in R-D ot
radiation technology. However, contact with experts and organizations out off the region
should be very important too.

Positive assessment of the role of the regional cooperation leads us a need to
renewal with upgrading a similar form of regional projects in the next phase 1997-1999.
We support the proposal to set up new projects and express our wish to take part in their
implementing. Our preliminary detailed requests will conclude in the final documents ot
this 4ih National Coordinators' Meeting. Particularly, we consider to submit two requests
for participation in the research coordinated Program, following the sub project No.l and
No 2 of the Project "Radiation processing of polymers".

Takin" "the opportunity I express our high consideration to the cooperation ot
national coordinators during the completed period. We particularly, appreciate very much
ihc precious contribution of the TRCRE-JAERI.

NEXT PAQE(S)
toft BLANK



RADIATION TECHNOLOGY APPLICATIONS

SUCCESS CRITERIA
OUTPUT 1: establishment of an indigenous capacity to sustain and develop the technology
OUTPUT 2: adoption of the recommendations by the responsible Government Agency

ASSESSMENT
a: early stage, b: on-going, c: final stage
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ACTIVITY
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RADIATION TECHNOLOGY APPLICATIONS

STAGE OF DEVELOPMENT
a: No activity, a': Commercialized but no research activity in NNRI
b: Research in laboratory
c: Small scale services or Pilot scale
d: Commercial use

ACTIVITY
Flue Gases

Liquid Wastes

RVNRL

Curing

Bio-Application

Crosslinking

Sterilization

BGD
a

b

c

c

b

a

d

PRC
c

b

c

d

d

d

d

IND
b

d

d

b

b

c

d

INS
b

b

d

c

c

c

d

ROK
c

b

a

d

b

d

d

MAL
b

a

d

c

b

d

d

MYA
a

a

a

a

a

a

a

MON
a

a

a

a

a

a

b

PAK
b

b

a

b

a

c

d

PHI
a

a

c

b

b

a

c

SIN SRL
a

a

c
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a

a

d

TAI
a

b

c

c

b

a'

d

VIE
a

b

c

b

b

b
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Annex 24

Industrial Electron Accelerator in RCA Member Countries
(including for R&D)

Country
Australia

Bangladesh

China, People's Rep

India

Indonesia

Japan

Korea, Republic of

Malaysia

Mongolia

Myanmar

Pakistan

Philippines

Singapore

Sri Lanka

Thailand

Viet Nam, Soc. Rep.

Number of Accelerator
4

0

>40

3

2

>320

17

2

0

0

0

0

1

0

1

0

NEXT PAQE(S)
toft BLANK



Annex 25

y-ray Irradiation Facility in RCA Member Countries

Country
Australia

Bangladesh

China, People's Rep

India

Indonesia

Japan

Malaysia

Mongolia

Myanmar

Pakistan

Philippines

Republic of Korea

Singapore

Sri Lanka

Thailand

Viet Nam, Soc. Rep.

Number of Unit
R&D

1

1

75 (< 300 kCi)

5

3

20

2

0

1

3

1

1

2

1

1

Industry
2

1

45 (> 300 kCi)

6

2

9

4

0

0

1

0

1

1

1

2

1

NEXT PAOEI8I
toft BLANK



Annex 26

Work Plan Proposal for 1997 - 1998
(Upgrading of Cellulosic Agro-wastes to Useful Products)

Work Plan for 1997

1. Survey of agro-waste in the RCA Member countries:

Questionnaire prepared by Malaysia and Japan will be sent to all RCA Member

Countries in February. The purpose of this questionnaire is to collect the information

on the potential utilization of cellulosic agro-waste in the region, the infrastructure

available to cany out the project and manpower to carry out research.

2. Evaluation of survey data and selection of participated countries for the CRP by

Malaysia/Japan. Recommendation to the IAEA for invitation to the Chief Investigator

of selected RCA member countries to participate in the CRP in April 1997.

3. IAEA will send Research Contract Proposal form to the recommended RCA Member

Countries in May 1997.

4. Receive the proposals back from Member Countries through RCA office in Vienna for

TO and Japan/Malaysia evaluation in June 1997

5. Proposals go to the Contractual Scientific Services Committee for final approval in

August 1997

6. The First meeting of National Group Leader and Chief Investigator of the CRP of the

project, at MINT, Bangi, Malaysia, November 1997

(In conjunction with the Seminar on Upgrading of Oil Palm Empty Fruit Bunches)

Work Plan for 1998

1. Regional Workshop and CRP Meeting in November 1998 ( place

2. Visit of experts to the participating Member Countries



Activity and Budget for 1997 - 1998

Activity

NGL and CRP

Meeting

CRP

Expert visit

Total Budget

1997

USD 30,000

USD 30,000

USD 60,000

1998

USD 30,000

USD 30,000

USD 30,000

USD 90,000



Annex 27

PROPOSED SUB-PROJECT

for

Immediate Objective 1, Output 1.4, Cleaner industrial production

of

UNDP/RCA/IAEA PROJECT

BETTER MANAGEMENT OF THE ENVIRONMENT, NATURAL

RESOURCES AND INDUSTRIAL GROWTH THROUGH ISOTOPE AND

RADIATION TECHNOLOGY

1. Title: Applied Radiation Chemistry for Polymers

2. Participating Member States

Bangladesh, Peoples' Republic of China, India, Indonesia, Republic of

Korea, Malaysia, Myanmar, Pakistan, Philippines, Sri Lanka, Thailand and

Viet Nam are expected to participate in the project.. Some Member States

require basic and advanced knowledge on radiation chemistry of polymers.

On the other hand, certain member states require assistance to promote

industrial application of radiation technology.

3. Background

Applied radiation chemistry of polymer covers a wide range of areas

ranging from basic understanding of radiation chemistry of polymers to the

industrial applications of radiation technology or radiation processing. The

understanding and knowledge on radiation chemistry of polymers is

prerequisite for any research to be carried out in relation to radiation

processing.

In view of the benefits of radiation processing to the economic

development of states in this region, Member States should be given the

opportunity to develop their own expertise and capabilities in this field. This

sub-project is aimed to provide the venue for Member States to acquire expert



assistance from more advanced states in the region and to organize national

activities in related field in their own states. Several Member States have

benefited from such kind of activities in the past under RAS/92/073.

4. Objective

To disseminate information on basic & advanced application of radiation

chemistry of polymers among RCA member states.

5. Problem to be addressed

In some states in the region, the level of knowledge and know-how in

radiation chemistry of polymers are limited. Meanwhile to some other states,

further efforts are required to promote the use of radiation technology in

industry. Therefore, these counties should be assisted to enable them to

harness the benefits of radiation technology for their economic development.

6. Expected results

It is expected that more personnel will be trained in less advanced states in

radiation chemistry of polymers and more personnel from industry to be

trained on industrial application of radiation technology in other Member

States.

7. Success Criteria

Establishment of regional and national capability in applied radiation

chemistry through training and promoting activities on industrial application

of radiation technology in RCA member states.

8. Target beneficiaries

Man power development at the National Nuclear Institutes, industry, and

related research institutes in RCA Member States.

112



9. Financial requirement (US$)

9.1 Input from IAEA

1997: $ 24,000

1998: $ 24,000

9.2 Input from RCA Member States

None

10. Implementation plan (activities)

Training of scientific staff of national research institutes in relevant

radiation technology such as radiation induced crosslinking, curing, graft

polymerization and degradation by expert mission and fellowship.

1997: 2 or 3 experts, 3 Fellowship

1998: 2 or 3 experts, 3 Fellowship

10. 1 Fields to be covered:

i. Radiation chemistry of polymers

ii. Advanced application of radiation chemistry of polymers

iii. Radiation curing of surface coating

iv. Radiation crosslinking of wire and heat shrinkable tubes

10. 2 Several states in the region can provide training facilities for

individual training as well as expert services,

i. Takasaki Radiation Chemistry Research Establishment (Japan)

ii. Malaysian Institute for Nuclear Technology Research (Malaysia)

iii. Bhabha Atomic Research Center (India)

iv. National Atomic Energy Agency (Indonesia)

v. Changchun Institute of Applied (China)

11. Activities and Budget (US$)

11.1 Income



Fund

JPN Fund*

TC Fund

Total

1997

30,000

24,000

54,000

1998

30,000

24,000

54,000

* Subjected to approval of Japanese Government.

11.2 Expense

Expense

Expert services

Fellowship

Total

1997

30,000

24,000

54,000

1998

30,000

24,000

54,000

12. Management

Member State will be given the opportunity to request expert assistants

from the IAEA under the Project for national activities such as National

Training Courses or National Seminar. Japan will act as the "mother

organization" to oversee the requirements of the Member States and to advice

on the recruitment of experts from the region for such activities.



Annex 28

PROPOSED SUB-PROJECT I

for

RCA PROJECT

1. Title: Radiation Processing of Indigenous Natural Polymers

2. Participating Member States

Bangladesh, Peoples' Republic of China, India, Indonesia, Republic of

Korea, Malaysia, Myanmar, Pakistan, Philippines, Sri Lanka, Thailand and

Viet Nam are expected to participate in the project. These Member States

have participated actively in the previous IAEA/UNDP/RCA Project and they

have ongoing research programs in related areas.

3. Background

The technique of modification of polymers by radiation grafting,

crosslinking or degradation has been successfully employed to produce

improved polymers such as PE, PTFE, PVA etc. However, such modified

polymers are mainly based on synthetic polymers. Member States, on the

other hand, are rich in natural polymers that are not exploited to their high

potential either in biomaterials or engineering materials. Natural polymers

such as chitin, starch, or cellulose, with suitable modification by radiation

could be employed in biomedical applications. Furthermore, wood, paper-

pulp, silk and natural rubber can be upgraded by radiation to yield better

quality rayon, silk and composites, respectively. Upgrading natural polymers

will be of special interest to Member States to develop cheaper substitute for

advanced synthetic materials.

4. Objectives

To modify indigenous natural polymers for biomedical and industrial

applications by using irradiation techniques.



5. Problems to be addressed

Modification and upgrading of natural polymers by irradiation technique

to give value added materials and to diversify their better utilization.

6. Expected Results

The program will lead to the development of:

- Control delivery systems for drugs

- Hydrogels for wound dressing

- Hydrogels for water conservation and soil conditioning

- New engineering materials

- Biodegradable plastics

- Advanced pulp manufacturing

7. Target Beneficiary

- Pharmaceutical industry,

- Agriculture

- Fibers and textile industry

- Engineering and plastics industry

8. Financial Requirement (US$)

8.1 Input request from the IAEA

1997: $ 105,000

1998: $ 105,000

8.2 Input request from RCA Member States

1997: $ 5,000 to host CRP meetings (in kind, India)

1998: $ 5,000 to host CRP meetings (in kind, Malaysia)

9. Input/Collaboration with other institutes

Participating Member States should organize the National Research Group



(NRG) consisting of a nuclear research institute, polymer research

organization and polymer producing companies.

10. Implementation plan

10-1 Coordinated Research Program

a) Basic studies for natural polymer modification by radiation

b) Application development

c) Standardization and harmonization procedures

11. Time Schedule

CRP Meeting
CRP: Basic studies
CRP: Application
CRP: Standardization

1997 1998

>

1999

>

2000 2001
>

>

12. Activities in 1997 and 1998

1997

1) CRP: Radiation Processing of Indigenous Natural Polymers

2) CRP Meeting "Review of Current activities and program for 1997"

5 days, Board of Radiation and Isotope Technology, Mumbai, India.

Date will be decided later.

1998

1) CRP: Radiation Processing of Indigenous Natural Polymers

2) CRP Meeting "Report of activities in 1997 and program for 1998"

5 days, Malaysian Institute of Nuclear technology Research, Bangi,

Malaysia. Date will be decided later.

13. Budget (US$)

13.1 Income

I I 1997 | 1998 1



JPN Fund*
TC Fund
Total

75,00C
30,00C

105,000

75,00(
30,00(

105,000
* Subjected to approval of Japanese government.

13.2 Expense

Contract Research
CRP meeting
Expert Service
Total

1997
55,000*
30,000
20,000*
105,000

1998
55,000*
30,000
20,000*
105,000

* JPN Fund, subject to approval of Japanese government

14. Management

The leader of the NRG will preferably be from the nuclear research

institute and actively participate in the CRP program. The leader will be

responsible for further transfer of the technology in the state. The CRP

meeting will be organized by the IAEA. TRCRE JAERI will act as the

"mother organization". Efforts will be made to establish Satellite system

consisting of selected national and regional organizations engaging research

work in radiation processing and natural polymers.



Annex 29

PROPOSED SUB-PROJECT II

for

RCA PROJECT

1. Title: Research and Development of RVNRL

2. Participating Member States

Bangladesh, Peoples' Republic of China, India, Indonesia, Republic of

Korea, Malaysia, Myanmar, Philippines, Sri Lanka, Thailand and Viet Nam

are expected to participate in the project. These Member States have been

participating actively in the IAEAAJNDP/RCA Project and NR latex industry

in these Member States is very keen to establish the RVNRL. They have

adequate irradiation facilities and researchers to work in this field.

Participation of these Member States will accelerate the development of the

technology.

3. Background

Intense R&D on the RVNRL under the previous IAEA/UNDP/RCA

project led to the significant progress in the cost reduction and quality

improvement of the RVNRL. The successful commissioning of pilot plants in

Indonesia, India and Malaysia has proved that the RVNRL technology is

recognized as an emerging radiation processing in the world. However, the

technology has not yet applied in industry in large scale. This is due to the

presence of several problems. Further promotion of the technology into the

main field of latex industry seems to be difficult without solving the problems.

These problems are mainly related to the inferior physical properties of

radiation vulcanizates to sulfur vulcanizates and high initial investment. The

physical properties of radiation vulcanizates, such as the tensile strength and

tear resistance should be improved to meet international standards. Protein

allergy is the serious issue in the NR latex industry. There is an indication that



RVNRL can solve the issue. Additional research on RVNRL will give

satisfaction to the NR latex industry for the production of protein free latex

products. Higher investment than sulfur vulcanization process is preventing

wide acceptance the technology of RVNRL in the region.

4. Objectives

1) To improve the physical properties of RVNRL

2) To standardize procedures for industrial production of RVNRL

5. Problems to be addressed

1) Further improvement on physical properties of RVNRL suitable for

industrial applications.

2) Design of new low cost irradiation facilities for RVNRL.

6. Expected results:

The standard procedure for RVNRL will be established and the physical

properties of RVNRL be improved to meet the industrial standard. A basic

design of a low cost irradiation facilities will be developed

7. Target Beneficiaries

There is a big demand for clean and safe NR latex products in Europe and

North America. This is due to the fear of protein allergy. Rubber gloves and

other latex products free from proteins are needed in these Member States. In

addition, N-nitrosoamine free and low cytotoxic products are required in the

market. Thus the industrial application of RVNRL will give great benefit to

the participating Member States through export of latex products from

RVNRL.

8. Financial Requirement (US$)

8.1 Input request from the IAEA



1997:$ 110,000

1998:$ 110,000

8.2 Input request from RCA Member States

1997: $ 20,000 to host CRP meetings and RTC (in kind, Indonesia)

1998: $ 5,000 to host CRP meetings (in kind, India)

9. Input/collaboration with other institutions

Participating state should organize the National Research Group (NRG)

consisting of a nuclear research institute, a rubber research organization, NR

latex producers and NR latex dipped products manufacturers.

10. Implementation Plan

10-1 Coordinated Research Program

a) Improvement of tensile strength

b) Improvement of tear resistance

c) Removal of proteins

10-2 Scale up test for evaluation

10-3 Design, installation and operation of low cost irradiation system

10-4 Technology transfer to the Member States by RTC and REMS

11. Time Schedule

CRP Meeting
RTC/NEMS
CRP: Tensile strength
CRP: Tear resistance
CRP: Removal of proteins
Scale up test
Low cost irradiator

1997

RTC

1998

>

1999

REMS
>

>

2000

>

2001

REMS

>

12. Activities in 1997 and 1998

1997



1) CRP: Research and Development of RVNRL

2) CRP Meeting "Review of Current activities and program for 1997"

5 days, July, BAT AN PAIR, Indonesia (to be coincided with RTC)

3) RTC "Test and evaluation of RVNRL"

5 days, 21-25 July, BATAN PAIR, Indonesia

1998

1) CRP Meeting "Report of activities in 1997 and program for 1998"

3 days, Rubber Board, Kottayam, India. Date will be decided later

2) CRP: Research and Development of RVNRL

13. Budget (US$)

13.1 Income

JPN Fund*
TCFund
Total

1997
80,00C
30,00C

110,00C

1998
80,00C
30,00C

110,00(
*Subject to approval of Japanese Government

13.2 Expense

CRP
CRP Meeting
RTC
Expert Service
Total

1997
40,000*
30,000

30,000*
10,000*
110,000

1998
40,000*
30,000

40,000*
110,000

* JPN Fund, subject to approval of Japanese government

14. Management

The leader of the NRG will preferably be from the nuclear research

institute and actively participate in the CRP program. The leader will be

responsible for further transfer of the technology in the state. The leader shall

ensure proper nomination of candidates to participate in regional events. The

CRP meeting will be organized by the IAEA. TRCRE JAERI will act as the

"mother organization". Efforts will be made to establish Satellite system



consisting of selected national and regional resource organizations engaging in

RVNRL research.

left BLANK



Annex 30

Prospectus

Tittle: RCA Regional Training Course on Quality Control of

RVNRL

21-25 July 1995

Center for Application of Isotopes and Radiation, BATAN,

Jakarta, Indonesia

Organizers: The Government of Indonesia, through the Center for

Application of Isotopes and radiation, BATAN, in

cooperation with the International Atomic Energy Agency

Language:

Purpose of the course:

English

The main purpose of the course is to discuss and review

standard practices of RVNRL in RCA Member States.

Further purpose of the course are

- to provide information about the current practices, test

procedures, regulations, concerning quality and process

control of RVNRL

- to discuss modality and possible mechanism for

technology transfer of RVNRL in the region

- to discuss and prepare program for technology transfer of

RVNRL in each Member States

Participants qualifications: Candidates should have a university degree in science,

chemistry or physics. They should be a member of

national research group of RVNRL of the RCA Member

States.

Nature of
the course:

The course will consist of lectures by invited experts,

experiments and discussion.

The topics of the course will include:



- General Introduction to RVNRL

- Quality control in Pilot Plants in Indonesia, India and

Malaysia

- Quality Control of RVNRL-1: NR Latex and Sensitizer

- Quality Control of RVNRL-2: Irradiation

- Quality Control of RVNRL-3: Physical Properties

- Quality Control of RVNRL-4: Aging Properties

- Quality Control of RVNRL-5: Biological Safety of NR

Latex Products-New Trends (Protein Allergy)

- Quality Control of RVNRL-6: Biological Safety of NR

Latex Products- Nitrosamine and Cytotoxicity

-Quality Control of RVNRL-7: QC in Condom Factory

- R&D on RVNRL

Application same as usual IAEA training course

Procedure:

Language same as usual IAEA training course

certificate:

Administrative same as usual IAEA training course

financial

arrangement:



RCA Regional Training Course on Quality Control of RVNRL

21 - 25 July 1997, PAIR, BATAN

21 (MON)
22 (TUE)
23 (WED)
24 (THU)
24(FRI)

09:30 - 10:30
Opening
Lee. 4
Lee. 6
Exp. 3
Lee. 9

11:00- 12:00
Lee. 1
Lee. 5
Lee. 7
Lee. 8

Lee. 10

13:30-14:30 15:00 - 16:00
Lee. 2

16:30 - 17:30
Lee. 3

Exp. 1
Exp. 2

Exp. 4 Exp. 5
General Discussion | Closing

Lecture 1
Lecture 2

Lecture 3
Lecture 4
Lecture 5
Lecture 6
Lecture 7

Lecture 8

Lecture 9
Lecture 10
Experiment 1
Experiment 2
Experiment 3
Experiment 4
Experiment 5

General Introduction to RVNRL
Quality control in Pilot Plants in Indonesia, India and Malaysia

Quality Control of RVNRL-1: NR Latex and Sensitizer
Quality Control of RVNRL-2: Irradiation
Quality Control of RVNRL-3: Physical Properties
Quality Control of RVNRL-4: Aging Properties
Quality Control of RVNRL-5: Biological Safety of NR Latex
Products-New Trends (Protein Allergy)
Quality Control of RVNRL-6: Biological Safety of NR Latex
Products- Nitrosamine and Cytotoxicity
Quality Control of RVNRL-7: QC in Condom Factory
R&D on RVNRL
Pre-Treatment of NR Latex, Irradiation and Post-treatment
Evaluation of Physical Properties
Aging Test
Evaluation of Aging Properties
Analysis of Protein in NR latex Products

Makuuchi
Marga Utama, Thomas
Wan Manshol
Makuuchi
Wan Manshol
Thomas
Chyagrit
Nakamura

Nakamura

J. Budiyanto
Makuuchi
PAIR
PAIR
PAIR
PAIR
POM/ PAIR



LIST OF LECTURERS

Marga Utama
Head, Polymer Group, Center for Application of Isotopes and Radiation,
BATAN
JL. Cinere Pasar Jumat, P. O. Box 7002 JKSKL, Jakarta 12070,
Indonesia
Tel: 62-21-769 0709, Fax: 62-21-769 1607

J. Budiyanto
General Manager, PT Mitras Banjaran
Jl. Raya Banjar km 16 Bandung, Jawa Barat, Indonesia
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