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WELCOMING REMARKS

INTERNATIONAL NUCLEAR CONFERENCE (INC 97)
A New Era in Nuclear Science and Technology - The Challenge of the 21st Century

DR. NAHRUL KHAIR ALANG MD. RASHID
PRESIDENT, MALAYSIAN NUCLEAR SOCIETY

First of all, let me on behalf of the Malaysian Nuclear Society (MNS), record our appreciation to The
Honorable Minister of Science, Technology and the Environment of Malaysia, YB Datuk Law Hieng
Ding, who is also the patron of this Conference, for gracing the opening of our Conference this morning.
Your support, YB Datuk, goes a long way towards encouraging MNS to play a more active role towards
achieving the objectives of creating a more scientifically-literate and scientifically-inclined society.

Ladies and gentlemen,

When the MNS last year thought of having this Conference, the idea was to have a look back and a look
forward on nuclear science and technology in terms of its applications, penetration of the market place
and end-users, further progress that could be made on peaceful uses of nuclear science and technology,
and the sharing of experiences. In terms of time, in looking back, it was 25 years ago that the only
national nuclear research institute in Malaysia, MINT, was established; it was about a decade ago that a
separate nuclear regulatory body, AELB, was set up - thus completing the infrastructure for the
administration of nuclear science and technology in Malaysia; and only about 8 years ago that the
Malaysian Nuclear Society (MNS) was formed. In looking forward, we are about two months away to
the new year, and from that point it is two more years to the beginning of the next Century. Thus, we
feel that the timing for this Conference is quite appropriate.

We are also fortunate that this idea is shared by three other organisations which are now the co-
organizers of this Conference; MINT, UKM, and ANS; the latter of which MNS has a Memorandum of
Co-operation which was signed in 1995.

Since nuclear science and technology covers such a broad areas, we have segmented this Conference to
sequential sessions representing the generic areas in which this technology has important role to play.
The Organising Committee received a good response that however much we tried to accommodate every
papers for presentations, due to the limited time that we have for the Conference, some papers can only
be assigned as poster papers. I would also like to add that all papers will be published in a proceeding of
this Conference which shall be available before the end of this year.

Ladies and gentlemen,

Nuclear science and technology is one of the technologies that is known to many peoples, in the sense
that many have heard of it. It is also one of the most misunderstood technology; not so much due to
characteristics inherent to it but perhaps due to the incompleteness of the pictures of the technology that
are available to the public. One of the aims of MNS is to correct this perception so as to facilitate
acceptance of the technology, thus dispelling fears of it as well as attracting the interest of students and
graduates to pursue a career in this area. In doing so, the role of the media is important. We have been
fortunate in Malaysia, that news on nuclear related activities in the country, which mainly is associated
with MINT, receive good coverage. More of this will certainly be welcomed.



In organising this Conference we have benefited from the tireless efforts of many hardworking and
committed individuals, particularly those in the Organising Committee. We have also benefited from the
sponsorships of several agencies, either in-kind or financial in nature. These include the Ministry of
Science, Technology and the Environment itself, the co-organizers, and companies who have contributed
in one way or another to make this Conference a success. To all of them I say thank you and we look
forward to your continuing and increasing support.

As a concluding remark, I look forward to our next two days of being together and at the same time I
wish everyone a successful Conference.

Thank you for your kind attention.
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WELCOMING ADDRESS

INTERNATIONAL NUCLEAR CONFERENCE INC '97
A New Era in Nuclear Science and Technology - The Challenge of the 21st Century

DR. AHMAD SOBRIHAJIHASHIM
DIRECTOR GENERAL

MALAYSIAN INSTITUTE FOR NUCLEAR TECHNOLOGY RESEARCH (MINT)

On behalf of the Malaysian Institute for Nuclear Technology Research (MINT), I take this opportunity to
express my sincere gratitude to Y.B. Datuk Law Hieng Ding, Minister of Science, Technology and the
Environment, Malaysia, for the pleasure of having the Honorable Minister to officiate the International
Nuclear Conference, INC 97.

I also would like to convey my gratefulness to the Malaysian Nuclear Society, for inviting MINT to be
one of the co-organizers of this auspicious Conference.

To our distinguished guests and participants, I wish to welcome all of you to this conference.

Ladies and gentlemen,

MINT is celebrating its Silver Jubilee this year and we are honored to be one of the co-organizers of INC
'97 which we consider as one of the important events in commemorating our Silver Jubilee. This
conference provides opportunities for MINT to strengthen both internal and international linkages and at
the same time, to exchange information on the development of nuclear science and technology. In
conjunction with MINT's Silver Jubilee, allow me to relate to you a brief summary on MINT; its
inception and some of its achievements and contributions to the development of nuclear science and
technology both nationally and internationally.

The establishment of MINT was first approved in 1972. During the initial 10 years, MINT'S activities
were focused on the development of its infrastructure. In 1982, Malaysia's only research reactor, located
at MINT, went critical and the Radioactive Waste Treatment Centre and Secondary Standard Dosimetry
Laboratory were given National recognition. In tandem with establishing its infrastructure, MINT'S
human resource development programme proceeds smoothly. In 1984, MINT'S Radioisotope Production
Facility became operational; and this was later followed by the commissioning of the Gamma Irradiation
Facilities and the Electron Beam Facilities in 1989 and 1991 respectively. Most recent addition to
MINT'S list of development were the establishment of the Sterifeed and RVNRL pilot plants which both
became operational in 1996.

It was only from 1983 onwards, with the coming back of trained personnel, that MINT started proper
research. The early part was mainly focused on the establishment and consolidation of research areas and
programmes. These research areas and activities were identified based primarily on the criteria set by a
programme known as the Intensification of Research in Priority Areas or IRPA in short, which is the
national R & D funding mechanism. In addition to the strong financial support by the Government, our
nuclear technology programme also receive assistance from multilateral co-operation through the
International Atomic Energy Agency (IAEA) Technical Assistance and Cooperation Programme and
bilateral co-operation with the Governments of Japan and Australia. The Regional Co-operative
Agreement (RCA), which is a regional technical cooperation program for the Asia and Pacific region
under the auspices of the IAEA, has contributed towards accelerating the implementation of MINT's
HRD programme.



Ladies and gentlemen,

MINT is recognised as the national reference in radiation protection. Its Secondary Standard Dosimetry
Laboratory is the country's only laboratory accredited by the IAEA to carry out calibration services for
radiation dosemeters. Its Co-60 irradiation facilities is ISO 9002 certified since March 1992 and has
sterilised countless commodities ranging from medical products, food items, and cosmetics. The Non-
Destructive Evaluation Group at MINT is well established and plays a leading role in the application of
NDT techniques in the country. It is a group well sought after by local industries, especially the oil and
petrochemical industry for plant quality assurance and reliability of operation. The nuclear analytical
group provides the nation with state of the art analysis techniques and is actively involved with
environmental research in the investigation and determination of pollutants in air, inland water, and the
surrounding seas. Another major contribution of MINT to the nation and the region is the setting-up of
MINT'S Tissue Bank which has directly benefited many burn patients in hospitals from within and
outside the country. It is also worth worth mentioning that a number of MTNT's personnel are currently
recognised as experts by the IAEA. These experts have been recruited several times by the IAEA in the
program of assistance to member nations. Likewise, MINT is also host to several IAEA fellows and
trainees from other developing countries.

Looking ahead I'm pretty certain that nuclear science and technology will blend with other current and
future technologies to be an important integral part of everyday living.

Ladies and gentlemen,

Finally, it is my hope that the International Nuclear Conference INC '97 will not only be a venue for
presenting, exchanging and discussing ideas and information on nuclear science and technology but will
also be for fostering friendship and partnership. With that note, I end my speech and wish everyone
success in your deliberations.

Thank you.
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WELCOMING SPEECH

INTERNATIONAL NUCLEAR CONFERENCE (INC '97)
A New Era in Nuclear Science and Technology - The Challenge of the 21st Century

YB DATUK LAW HIENG DING
MINISTER OF SCIENCE, TECHNOLOGY AND THE ENVIRONMENT

MALAYSIA

Let me start by extending my warmest welcome to everyone present at this Conference. To all overseas
participants I greet you with "Selamat Datang" to Malaysia. It is indeed a great pleasure for me to be at
the Opening Ceremony of this International Nuclear Conference, INC '97, which is jointly organised by
the Malaysian Nuclear Society, American Nuclear Society, Malaysian Institute for Nuclear Technology
Research, and Universiti Kebangsaan Malaysia. I would also like to express my appreciation to the
Organising Committee for inviting me to deliver this opening speech and to officially open this
Conference.

Ladies and gentlemen,

Globalisation and the advent of new technologies and knowledge necessitate countries to some extent to
depend on one another for progress and development. A country which is richly endowed with natural
resources may not have all the technologies needed to harness them, while technologically advanced
countries may not have all the raw input materials. At the same time, new challenges which are beyond
the capacity of any one country to address individually have emerged. These lead to a greater need for
international co-operation. In this respect, this Conference is one of the platforms and means by which
such co-operation can be achieved, and I hope participants will make use of this opportunity to learn
from and share experiences with one another. This Conference is a commendable effort in bringing
together scientists, technologists, medical doctors, academicians, industrialists, policy makers and media
from a broad spectrum of countries, ranging from the least developed to the technologically advanced, to
discuss the roles of nuclear science and technology in facing the challenges of the 21st Century.

The world population has nearly doubled over the last three decades and it will continue to increase.
Current estimate predicts that by 2020 there will be about 8 billion people living on this planet, with
almost 90% of the increase taking place in developing countries. With this scenario, I believe adequate
supply of food and energy will still be among the greatest challenges facing many countries in the future,
along with the provision of cheap and good health care, safe industrial development, and clean
environment.

We have seen that nuclear science and technology contributes successfully in meeting some of these
challenges. In food production, techniques using radiation and isotopes are used to improve crop and
animal production through soil fertilisation, plant and animal breeding, insect and pest control, and food
preservation. In energy supply, nuclear power is used to generate electricity in many countries. In fact,
seventeen percent of current world electricity demand is supplied by nuclear power. To further makes
this option attractive and bearable financially, new generations of nuclear power plants are also being
developed. These power plants are to be more environmentally friendly, economic and reliable than their
predecessors. In health and medical care, the use of radiation and isotopes for diagnostic as well as
therapeutic purposes are all too well known. Indeed, the medical sector is one of the early beneficiaries
of the development in nuclear science and technology.



In industry, many invaluable applications of radiation and radioisotopes are now well established,
particularly in advanced countries. The main areas of applications include activities in radiography, non-
destructive testing, control systems and radioactive tracers, analytical techniques and quality control,
radiation processing to enhance the properties of materials, and the production of radioactively-labelled
Pharmaceuticals. These activities have brought about considerable economic benefits and have provided
solutions to problems which could not have been or difficult to be solved by other means.

In the environmental sector, the use of isotopes and the development of analytical tools, including
radioactive tracer methods, neutron activation analysis, x-ray fluorescence and atomic absorption, have
enriched the means available to us in the investigation and detection of environmental pollutants such as
pesticides and toxic materials. Radiological impact assessment (RIA) models are used widely to ensure
environmental safety at nuclear and waste treatment facilities. In fact nuclear technology, if administered
accordingly, is environmentally friendly and its applications in areas such as agriculture, industry, and
medicine support environmental objectives.

Ladies and gentlemen,

I have deliberated to you a selection of the nuclear techniques which have contributed to easing up some
of the problems in food and energy shortage, lack of good health care, industrialisation, and clean
environment. While this technology has so much to offer, it also suffers from the Hiroshima and
Nagasaki images of more than fifty years ago - an image which is so closely associated with it and so
difficult to erase from the public's mind. The persistence of this image was assisted by the arms race
between the superpowers which has only recently ended and reinforced by the events at Three Mile
Island and Chernobyl. The issues of safety and the use of this technology in weapons production thus
occupy the public's mind. At this point let me echo the Malaysian Government's commitment to
international efforts to totally eliminate nuclear weapons. The recent establishment of the South East
Asian Nuclear Weapons Free Zone is a demonstration of that commitment and support.

On nuclear safety we should also be mindful of the fact that due to the international nature of this
technology, any undesirable incident in one particular country will affect the public's view of the
technology elsewhere. Despite the wealth of world experience in the development and applications of
nuclear science and technology the public still maintain a level of scepticism on our ability to command
of the technology. This perception will perhaps gradually change if we are more forthcoming and
forthright in informing the public of such events.

We cannot undo past events, but we should not always put the blame on history and legacy alone. Public
unawareness and misunderstanding are persisting issues which need to be continuously addressed.
Successful applications of nuclear technology depend not only on technical excellence; understanding
and acceptance both by the public and the national authorities are some of the prerequisites. A concerted
effort by the nuclear community through international co-operation and effective information networking
are required to further increase public awareness and acceptance of the technology.

I also believe that public perception is formed by the materials presented to them; materials they read,
see, and hear. The process therefore is a two-way efforts. The information provider therefore do have
some control on shaping that perception. Thus, it would serve nuclear science and technology well if the
nuclear community increase the peaceful applications component of this technology in the news report
being made available for public consumption. Towards this end, the recent advancement in information
and communication technology should be made use of. In addition, the nuclear community itself must
come much closer to the end users and enhance its vertical networking with other technology providers.
The breadth of coverage of this technology should provide an excellent platform for closer interaction
with others in different areas. I was made to understand by MINT that in the Malaysian experience,
interactions and co-operation of that nature have taken place to some degree. More and more private
sector companies are warming up to this technology and actually using it as a component in their total
activities.



Ladies and gentlemen,

The Government of Malaysia acknowledges the roles played by Non-Government Organisations (NGOs)
such as the Malaysian Nuclear Society (MNS) in promoting public awareness and acceptance of nuclear
technology. Conferences such as this one provide tremendous opportunity for information exchange and
dissemination. I was informed that participants from more than 15 countries, from developing as well as
technologically advanced nations are present at this Conference. It is my hope that all participants will
take this opportunity to exchange ideas and to map out new strategies for nuclear science and technology
to meet the challenge of the 21st Century.

With that note, I declare this International Nuclear Conference INC ' 97 officially open.



KEYNOTE
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INTERNATIONAL NUCLEAR CONFERENCE INC '97
A New Era in Nuclear Science and Technology - The Challange of the 21st Century

Raymond W. Durante
American Nuclear Society

The Honorable Datuk Law Hieng Ding, Dr. Rashid, distinguished representatives from Japan and other
countries, ladies and gentlemen. I am very please to be here as a representative of the American Nuclear
Society and participate in this important conference. I bring you the best wishes of ANS President
Stanley Hatcher and the officers and members of of our Society and we thank you, the Malaysian Nuclear
Society, and MINT for inviting us to this event.

The American Nuclear Society is an international, not-for-profit, scientific, and educational society. Its
more than 13,000 members are specialist in nuclear science and technology and include scientists,
engineers, physicians, economists, policy makers, and educators. Our headquarters is in Chicago, Illinois
and we have more than 50 local sections and student branches in the U.S. and 9 international sections.
For more than 40 years we have supported the application of nuclear science and technology for the
generation of electric power as well as for medical treatment and diagnosis, food irradiation, industrial
measurements, and a myriad of other application. The United States is recognized as one of the leaders
in developing this technology and through ANS, we have openly shared our experiences and successes
with countries all over the world. It is an honor and a pleasure to be co-sponsor of this conference with
the Malaysian Nuclear Society and the Institute for Nuclear Technology Research.

It is particularly fitting this conference has the dual title: New Era in Science and Technology: The
Challenge of the 21st Century. Indeed it is in this part of the world that nuclear technology is making the
most rapid and effective progress and will dramatically contribute to a new era of social progress and
increased standards of living. Nuclear technology can offer the world limitless amounts of clean,
economical, environmentally-benign electricity. It can also offer methods for medical diagnoses and
treatments to save lives; provide a way to preserve our food supply and prevent foodborne diseases;
provide accurate industrial measurements, leak detectors , and corrosion measurements; and literally
hundreds of other applications. The challenge is to use this technology wisely and make sure the public
understands that, while there are problems and difficulties commensurate with this technology (as there
would be with any other technology), these problems can be solved and enormous benefits to humanity
accrue when they are solved. It is worth the effort and one must have the courage and wisdom to
proceed.

After a rapid start, the United States has experienced a serious downturn in the construction of nuclear
power plants. The reasons for this have been extensively reviewed by economists and scientists
throughout the world and I will not go into that subject at this time. There is now a perception among
many people that nuclear technology in general has been a failure and should be phased out. Quick
judgements are made by the media and the public who exploit the negative aspects. When the media
reports on other technologies, the lead sentences convey hope and promise, but with nuclear technology,
it is usually fear and concern. The fact that a nuclear power plant has operated successfully for more than
25 years in over-shadowed by disagreement on where to store its waste. The remarkable success of
nuclear medicine is lost in the argument as to how to dispose of the carton an isotope was packaged in.
Efforts to encourage the use of ionizing radiation to protect our food supply have been stymied because
of lack of public understanding and government support. This is the challenge that must be faced by
those countries entering the era of new technology. It is also an opportunity to avoid mistakes made in
the United States and Europe in the implementation of nuclear technology applications. It is an
opportunity for countries needed before embarking on major activities. Never underestimate the need
for advance explanations. It is easier for the public to understand what this technology is all about at the
beginning rather than after a major program has begun.



Although there are no new orders for plants, the nuclear electric power program in the United States was
certainly not a failure. We have 109 operating nuclear power plants, representing about 23 percent of the
Nation's electricity production. This incidently is almost exactly equal to the amount of electricity
produced by oil-fired plants prior to 1960. So even if we can only point to the fact that we have
displaced oilo in the generation of electricity, that alone is a success. Our nuclear power plants are
among the safest in the world. There has been only one major accident in the United States and that
caused no loss of life or private property. The plants operating today are continuously improving in
efficiency and reliability and perhaps more importantly, making a significant contribution to reducing
CCL released into the atmosphere. This is extremely important since later this year representatives from

most of the industrialized nations will meet in Japan to discuss global warming. Some have suggested we
reduce our energy consumption to halt the introduction of CO» . All studies done by responsible bodies

worldwide indicate the world of the future will need every available energy source to meet burgeoning
energy demands caused by population growth and sociental progress. The United States has a number of
options from which to choose and at present there is an ample supply of natural gas to provide fuel for
electric power generation. This is not true in other parts of the world and will not always be true in the
United States. ANS believes it is important to maintain nuclear power as an option for electric power
generation and preserve nuclear technology and its many applications.

In the absence of a major nuclear power program in the United States, ANS is concentrating on many of
its applications. It is very clear nuclear technology, in addition to its very important humanitarian
benefits, also contributes significantly to the U.S. economy. In 1992 radioactive materials in the United
States were responsible for almost $300 billion in total industry sales, 3.7 million jobs, and $11 billion in
corporate profits -- not counting the billions in tax revenues to state and local governments. An analysis
made by the Nuclear Energy Institute in Washington, DC has shown that the use of radioactive materials
in industry are increasing almost exponentially and contributing to public safety, increased productivity,
and social welfare. Some examples of industrial uses are: detecting pipe leaks, determining corrosion
wear, precise measuring, thickness gauges, density gauges, smoke detection, runway and exit markers,
and rubber and plastics manufacture. In the medical field the use of radioactive materials to save lives in
commonplace and 15 million nuclear medicine procedures are done annually. Diagnosing illness and
disease with radioactive tracers not only eliminates most surgery, but reduces medical costs and hospital
stays. Medical and surgical products are irradiated to insure absolute sterility, including such items as in-
vitro transfer capsules. In agriculture, radioactive materials can be used to reduce the need for chemicals
for weed control, speed the cross-breeding of improved crops, and help develop optimum watering paths.
Insect and pesticide control by irradiation is far less damaging to the environment than using chemicals.
In fact, the use of radioactive materials in pollution abatement and environmental research is increasing
rapidly. They are also used in animal husbandry to improve body weight and reproductive cycles. An
area, which I am particularly interested in, is food irradiation. This technology not only can increase the
world's food supply by preventing spoilage, but will also help ensure the safety of our food and reduce
foodborne illness and death. Later in this conference I will present a paper on the status of food
irradiation in the U.S., but it is sufficient to say at this point that is an extremely important application of
nuclear technology, and one whose time has come.

Despite this, we face a dual problem in the U.S. that will need the cooperation and help from the rest of
the world to solve. The demise of nuclear power has led to a seroius reduction in federal funding for
nuclear education. Many universities and higher learning institutions no longer offer nuclear courses as
part of their curricula and research in this field is no longer funded. Large corporations that once
supported employee education in the nuclear field, no longer can afford such activities. Where the U.S,
traditionally led in the advancement of nuclear science, we may now have to rely on the rest of the
world. At a recent meeting in Washington, DC, the Honarable Koji Omi, ranking member of the
Commerce Committee of Japan's National Diet, gave a presentation of his country's future plans for the
development of science and technology. He indicated that because so many of Japan's population are
living longer and leaving the productive work force, technical innovations will be the only way to support
continued high living standards. He stated that Japan is unequivocally dedicated to using nuclear
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technology and they are beginning to increase research and development in that area. Other countries,
especially those of the Pacific Rim, are reaching the same conclusion that efforts to utilize the power of
the atom are entirely worthwhile and will bear fruit for many years in the future. This is good news, for
it will require worldwide effort to being this technology to it's fullest potential.

We in the United States will continue to work on advancing nuclear technology through research an
development, and we will observe with great interest progress in nuclear power throughout the world.
We are very much occupied with the important task of cleaning up the various sites and facilities used for
weapons production in the 1940s and 50s. We are working diligently in the construction of permanent
spent fuel storage facilities and associated transportation and handling facilities. We are also
investigating ways and mean of converting plutonium to commercial reactor fuel. These are all
necessary and important tasks, but in order to provide enough energy to meet the needs of an ever
increasing world population, nuclear power must remain a viable option.

In conclusion, my compliments on this excellent conference and I wish you success in your endeavors to
meet the challenges of the 21st century. Thank you!

11
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Radiation Processing Technology in the 21st Century

Miyuki Hagiwara
Takasaki Radiation Chemistry Research Establishment (TRCRE),

Japan Atomic Energy Research Institute (JAERI),
1233 Watanuki-machi, Takasaki, Gunma, 370-12 Japan

Introduction

Ionizing radiation was discovered by Roentgen in his discovery of X-
rays in 1895, and its centennial anniversary was celebrated in many places
in the year before last. Studies on chemical and biological effects of the
radiation have been conducted since that time. The use of electron beams
from the accelerators and gamma-rays from Co-60 produced by the
nuclear reactors in the industrial processing started in between late 1950's
and early 1960's and expanded world wide. Now, including the
processing of various polymers, food irradiation, radioisotope production
and so force, the radiation processing technology contributes greatly to
industry, agriculture and medicine.

The radiation processing technology has made a great progress
during the past 50 years. The progress in the next 21st century will also
be great. The title of my today's talk is "Radiation Processing Technology
in the 21st Century". This is too wide for me to cover all the progress
which will happen in coming 100 years. The radiation processing
technology is growing and will continue to grow to meet various
requirements which will appear in future. At the Takasaki Radiation
Chemistry Research Establishment(TRCRE), we are making an effort to
give answers to anticipated future problems using the radiation processing
technology. I would like to talk about some prospects for the future of the
radiation processing technology with introducing current activities at the
TRCRE to you.

Radiation Processing Technology Using
Electron Beams and Gamma Rays
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Towards the 21st century, we are required more and more to create
innovative technologies to solve problems about environment, energy,
natural resources, materials, health care, food and others which are the
great concern to human beings. For the radiation processing technology
to survive, it will be required to provide answers to those problems.

To fight against the environmental problems, the elimination of acid
rain causing pollutants such as SO2 and NOx from the flue gas of coal or
oil combustion boilers by the irradiation with electron beams has long
been studied in Japan. A schematic diagram of the process is shown in
Fig.l. Under the irradiation with electron beams in the presence of
ammonia, SO2 and NOx in the flue gas are converted into sulfuric and
nitric acid respectively, and solidified in a form of ammonium salts which
can be used as fertilizer.

An economical assessment of the process for a coal-burning power
station showed that both costs for plant and operation are estimated to be
cheaper in the electron beam process than in the conventional lime-and-
gypsum process. Construction of commercial plant is scheduled by the
Chubu Electric Power Co., Inc., in Japan. Feasibility tests using a
commercial scale plant are being conducted in China, and planned in
Poland. The electron beam treatment is characterized in its simplicity of
the process and the recycle use of eliminated pollutants as fertilizer. It
will be a good example of the radiation processing technology which will
meet requirements of the society in the 21st century by serving in both
ways to the conservation of environment and the effective utilization of
resources.

Other examples can be cited for cleaning of environment and
recycling of resources as shown in Fig.2 and Fig. 3. Fig. 2 is a diagram
of a process for purification of factory ventilation air to remove toxic
volatile organic compounds such as trichloroethylene. For recycling of
biological wastes, as shown in Fig.3, radiation can be used as an effective
measure of disinfection in the process for composting of sewage sludge
into fertilizer and conversion of oil palm wastes into animal feed.

The use of radiation for polymer modification will remain as an
important field of the radiation application. It has been known that
chelating resins containing amidoxime groups have an excellent capacity
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to recover metals from sea-water with a very high selectivity.
Polyethylene fibers grafted with the amidoxime groups can collect metal
components, cyclicly, such as uranium, titanium, vanadium and so force,
which occur in the sea-water at very low concentrations(Fig.4&5). The
nuclear power generation has been facing difficulties to gain a public
acceptance in many countries, nevertheless, it will be inevitable for us to
continue to use it as one of main sources of energy in the 21st century.
The sea water will be able to provide fuel uranium with the aid of the
radiation processing technology.

The radiation processing technology of polymers will provide high
performance ceramic materials. Fig.6 shows a process for manufacturing
of SiC fibers. Polycarbosilane(PCS) fibers are irradiated with electron
beams for crosslinking and then pyrolized into SiC fibers. When the
pyrolysis of the crosslinked PCS fibers is conducted under ammonia gas,
silicone nitride fibers can be synthesized in place of silicon carbide. These
ceramic fibers can be used as reinforcing fibers of ceramic-ceramic
composites (C-C composite), as structural materials for a nuclear fusion
reactor, space development and others. The radiation processing
technology can similarly be applied for manufacturing of the composites.
As shown in Fig.7, PCS is composed with woven cloth of SiC fibers, and
then pyrolized into SiC after the irradiation with electron beams for
crosslinking the part of PCS. This process is expected to give composites
free from voids which cause usually a lowering in the mechanical strength
of the composite materials.

Some other promising polymer processing can be cited as those
which will grow in near future. For example(Table 1),

For environment technology
Polymeric fibers grafted with ion exchange residues to remove toxic

metals for cleaning industrial waste water,
For health care technology
Crosslinked polyvinylalchohol hydrogel for wound dressing
(Irradiation of hydrogel),
For high performance materials technology
Less-toxic crosslinked natural rubber latex (Irradiation of emulsion)
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Abrasion resistant crosslinked PTFE (Irradiation at high
temperature)

The radiation processing of polymers has been developed so far for
solid polymers in most cases at room temperature. In the future radiation
processing, the irradiation will be conducted to polymers at high
temperature near melting point or in various states like hydrogel,
emulsion and so force.

Ion Beams for the Radiation Processing Technology
in Next Generation

Ion beams of relatively low energy ranging in between 200 and
400keV have been used in an industrial scale for LSI production. Those
of MeV energy level are used for analytical purposes and radioisotope
production for medical purposes. In general speaking, however, the
application of ion beams for the radiation processing technology is still
limited in a narrow area. In order to create new areas of the ion beam
application, the ion beam facility called TIARA (Takasaki Ion Accelerator
for Radiation Applications) was constructed at the TRCRE of JAERI. The
TIARA consists of four ion accelerators, one AVF cyclotron and three
electrostatic accelerators, and it can provide various ion beams covering a
wide range of energy and mass number of atoms. Its features lie in the
beam utilization. It can provide heavy ion microbeams, pulsed beams of
nano-second width, irradiation to a wide area (100mm x 100mm) by
beam scanning, dual and triple beams, and so on. Present research
subjects using TIARA now cover studies on materials for the advanced
technology like space development and a nuclear fusion reactor,
biotechnology, functional materials, synthesis of novel radioisotopes, and
ion beam technology (Fig.8&9).

Silicon(Si) is widely used in manufacturing various types of
semiconductor devices. However, it has inherent drawbacks in connection
with its application to high temperature, high power, high speed
switching, and radiation resistant devices. Silicone carbide and diamond
are expected as materials for LSI in the next generation. For the
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fabrication of SiC devices, it is important to control donor and acceptor
impurities in SiC to regulate its electric conductivity. Nitrogen and
aluminum are generally used as a donor or an acceptor impurity element,
respectively. The ion implantation technique was found useful when the
process temperature was kept higher than 800°C. Various defects formed
during the implantation could be eliminated at temperatures over 1500°C
to form electrically effective pn junctions(Fig.lO).

For the use of diamond for semiconductor devices, synthesis of a
single crystal is a key technological problem at present. Ion beam
deposition technique is expected to enable such synthesis with ultra high
purity and high crystal perfection. Formation of thin film of diamond
crystal on a Si substrate was performed using low energy C-12 ion beams.
Energetic C-12 ions were mass separated and decelerated down to 10 or
100 eV. As shown in Fig. 11, diamond single crystal was formed at the
energy of 100 eV. It is interesting to note that the diamond crystal is
formed after the amorphization in the mixed layers of Si and C at the
surface of the substrate.

The use of ion beams in the processing of polymers is very limited at
present. Only the particle track membrane(PTM) is used. But its
performance is very low. In order to enhance the performance of PTM,
the radiation grafting of environmental responsive polymers was
conducted to the wall of the micro pores. Fig. 12 is a photo of AFM
observation to see the temperature responsiveness of the grafted pores. It
shows an open state of the pore at 30°C, and a closed state at 0°C. We can
also give other environmental responsiveness such as the responsiveness to
hydrogen ion concentration, or electric field strength. These responsive
pore membranes will be used for material diffusion control for
pharmaceutical purposes.

The radiation application for agricultural purposes has a long
history, but the use of ion beams is very scarce. In order to introduce a
desirable genes from wild plants to cultivar, many works have been
carried out, particularly in relation to disease- and insect-resistance.
However, it is very difficult or almost impossible to get a viable plants
between distantly related species, because of cross incompatibility or
hybrid inviability. Recently, we found that pollen irradiation with ion
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beams was effective for overcoming these barriers. For example, in the
case of tobacco plant, we found that the ion beam irradiation was
characterized by the fact that it could exclude a concurrent unfavorable
mutation which was inevitable, on the other hand, in the case of gamma-
ray irradiation (Fig. 13).

Further, ion beams was found effective to induced a novel mutant.
An ultra-violet light resistant mutant which had never been obtained by
other methods, was obtained by seed irradiation with C ion beams. Based
upon these fundamental results, I would like to emphasize that the use of
ion beams in the field of plant biotechnology will give us great profits in
near future(Fig.l4).

High Quality Radiation Sources in Future

I intended to show some future possibility which is foreseeable from
the current studies at TRCRE. Now, I will touch briefly upon radiation
sources in future. Synchrotron Radiation (SR) as well as X-ray laser,
neutrons and positrons will appear to the area of the radiation processing.
The SR and X-ray laser are electromagnetic radiation like gamma rays,
and characterized by their very high intensity and coherency. They will
give a great possibility for upgrading of the conventional radiation
processing technology like LSI production. The JAERI has been engaged
in the construction of those radiation sources. The latest SR-facility(SP-
ring 8) having been completed by a joint work of JAERI and RIKEN
began to operate in this month(Fig.l5).

Neutrons will develop a novel field in the radiation processing
technology where nuclear reactions play an important role, such as
processing for annihilation of long-lived radioactive wastes produced in
the nuclear power generation. The major facilities to be constructed are
shown in Fig. 16, thus, 1) a super-conducting proton linac with proton
energy of 1.5GeV and maximum beam power of 8MW for neutron
production , 2) a linac with proton energy of 1.5GeV and maximum beam
power of 5MW, allowing high intensity pulsed neutron beams for neutron
scattering, and 3) research facility complex for accelerator-driven
transmutation experiments, material irradiation and so force.
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A positron is an antibody of electron. It has an unique mechanism
for ionization. It can ionize material through the positron attachment
followed by electron-positron pair annihilation. Thus, the ionization can
be induced in a soft manner in a very low energy range from sub-eV to a
few eV, and therefore, it is totally different from a violent manner by
kinetic energy of energetic radiations. Positrons attach to chemically
active groups which have large positron affinity and induce specified
bond scission through the soft ionization. When it becomes possible, we
could have a new tool for material manipulation. Under the positron
project, positrons are produced by conversion of energetic electron from
a linear accelerator of lOOMeV and beam power of lOOkW. High energy
electrons are bombarded on an electron-positron converter, which causes
a cascade shower of Bremsstralung and pair production reactions to
generate energetic positrons. The energetic positrons are then moderated
to be slow positrons. A tentative goal of the slow positron beam intensity
is as strong as 10i0/sec(Fig.l7).

Conclusion

The radiation processing technology will continue to provide
possible technological solutions to the problems in the 21st century.

Table 2 shows the summary of my talk. In the field of environment,
the electron beam cleaning of the flue gas will widely be accepted,
because of its technological and economical benefits. Atomic power
production can be sustained by fuel uranium from sea water. The
radiation processing technology will also contribute to health care field by
supplying new pharmaceutical polymer products. Interesting application
of ion beams is expected in the field of biotechnology to enhance food
production. Materials like SiC composites are expected as structural
materials for the use under extreme conditions such as high temperature,
intense radiation, possibly being capable for the use in space, nuclear
fusion reactor. Electronic devices will also be more adaptable under
severe conditions by introducing SiC and diamond as the basic
semiconductor materials for the next generation LSI. Ion beam processing
technology will be applied for their manufacturing.
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As new radiation sources, Synchrotron Radiation(SR), neutrons and
positrons which are characterized by their high quality and strong
intensity will become available. Their present main interest is not
necessarily in the application to the radiation processing technology, but
they will certainly contribute to the progress in the radiation processing
technology in future.
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Fig.l

Schematic Digram of electron Beam Flue
Gas Treatment /
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Table 1

For Environment
Polymeric fibers grafted with ion

exchange residues to remove toxic
metals for cleaning industrial waste
water

For Health Care
Crosslinked polyvinylalchohole

hydrogel for wound dressing

For High Performance Materials
Less-toxic crosslinked natural

rubber latex
Abrasion resitant crosslinked

PTFE
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INTRODUCTION

It was 52 years ago that the "bombs" were exploded in Hiroshima and Nagasaki.
About a decade later the first nuclear power plant was put into commercial operation
in England.

Every technology is a double-edge swords. Thus, the first event represents the only
application of this technology within its "dark" side, i.e. military; the second
represents its principal peaceful applications, and is within its "bright" side, i.e.
nuclear power production. Both have been occupying the center stage of news
report on and have strongly influenced almost all things about this technology,
including public acceptance - an agenda within this technology which seemingly is
very reluctant to leave the arena.

Over this period, nuclear science and technology (ns&t) has also been colored in
many public minds by the names of famous projects and places such as the
Manhattan Project, Hiroshima, Nagasaki, Three Mile Island, and Chernobyl much
more than by words such as cancer therapy, mutation breeding, radiation processing,
chemical-free processing, environment friendly technology, etc. It may seem that
ns&t for a long more time to come will still be trapped in this image that we know
impedes its smooth and effective integration into our total technology requirement.

But things do not remain static. The recent unfolding of events in the former USSR
and Eastern Europe lead to the diminishing importance of nuclear arms race as the
dominant factor in influencing international relations. This would change the
possible future scenarios of the political, economic, social, and technological
dimensions of ns&t. Industrial and economic might are being assimilated more and
more with political influence and strength. Gradually, perhaps, the advancement of
political ideology would take the back seat to, or share the same seat with,
commercial excellence and economic consideration. The social dimension would be
filled by the concern for environment - clean-up and preservation, elimination of
poverty, and improvement of the quality of life. The recognition accorded to science
and technology, and commercialization as the vehicle for reaping its benefits and to
spur growth, in many countries will create a "new demand" for ns&t to meet.
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eleven nuclear medicine centers are currently operating. All are served by the MINT
technical service and consultancy groups. At the same time, the Malaysian position
on nuclear power program is well-known; that it is an open but the last option after
oil, gas, hydro, and coal. It therefore can be seen that despite the absence of nuclear
power program, which is regarded as the mainstay or the core of ns&t, non-power
applications of the technology have been able to make visible impact. This can
persuade the public to warm up towards the technology positively, thus correcting
its image and easing up its eventual acceptance.

Malaysia is also a rapidly developing country. The positive correlation between the
increasing use of ns&t and the level of development in the country points to the fact
that ns&t does contribute to overall development objectives. In this geographical
region alone, there are many more countries still are developing. If the Malaysian
experience is true for any country, then ns&t is expected to further develop in this
region, thus contributing to the diffusion of the technology, at least in its non-power
applications.

ISSUES AND CHALLENGES

In 1996, The International Nuclear Societies Council (INSC) published a report
outlining the vision of nuclear energy in the next fifty years. The report strikes
optimistic notes on the future of nuclear energy and its non-power applications. It
estimates that by the year 2050 nuclear power and natural gas will be responsible for
the world energy requirement as the utilization of oil and gas declines. It also
estimates that nuclear power will supply about 40% of the total electricity demand of
the world. To achieve that, the report also cited some issues which needs to be
handled. These include capital outlay for nuclear power generation, plant and
operational safety, waste management, nuclear weapons proliferation, the
environment, and public acceptance.

For many countries, the cost of setting-up a nuclear power program is still
considered high when the needs for waste storage and disposal as well as the need
for having well established engineering capability and infrastructure for sustaining
the program, including the cost of the power plant itself and the need for liability
insurance, are considered. For that reason, the growth of nuclear power production
will be influenced by the rate at which developing countries of the world
industrialize. Developments in nuclear reactor technology especially in enhancing
operational safety, in reducing its cost, and in finding solutions to radioactive waste
issues can have positive influence on the growth.

The issues of safety, radioactive waste, nuclear weapon and proliferation, the
environment, and public acceptance are common threads running across all
applications of ns&t. The blurring of the picture between the applications of the
technology for weapons production, power, and non-power applications in the mind
of the public renders the commonality of the issues. While priding ourselves on
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ABSTRACT
The mechanical Properties of Styrene-Butadiene Rubber (SBR) samples cured by

a combination of sulfur and ionizing radiation in the presence of polyfunctional crosslink-
ing agent were studied. SBR formulations containing various concentrations of trimethyl
propane triacrylate (TMPTA) were irradiated at absorbed doses in the range of 35-200
kGy. The influence of TMPTA on the mechanical properties, solubility % and swelling %
were investigated. The various formulations were compared based on crosslink density
expressed by 200% modulus (i.e. tensile stress at 200% elongation). The increase in
TMPTA concentration has led to the decrease in the absorbed dose required to achieve
full-cure conditions. Another set of SBR formulations containing partial levels of sulfur
in the presence of the same TMPTA concentrations as the earlier formulations were
irradiated at the same absorbed dose range. The presence of sulfur has further decreased
the absorbed dose required to achieve full-cure conditions

INTRODUCTION
Vulcanized rubber, i.e. crosslinked rubber, can be prepared by different processes.

Vulcanizing agents are necessary for the crosslink formation. These vulcanizing agents
are mostly sulfur or peroxide or high energy radiation. In radiation vulcanization of
rubber, a small concentrations of polyfunctional crosslinking agents are usually added to
achieve reasonable crosslinking density at lower irradiation doses. Hence, to avoid
damage of polymeric chains at high irradiation doses N3. The resulting properties of the
vulcanized rubber depend to some extent on the number and type of crosslinks.

SBR is the most widely produced elastomer. It has a vast range of applications
and is relatively inexpensive compared to other elastomers. Sulfur curing of SBR has
been the popular method by the industry. Vulcanization of SBR when cured with sulfur
produces one crosslink per 200 structural units in most practical applications; the
crosslink density (and thereby the modulus) can be changed by changing the sulfur
content. Radiation dose can produce a crosslink density equivalent to the curing
conditions obtained with sulfur. However, radiation has two potential advantages over
sulfur; (1) the C-C crosslinks are expected to give radiation cured SBR better mechanical
properties at higher temperature (e.g. high hot tear strength). (2) Radiation induced

*Permanent address is: National Center for Radiation Research and Technology,

Nasr City, P.O. Box 29, Cairo Egypt.

35



crosslinks can be produced in a truly random pattern with great uniformity in local
concentration. In sulfur-cured systems, uniformity of crosslink density is more difficult
to achieve due to heterogeneity in the mixing process. These advantages were
demonstrated with the hot tear strength reported by Silverman and Lambert(4). Moreover,
work by Basfar and Silverman demonstrated that an absorbed dose of 150 to 200 kGy
achieves full-cure conditions for sulfur-radiation cured SBR formulations containing a
partial sulfur concentration of 0.5 phr (5"7).

This work explored the effect of y-radiation on the physical and mechanical
properties of SBR formulations containing different concentrations of TMPTA as
polyfunctional crosslinking agent. Moreover, the influence of incorporating sulfur in the
SBR compounds was also investigated.

EXPERIMENTAL:

Materials:
A commercial grade styrene-butadiene rubber (SBR-1502) with 23.5% styrene

content was obtained from Copolymer Co.(COPO), USA. The polyfunctional
crosslinking agent used is trimethylol propane triacrylate (TMPTA) from Cray Vally Co.
in France.

Compounding and Vulcanization:
The various formulations utilized in this study are presented in Table 1. A

Brabender Plasti-Corder Model PL-2000 and an internal mixer Model 3505 were used.
The compounding was in accordance with ASTM D-3182. Vulcanization characteristics
were measured using Monsanto-oscillating disk cure-meter Model ODR-2000E in
accordance with ASTM D-2084. A hydraulic hot press by PHI Co. Model G236 H was
used to press and vulcanize rubber sheets with an average thickness of about 2 mm
in accordance with ASTM D-3191. The formulations containing sulfur were
vulcanized at 150°C for 30 minutes whereas the formulations containing the
polyfunctional crosslinking agent were sheeted at 100°C for 3 minutes, under 20 MPa
pressure.

Irradiation
A Cobalt-60 gamma cell Model GC-220 manufactured by Nordion Int. Inc. in

Canada was used for irradiation at a dose rate of 12.2 kGy/h, 40°C and in nitrogen
atmosphere.

Physical Properties
The physical properties which were studied are as follows :

1. Solubility and swelling measurements were performed in toluene. The soluble fraction
was calculated by extracting soluble part from each sample using soxhlet for 24 h, and
drying the insoluble part completely in vacuum oven at 50 °C. The swelling
measurements were performed in fresh toluene using the insoluble part after extraction
for 24 h at 25 °C.
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2. Mechanical properties measurements were carried out using an Instron Universal
testing machine Model 4505 in accordance with ASTMD-412. Five samples from each
batch were tested. Dumbbell shaped specimens were cut from sheets using a steel die
with standard neck-width of 3mm and length of 20mm.

Results and Discussion
The mechanical properties of formulations containing the polyfunctional agent are

shown in Figs. 1-3.

The modulus stress at 200% elongation (M200) of the samples S-l to S-4
containing no sulfur and sensitized by different concentrations of TMPTA coagent are
shown in Fig. 1 as a function of irradiation dose including the control sample (S-0). It
can be seen from this figure that the values of M200 increased linearly with the increase
of both the irradiation dose and the concentration of the coagent. The stress value at low
elongation of a vulcanizate is proportional to its degree of crosslinking, i.e. crosslinking
density. Hence, the incorporation of the crosslinking agent in the system leads to increase
in the crosslinking density of the matrix and this increase depends upon the concentration
of the added coagent.

The ultimate tensile strength (TS) of these samples are shown in Fig. 2. TS of the
control sample increased linearly with increasing the irradiation dose. Moreover, addition
of small concentrations of the coagent, i.e. up to 0.82 phr, leads to appreciable increase in
TS at low irradiation doses, i.e. 50 kGy. The successive increase in the concentration of
the coagent over 0.82 phr, resulted in a little increase followed by a decrease in TS.
Moreover, the TS increased with increasing irradiation dose and the rate of increase
declined above 100 kGy. In addition, this increase in TS diminishes as the concentration
of the coagent is increased. At high irradiation doses, the values of TS are very close for
the different sensitized samples. This may be explained as, when rubber is subjected to
ionizing radiation, two processes simultaneously take place, i.e. crosslinking and scission,
which affect its properties in opposite directions. These processes depend on the type of
the sample, the incorporated additives and its susceptibility to radiation as well as the
irradiation dose. The incorporation of the coagent has induced additional crosslinking in
the rubber matrix, especially at lower irradiation doses. At higher irradiation doses and in
presence of high concentration of the coagent, the probability of scission is predominant,
hence, the tensile strength declined.

Elongation at break for the SBR samples containing different concentrations of
TMPTA are shown in Fig. 3. The elongation at break decreased with increasing both the
concentration of the coagent and the irradiation dose. The irradiated samples with no
coagent have the highest ductility compared to those containing 6.67 phr of TMPTA. This
can be also illustrated from the swelling and solubility measurements which are presented
in Fig. 4 and Table 2, respectively.

The swelling measurements are shown in Fig. 4. It can be seen that a linear
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relationship exists between the swelling % and the dose of irradiation for all samples.
Moreover, the rate of decrease of the swelling depends on the concentration of the added
coagent. Swelling is inversely proportional to the crosslink density. Hence, crosslink
density increases with increasing both the irradiation dose and the content of the coagent.
This is also concluded from the solubility measurements which is presented in Table 2
after applying Charlesby-Pinner Equation^:

where S is the soluble fraction of the rubber sample in toluene, D is the dose
of irradiation, p0 is the degradation density, average number of main chain scission per
monomer unit and per unit dose; q0 is crosslinking density, proportion of monomer units
crosslinked per unit dose; U is initial weight-average degree of polymerization (units per
initial weight average molecule).

When polymers are subjected to ionizing radiation, crosslinking and main chain
scission are among the chemical effects observed. The processes ultimately cause
formation of insoluble gel if crosslinking predominates over scission(9). These chemical
effects are more pronounced in presence of the coagent, due to its susceptibility towards
ionizing radiation. This could be explained from Table 2 as follows, when the content of
the TMPTA coagent in the compounds is increased from 0.82 to 6.67 phr, the probability
of scission increased about 3 times. In contrast, the probability of crosslinking increased
about 2.6 times which affects negatively the mechanical properties at both high content of
the coagent and high irradiation dose.

The mechanical properties as a function of irradiation dose for the formulations
vulcanized by sulfur in absence and in presence of different concentrations of the
polyfunctional agent TMPTA are shown in Figs. 5 - 7.

The M200 of samples containing sulfur and sensitized by different concentrations
of TMPTA (S-6 to S-8) are shown in Fig. 5 as a function of irradiation dose including the
control sample (S-0) and the sample S-5 without the coagent. It can be seen from the
figure that the M200 increased linearly with the increase of irradiation dose, with the
exception of S-7 which demonstrated polynomial relationship. Moreover, the
vulcanization in presence of sulfur leads to increase in the M200 about 5 times compared
with that in its absence at 40 kGy. Meanwhile, the combination of both sulfur and small
concentration of TMPTA, namely 0.41 phr increased M200 about 5.7 times at the same
irradiation dose, i.e. 40 kGy. However, the rate of increase in M200 with irradiation dose
is 0.025 for both samples not containing TMPTA in absence or in presence of sulfur,i.e.
S-0 and S-5 samples. Combining a small amount of 0.41 phr of the TMPTA with sulfur
in the compound, i.e. S-6, improved the rate of increase of M200 with irradiation dose
about 50%. This apparently means that the main effect of the radiation is on the rubber
matrix and the polyfunctional coagent and not the sulfur, i.e. no synergistic effect on the
stress property due to the combination of sulfur and irradiation dose was found in the
range of irradiation dose studied. This can be seen also from the TS-irradiation dose
relationship for the same samples shown in Fig. 6. The vulcanization of SBR by sulfur
leads to increase in the value of TS about 14 times compared with that of the control
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sample at 40 kGy. However, almost no change with the increase of irradiation dose was
detected in those samples. Meanwhile, the combination of the coagent with sulfur in the
SBR compounds resulted in a slight increase in the values of TS especially at lower
irradiation doses, i.e. up to ~ 75 kGy. Increasing the irradiation dose higher than 75 kGy
leads to decrease in the TS which is proportional to both the concentration of the coagent
and the irradiation dose.

The elongation at break (E%) as a function of irradiation dose is shown in Fig. 7.
In absence of the crosslinking agent, the values of E% steadily decreased with the
increase of irradiation dose. The incorporation of sulfur leads to additional decrease in
the values of E% and the rate of decrease with irradiation dose is almost similar to that in
its absence. The incorporation of the coagent leads to a further decrease in the E%, which
depends on the concentration of the added coagent as well as the irradiation dose.

The variation of swelling % with irradiation dose is shown in Fig. 8. It can be
seen that that the swelling % for all the samples decreased linearly with different rates
with the increase in irradiation dose. Moreover, the vulcanization by sulfur leads to
appreciable decrease in the swelling %. At the same time, combination of sulfur and
small concentration of the coagent, i.e. 0.41 phr, leads to a further decrease in the
swelling %, ranging between about 39 % at 50 kGy and about 6 % at 200 kGy, compared
with those of the corresponding samples not containing sulfur.

The soluble fraction (Sf)as a function of irradiation dose is shown in Fig. 9. It can
be seen from the figure that the Sf of the SBR compound not containing vulcanizing
agents decreased linearly with the increase of irradiation dose. However, when this SBR
compound was vulcanized by sulfur and irradiated at 60 kGy, the value of Sf decreased
about 72 %. Increasing the irradiation dose higher than 60 kGy, slightly affects the values
of the vulcanized samples either in absence or in presence of the coagent.

Conclusions
The findings of this work can be summarized as follows:

1 The crosslink density (expressed by 200% modulus stress) of y-irradiated SBR
compounds containing TMPTA as crosslinking agent increased linearly with the
increase of both the concentration of TMPTA and the irradiation dose in the range
studied (35-200 kGy).

2. Addition of small amount of TMPTA to the rubber compounds and irradiated at low
irradiation dose, i.e. 50 kGy, leads to improving the TS while maintaining good
elasticity, i.e. E% ~ 540.

3. The combination of both sulfur and a small concentration of TMPTA namely, 0.41 phr
in the rubber compounds and irradiated at a low absorbed dose, i.e. 40 kGy,
appreciably increased the M200 as well as the rate of increase of M200 with
irradiation dose.

4. The vulcanization of SBR compounds by sulfur leads to an increase of TS about 14
times at 40 kGy compared with that in its absence. Moreover the combination of the
coagent or increasing the irradiation dose resulted in no further improvement in TS.
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On the other hand, scission predominates at both higher irradiation doses and higher
TMPTA concentrations.

5. When the SBR compound is vulcanized by sulfur and irradiated at 60 kGy, the
solubility in toluene decreased about 72%.
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Table 1: SBR formulations for radiation cured and sulfur-radiation cured systems.

Notation
Code

S-0
S-1
S-2
S-3
S-4
S-5
S-6
S-7
S-8

SBR-1502
(phr)

100
100
100
100
100
100
100
100
100

Ingredients (phr)
FEF-

Carbon
black

50
50
50
50
50
50
50
50
50

Additives

6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0

Polyfunctional
X-linking agent

(TMPTA)
~

0.41
0.82
1.64
6.67

—
0.41
0.82
1.64

Sulfur

--.
—
—

—
0.5
0.5
0.5
0.5

CBSb

—
~
--
—

2.0
2.0
2.0
2.0

a: The additives in phr, were ZnO 4.0, stearic acid 2.0, antioxidant (Winstay 100) 1.0.
b: CBS = N-c-Cyclohexyl-2-benzothiazole sulfenamide.

Table 2: Solubility parameters of irradiated SBR compounds containing different
concentrations of TMPTA crosslinking agent.

Code

S-0

S-1

S-2

S-3

S-4

Po/qo

0.220

0.240

0.260

0.297

0.305

*qo

191

530

670

990

1740

**nPo

42

127.2

174.2

294

530.7

*q0 = Relative to crosslink density = q0 (UD)/2 x 10 "
**p0 = Relative to degradation density = po/qo x *qo
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Fig.
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1: The modulus stress at 200% elongation, as a function of irradiation dose

for SBR compounds containing different concentrations of TMPTA coagent,
including the control sample.
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Fig. 2: The ultimate tensile strength as a function of irradiation dose for SBR

compounds containing different concentrations of TMPTA coagent
including the control sample.
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Fig. 3: The elongation at break as a function of irradiation dose for SBR compounds

containing different concentrations of TMPTA coagent including the control
sample.
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Fig. 4: The swelling in toluene as a function of irradiation dose for SBR compounds

containing different concentrations of TMPTA coagent, including the control
sample.
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Fig. 5: The modulus stress at 200% elongation as a function of irradiation dose for SBR
compounds vulcanized by sulfur and containing different concentrations of TMFTA

coagent including the control samples.
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Fig. 7: The elongation at break as a function of irradiation dose for SBR compounds
vulcanized by sulfur and containing different concentrations of TMPTA coagent

including the control samples.
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Fig. 6: The ultimate tensile strength as a function of irradiation dose for SBR compounds
vulcanized by sulfur and containing different concentrations of TMPTA coagent

including the control samples.
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Fig. 8: The swelling % in toluene as a function of irradiation dose for SBR compounds
vulcanized by sulfur and containing different concentrations of TMPTA coagent

including the control samples.

0.0

\

. \

- • - S - 0
- * - S - 5
—A—S-6
- * - S - 7
- - + - - S - 8

i . . . . i . . . .

0 50 200 250100 150
Irradiation dose, kGy

Fig. 9: The soluble fraction in toluene as a function of irradiation dose for SBR
compounds vulcanized by sulfur and containing different concentrations of

TMPTA coagent including the control samples.
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Abstract

The effect of irradiation, with dose ranging from 20 to 100 kGy on the physical properties of Polyvinyl

chloride / Epoxidised Natural Rubber Blends ( PVC / ENR blends ) were investigated. The enhancement

in tensile strength, elongation at break, hardness, and aging properties of the blends have confirmed the

positive effect of irradiation on the blends. While crosslinking of the ENR phase proved to play a major

role in the improvement of mechanical properties of blends, it is evident from infrared spectroscopic

studies the irradiation - induce interaction between ENR and PVC at a molecular level. The results also

revealed that at any blend composition the enhancement in properties depend on the irradiation dose

which controls the degree of radiation induced crosslinking. The single glass transition temperature

obtained confirms that the blends remain miscible upon irradiation. However, the evidence unveiled the

specific nature of interaction involved and the enhancement in the miscibility of the blends by irradiation.

Keywords : PVC / ENR blends, irradiation, crosslink, enhancement, miscibility
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INTRODUCTION

Epoxidised natural rubber ( ENR ) which exhibits a relatively high polarity compared to natural rubber

has attracted interest in the field of polymer blending ' 3 . It has been reported that PVC / ENR system has

a high level of ply adhesion4. Extensive studies on PVC / ENR blends is in progress. Earlier reports ll5'6

and later work by Zainal et al.7 indicate the need of using suitable mixing conditions to attain optimum

blend properties. Varugese and co-workers 3 as well as Margaritis et al.2 showed that PVC/ENR blends

exhibit a single glass transition temperature,Tg, which lies between that of PVC and ENR , thus asserting

compatibility at a molecular level. Margaritis et al.3 had specially identified the 50 % epoxidation level of

olefinic species in natural rubber which known as ENR50 is essentially required in order to attain

miscibility with PVC. Findings also indicated that PVC / ENR50 blends were miscible at any blend ratio

38 suggesting the diversification in term of processing and properties of PVC/ENR50 composite.

Apparently, most of the findings on PVC / ENR50 blends found to be focus on aspects of miscibility,

rheology as well as morphology with regard to mechanical and thermal blending. Until now, no

fundamental work have been performed on the effects of irradiation on the PVC / ENR50 blends although

high energy irradiation ( gamma or electron beam ) is a well known technique for the modification of

polymers9. In fact, attempts have been made to crosslink one of two polymers in a completely miscible

blends system. For example, Nishi and Kwei10 studied on polyvinylmethylether / polystyrene ( PVME / PS

) 50 / 50 blend and succeeded in raising the low critical solution temperature (LCST) with gamma

irradiation via crosslinking of the PVME chains.

This paper will present some interesting findings on the effects of electron beam irradiation on

PVC/ENR50 blends in relation to enhancement in the mechanical properties of the blends.

EXPERIMENTAL

Material and Formulations.

Epoxidised Natural Rubber, grade "ENR 50" with 50 % epoxidation level was supplied by Guthrie

Polymer Ltd. as a free sample; polyvinyl chloride, PVC with a 66 k value, grade "MH66, 6519" was

purchased from Industrial Resin (M) Ltd., Ca / Zn - based stabilizer " Baerostab NTMZ-5 " was kindly
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donated by Baerlocher Far East Pte Ltd., Singapore; Di octyl phthalate ( DOP ), used with the Ca / Zn

stabilizer, was purchased from Aldrich Chemical Company, Inc. The full recipes of the blends are given in

Table I.

Table I. Formulations of PVC / ENR50 blends

Materials

PVC (phr)

ENR50 (phr)

Ca/Zn (phr PVC)

DOP (phr PVC)

0

100

-

-

30

70

2

5

Blends

50

50

2

5

70

30

2

5

80

20

2

5

100

0

2

5

Blends preparation

PVC, DOP, and stabilizer were premixed at room temperature with a Table Top high speed mixer at 1200

rpm for 10 minutes. Melt blending was carried out at 160°C at 50 rpm rotor speed with a Brabender

Plasticorder Model PL 2000 having equipped with a kneader-chamber (W50E) and mixing cam

attachment. The blending was done as follows:

When the desired temperature was reached, ENR was charged into the mixing chamber and was mixed for

1 min. The PVC compound was then added, and the blending was continued for a further 4 minutes.

The blends obtained from the Brabender Plasticorder were then compression molded into 1 mm thick

sheets under a pressure of 150 kgcm'2 at 160°C for 3 minutes. The sheets were than immediately cooled

between two plates of cold press at 25°C. Dumbbell shaped test pieces were cut from these sheets in

accordance with ASTM D1822 - L.
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Irradiation

The molded sheets and dumbbell test pieces were irradiated in air using a 3 MeV electron beam

accelerator at doses of 20,40,60,80 and 100 kGy. The acceleration energy, beam current and dose rate

utilized were 2 MeV, 2 mA and 20 kGy / pass respectively.

Measurement of mechanical properties

The tensile strength was measured on a Toyoseiki Universal testing machine ( model Strograph-RI) with a

crosshead speed of 50 mm / min. Altogether eight samples were used for tensile and elongation at break

test and an average of at least six data was taken as the resultant value. While for aging, samples were

aged in an oven at 70°C for 7 days before testing. The Rockwell R hardness test was carried out according

to ASTM D785 using HA-101 Rockwell Automatic Digital Hardness Tester.

Gel fraction

The gel fraction was determined by extraction in tetrahydrofuran, THF at 50 ± 2°C. The blends were

solvent extracted using THF for 48 hours and the extracted samples were dried and weighed until a

consistent weight was obtained.

Infra red spectra (IR)

The Fourier transform infrared spectroscopy, FTIR, spectra were obtained with a Perkin-Elmer 843

spectrophotometer by the Attenuated Total Reflectance (ATR) technique for 50/50 PVC/ENR blend

irradiated at 80kGy dose. The difference in spectra due to irradiation was recorded using a un - irradiated

blend as reference.

Glass Transition Temperature, Tg

In order to determine the glass transition temperature, Tg, a Dynamic Mechanical Analysis was

performed using a Free Torsion Damping Type Rheometer RD - 1100AD (Rhesca Co. Ltd., Japan) at

frequencies between 0.2 and 1 Hz. The measurements were carried out at a heating rate of 2CC / min over

a temperature range of -100°C to 150°C.
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RESULTS AND DISCUSSIONS

Gel fraction

Generally, the extent of radiation induced crosslinking of polymers can be estimated from gel fraction

determination u . Thus, in order to elucidate the radiation induced crosslinking, the gel fraction of the

blends was determined and the results were plotted in Fig. 1. Apparently, the stabilized PVC did not

render any values for gel fraction, while the increase in gel fraction with irradiation dose for blends was

observed to be enhanced by increasing the ENR50 content with the highest gel fraction for the pure

ENR50 at all irradiation doses. This trend could be attributed to the ability of ENR50 to crosslink upon

irradiation . On the other hand, the results obtained here also suggests that under the irradiation conditions

employed, crosslinking was not induced in PVC. This observation is in general agreement with numerous

reports on the radiation effects on PVC 111213.

Tensile strength

The details of the mechanical properties of un - irradiated PVC / ENR50 blend system have been

published 1514 and only discussions with special focus on effect of irradiation on blend properties will be

provided here. Figure 2. illustrates the tensile strength, Ts, as a function of irradiation dose. It is obvious

that upon irradiation enhancement in Ts occurs for the pure ENR50 and the blends while, as expected, the

Ts of PVC is not affected . This behaviour is believed to be due to the formation of radiation - induced

crosslinking in the ENR phase as evidenced from the gel fraction values. However, it is worth noting that

the pure ENR50 shows only slight enhancement in tensile strength with increasing irradiation dose relative

to the improvement observed for the blends. Moreover, although irradiation had remarkable influence on

the gel fraction of the pure ENR50, the improvement in Ts is found to be only marginal. This indicates

that the increase in Ts of the blends could also be due to the radiation - induced chemical interaction

between the polymers.

A similar observation was reported by Birkinshaw and Buggy 15 in their work on irradiated high impact

polystyrene modified polybutadiene type. They reported that the effects of gamma irradiation on the

mechanical properties of high impact polystyrene are much greater than those observed in the

homopolymer and they have associated this behaviour with radiation - induced crosslinking of
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polybutadiene as well as the modification at a molecular level between the component polymers which

offered by irradiation at the interface.

Elongation at break

Plots of the elongation at break, Eb, vs. irradiation dose for the blends are shown in Fig. 3 . Generally

increasing the irradiation dose causes a substantial reduction in the elongation at break of the blends. Such

a decline is expected since in general, the mechanical property which is most sensitive to radiation

degradation is the Eb and this property is found to invariably decrease regardless of whether chain

scission or crosslinking is predominant1 .

Therefore, the reduction in elongation at break could be attributed to the reduced segmental mobility of

the blends which resulted from the increased crosslinking of the ENR phase. In other words, the onset of

crosslinking reduces the ability of the rubber chain to plastically deform hence a progressive reduction in

Eb with increasing dose is noted. On contrary, the radiation induced degradation which may have

occurred in either polymers in the blends could also account for the fall in Eb with dose.

However, looking at the plot for pure ENR, the trend is not the same. Here, the initial decline in

elongation at break at 20 kGy is a clear evidence of radiation - induced degradation . The rise in

elongation at break from 20 to 60 kGy could be associated with the formation of radiation - induced

crosslinks coupled with the ability of the rubber to undergo strain - induced crystallization. This is similar

to the sulfur vulcanized ENR50 which was found to be capable of undergoing strain - induced

crystallization as above17. On the contrary, the opposite situation which is observed at doses above 60

kGy explains the further crosslinking of the ENR50 could have introduced irregularity to the rubber chain,

thus eliminating the strain - induced crystallization.

Whereas for stabilized PVC, the changes in elongation at break is rather insignificant which is in

agreement with the previous results on tensile strength and gel fraction. Hence this points out the fact that

beside the crosslinking of the ENR phase, the possibility of interaction between the two polymers with

irradiation must also be considered in overall enhancement of the blend properties. In line with this

several reports 18"20 further suggests that the epoxy groups in ENR could possibly interact with other

polymers to form crosslinks. To add to this, findings by Liu et al.21 in their work on "Enhanced interfacial

radiation - induced reaction for improving the interfacial adhesion of incompatible polypropylene / cis 1,4
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polybutadiene blends" have confirmed the improved interfacial adhesion between dispersed phase and

matrix achieved by radiation - induced crosslinking and grafting between the polymers at the interfacial

region.

Hardness

The composition dependence of the hardness of the sample with increasing irradiation dose is illustrated

in Fig. 4. In agreement with the results on tensile strength, elongation at break, and gel fraction, the

hardness of stabilized PVC was also not influenced by irradiation dose. ENR50 shows a remarkable

increase in hardness with irradiation whereas a gradual increase in hardness with dose was observed for

the blends. Thus, it is evident that the enhancement in hardness of the pure ENR50 is due to the formation

of crosslinks by irradiation as confirmed by gel fraction. In definition, hardness is generally referred to the

resistance of a material to local deformation22, and the results proved that ENR50 show more pronounced

increase in hardness with increasing dose compared to the tensile strength values. Importantly, it is clear

that radiation - induced changes which have particular effect on the ability of the rubber to crosslink can

be expected to influence the mechanisms of reinforcement. It is also probable that crosslinking in the

rubber phase has proceeded to such an extent that only minor energy dissipation occurred during

extension under stress as evidenced from results on tensile strength vs. irradiation dose of the pure ENR in

this work. This eliminates the possibility of the property enhancement of the blends which occur upon

irradiation without the presence of interaction between the constituent polymers.

IR spectra

It has been reported that epoxy resin can crosslink PVC 23. With reference to the IR spectra obtained for

50% PVC blend ( PVC / ENR blend at 50 / 50 ratio), Ramesh and De24 have confirmed that ENR and

PVC can react together through the allylic chlorine sites of PVC and the epoxy moieties in ENR to form

ether crosslinks. They found a reduction in epoxy ring peak at 875 cm"' and an increase in ether peak

intensity at 1072 cm"1 as thermal effect. Here, an almost similar observation was noted on the IR spectrum

shown in Fig. 5 for 50% PVC blends irradiated at 80 kGy, thereby confirming similar reaction as reported

by Ramesh and De24 has occured upon irradiation of the blend. Thus, it is evident that, irradiation

enhances interaction between ENR50 and PVC.

51



The kinetics of the light - induced crosslinking of epoxidized liquid natural rubber was studied by Decker

et al 25 . Their report proves that the ring opening of the epoxy group upon UV irradiation leads to

crosslinking in the rubber. In addition, upon exposure to irradiation PVC degrades by elimination of HCl12

26 . It is believed that the HCl generated could also catalyze the ring opening reaction of the epoxide

group leading to the formation of crosslinks via ether groups7'27.

Further evidence shows that there is a significant reduction in the absorption peaks of the isoprene unit

(C=C cis) at 837 cm1 and 738 cm'1 28 in the IR spectra (Fig.5). This consumption in double bond

following irradiation is also related to crosslink formation in the rubber phase 29'30. Besides this, another

possible radiation - induced reaction is the formation of grafted copolymer of PVC onto the crosslinked

ENR50 network . In view of this, Gisbergen and Overberg31 have confirmed that the improvement in the

elastic behaviour of the EPDM / PP blend with irradiation is due to grafted copolymer of PP onto the

crosslinked EPDM network. This implies that upon irradiation, the PVC / ENR 50 blend network

structure might consist of crosslinked ENR along with the copolymer of PVC, crosslinked PVC / ENR50

and furanized ENR50. However, it is important to mention here that this evidence unveiled the exact

nature of specific interactions involved between the two different polymers upon irradiation.

Aging properties

The aging properties of the un - irradiated PVC / ENR50 blends and the blends which were irradiated at

80 kGy, indicated by the retention of tensile strength after being aged at 70°C in air for 7 days, is

presented in Fig. 6. Apparently, the irradiated blends depict improved retention in tensile strength

compared to the un - irradiated ones. This is believed to be due to crosslinking of the rubber phase

coupled with the enhanced compatibility of the blends obtained on irradiation as a result of interaction at a

molecular level which supported by IR studies.

Interestingly, looking at 0 to 50% PVC blends, the composition dependence of retention in tensile strength

exhibits opposite trend relative to the unirradiated ones. This trend most probably indicates the positive

effect of crosslinking of the ENR phase upon irradiation. Hence, the retention in Ts decreases with a

reduction in ENR content in the irradiated blends. Apparently, for blends with less than 50% PVC, the

dominating phase is the ENR50, implying that the blend properties are governed by the ENR.
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At 50% PVC content, a phase inversion could have taken place where the PVC and ENR50 show

tendencies to become a continuous phase 5 . Accordingly, the increase in % retention from 50 to 70 %

PVC could be due to the increased chemical interaction by irradiation with increasing PVC concentration

which ensures availability of more allylic chlorine site. On the other hand, the decline in % retention

above 70 % PVC could be associated with the insufficiency of ENR to provide epoxy sites to react with

the PVC which resulted in decreasing compatibility between the polymers. This behaviour is again proof

of increased interaction between the PVC and ENR50 chains upon irradiation. The explanation on phase

inversion also coincides with the changeover from property additivity to synergistic behaviour32.

For un - irradiated samples the enhancement in aging properties with increasing PVC content is believed

to be attributed by the protection given by the PVC phase, akin to those reported by George et. al. 33 in

which the presence of PVC enhances the thermal aging of NBR in PVC / NBR blends. Thus, on

comparing the explanation for irradiated and un - rradiated blends, a much clearer picture on how

irradiation accounts for the improvement in aging properties of blends could emerge.

Glass Transition Temperature,Tg

The Tg values for un - irradiated samples and samples irradiated at 80kGy which were obtained from

Dynamic Mechanical measurements are reported in Table II. For comparison purposes, only the 30%,

50% and 70% PVC blends along with the pure PVC and ENR were chosen for Tg measurements.

Table II. Tg values of the blends and the respective homopolymers before and after irradiation.

Tg(°C)

Sample OkGy 80kGy

ENR50 -7 5

30%PVC 10.5 14

50%PVC 33 38.5

70%PVC 49.5 53

PVC 79.5 78
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Here, the Tg values were taken as the temperatures that correspond to the loss tangent peak since they

coincide with Tg values determined by other methods, for example, free volume studies 34 . In this attempt,

the effect of irradiation on the T'g s of the blends were compared with both homopolymers, PVC and

ENR. Interestingly, a shift of Tg towards higher values with irradiation is observed for blends as well as

for the homopolymer ENR. On the contrary, a slight drop in Tg is noted for irradiated PVC compared to

the un - irradiated one. This clearly implies that the increase in T'g s of the blends on irradiation could be

attributed to the radiation - induced crosslinking of the ENR phase. Again this findings correlate well with

the results on gel fraction. On the other hand, radiation - induced degradation by liberation of HC1 12'25

may account for the drop in the Tg of PVC. Interestingly results show that at the range of dose employed,

the degradation of PVC did not show considerable influence on the mechanical properties of the PVC

which is in perfect agreement with the report by Landfield35. Subsequently, this observation reaffirms the

important role played by ENR in improving the physical properties of the blends under prevailing

irradiation conditions.

Another salient point is a single Tg, intermediate between that of irradiated PVC and ENR, noted for the

irradiated blends. This conforms with what is generally expected for any miscible polymer - polymer

system 36'37. Furthermore this findings is in accordance with those reported by several researchers 3"814

working with miscibility of un - irradiated PVC / ENR50 blends. Consequently, it is evident that the

irradiated PVC / ENR50 blends are also miscible, presumably, irradiation enhances the miscibility. With

regard to the blend miscibility, further evidence is needed in order to prove that irradiation improve the

miscibility of the PVC/ENR50 blends.

CONCLUSIONS

The effects of EB irradiation on the mechanical properties of PVC / ENR50 blends are found to be greater

than that observed in individual polymers. Studies also reveal that this improvement in properties is not a

simple function of crosslinking of the ENR50 phase. Another factor which could contribute towards the

enhancement is believed to be the increased interaction between the two different polymers involved

which lead to the improved miscibility of the blends. However, the irradiation degradation of PVC which

were noted has to be taken into account in order to maximize the positive effect of irradiation on PVC /

ENR50 blends before embarking on a specific blend recipe in relation to application.
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ACCELERATOR MICROANALYSIS

Claudio Tuniz
Australian Nuclear Science and Technology Organisation

Menai, 2234 NSW Australia

Abstract

The Australian Nuclear Science and Technology Organisation (ANSTO) is involved in advanced
research programs based on the use of nuclear science and technology for materials microanalysis.
This paper is a review of accelerator-based probes to characterise environmental, biological and
industrial materials. Most examples are inspired by the ANSTO research program.

1. Introduction

Particle accelerators have been developed more than sixty years ago to investigate the nuclear and
atomic structure. A major shift toward the use of accelerators in the analysis of materials
composition and structure for scientific and industrial applications has been witnessed in the last two
decades. Tandem Van de Graaff accelerators have evolved into specialised tools for ion beam
analysis (IBA) and accelerator mass spectrometry (AMS). Synchrotron accelerators have become
dedicated facilities, optimised for emission of bright electromagnetic radiation, an ideal
microanalytical probe for biology, materials science and other disciplines. Finally, high-energy
proton accelerators are used in spallation sources for producing pulsed beams of neutrons to
characterise the structure of matter in condensed states.

2. Ion accelerators

Ion accelerators used for analysis of materials are, for the most part, either single-ended or tandem
type Van de Graaff accelerators. Very often these are machines which were originally constructed
for nuclear physics research and have been tumed to other uses as the effort in low-energy nuclear
physics faded away. On the other hand, the field has grown to such an extent that machines designed
specifically for analytical applications now exist.

Two ion accelerators are available at the Lucas Heights Science and Technology Centre, a 3 MV
single-ended Van de Graaff accelerator and an 8 MV Tandem Van de Graaff accelerator.

In the 3 MV Van de Graaff accelerator, positive ions are produced from neutral gasses such as
hydrogen and helium. The choice of ion type and its energy depends on the elements of interest in the
material being analysed. This accelerator was installed in 1963 to produce neutron beams with
characteristics suitable to study materials of interest in reactor design. The original research program
was related to studies of neutron-induced reactions and fission. In the last 20 years, research
programs related to ion beam applications in science and industry became dominant.

The ANTARES tandem accelerator is based on the FN tandem accelerator originally built by High
Voltage Engineering for Rutgers University (New Jersey, USA). Since its arrival in Australia, in
1989, the accelerator has undergone a complete refurbishment and upgrade. Major items in this
transformation are: use of SF6 insulating gas, new spirally-inclined accelerator tubes, Pelletron
charging system, 60-sample computerised ion-source, high resolution and high rigidity injection
magnet and fast sequential isotope injection [Tuniz, 1997a]. Versatility is allowed by multiple
beamlines for ion beam analysis and accelerator mass spectrometry.

3. Ion Beam Analysis

Ion accelerators provide a variety of MeV-energy ion beams. Advanced methods for production and
focusing of ion beams have been developed over the last decades. Ion beams lose energy by

63



ionization of the atoms composing the stopping material caused by the interaction of the Coulomb
field of the projectile with the atomic electrons and also by nuclear scattering from the nuclei of the
atoms. The range of ion beams in materials is short, with a relatively well defined end point. By
comparison, x-ray beams are attenuated according to an exponential law and sample a much greater
amount of material.

Ion beams are used for trace element determinations using the characteristic x rays produced in the
ionization process. Ion beams can also interact directly with atomic nuclei. Nuclear reactions,
including elastic and inelastic scattering or Coulomb excitation, are useful to identify specific
elements and nuclides present in the sample. Concentration of individual elements or isotopes as a
function of depth is possible using narrow nuclear resonances and energy loss of ions as they travel in
the material.

Detection methods for x rays, y rays, charged particles and neutrons have been developed in parallel
with the development of accelerators, ion sources and other instruments necessary for the production
of ion beams. This work has been driven by the need for basic understanding of nuclear physics, by
practical considerations related to nuclear power, medical applications, etc. Many of the analytical
uses of ion beams have also stemmed from the applicability of these methods to study semiconductor
materials used for production of various types of electronic devices.

Combination of different ion beam analysis techniques such as particle induced x-ray emission,
nuclear reaction analysis, activation analysis and elastic recoil detection can be used to determine
elemental compositions for elements from hydrogen to the transuranic elements.

3.1 Proton induced X-ray emission (PIXE)

PIXE is by far the most widely applied of all ion-beam related techniques used in analysis of
environmentally related materials. PIXE is used for the routine detection of elements with atomic
numbers greater than perhaps 13 using simple energy-dispersive x-ray detectors. The detection limits
are not constant across the periodic table, but are extremely good in many critical regions such as for
the transition elements and for heavy elements such as lead and mercury. It can be used in different
modes: broad beam for analysis of bulk samples and microbeam for measurement of individual
features. Maps of the composition of heterogeneous samples can be obtained by rastering the beam
across the sample and making a point-by-point determination of the elements present.

3.2 Nuclear reaction analysis (NRA)

Nuclear reactions are used to make sensitive determinations of many specific isotopes. In general,
nuclear reactions and elastic scattering are used for detection of specific elements/isotopes
throughout the periodic table. However, nuclear reaction analysis is particularly helpful for elements
with Z < 20 since the sensitivity of PIXE decreases rapidly for smaller atomic numbers. Strongly
resonant nuclear reactions induced by 15N and 19F beams are used to probe the concentration of
hydrogen as a function of depth. Inelastic scattering of protons (PIGE - proton induced gamma-ray
emission) is used to detect Li, B, F, Na, Mg and Al. (d,p) reactions can determine the concentration
of oxygen and carbon.

3.3 Elastic Recoil Detection (ERD)

When incident ions interact elastically with target atoms, the target atoms are knocked forward. By
measuring the energy of the knocked-on atoms, information on their concentration and depth can be
obtained.

The ERD system on the ANSTO tandem accelerator uses 77-MeV iodine beams to measure depth
profiles for a variety of elements. Measurements of time of flight and energy provide unambiguously
elemental depth profiles. This analytical system has been used by ANSTO groups in studies related to
high temperature superconductors and other projects based on surface characterisation.
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3.4 Ion microprobes

Ion microbeam analysis uses an ion beam focussed to y.m dimensions to image material samples.
The imaging can be performed by using secondary radiation induced by the primary ion beam, such
as x-rays and nuclear reaction products, or by using the energy loss of transmitted primary ions.
Pioneering studies with proton microbeams (50 nm diameter) were performed in the mid sixties at
the Lucas Heights 3-MV accelerator [Mak, 1966]. These first experiments paved the way for the
modem nuclear microprobes, characterised my sub-micron lateral resolution [Breese, 1996].

A heavy-ion microprobe is presently being developed at ANT ARES, the ANSTO tandem accelerator,
for surface imaging and depth profiling. This nuclear microprobe is designed to focus a variety of
ion beams, including iodine, to lateral dimensions of less than 10 \im.

3.5 Case studies

Aerosols
There is strong international interest in the environmental monitoring of fine particles in the
atmosphere. This interest stems from the possible effects of fine particles on health and on global
climate change. Recent studies suggest that 50,000 deaths a year are caused in USA by fine particle
pollution. These studies are concerned with fine particles of 10 \xm diameter or less. The source of
these particles are combustion processes from automobiles, fossil fuel burning and industrial
processes. ANSTO is involved since 10 years ago in studies on the impact of atmospheric fine
particles in Australia [Cohen, 1996]. Different IB A techniques are applied simultaneously to
thousands of samples to determine the elemental composition of atmospheric aerosols, viz. PIXE (for
elements from Si to U), PIGE (for Li, B, F, Na, Mg and Al), PESA - Proton Elastic Scattering
Analysis - for H, C and N analysis and RBS (all elements except H). All elements can be determined
with sensitivities from 50 pg/m3 to 50 ng/m3.

Synroc
Synroc has a high leach resistance in aqueous media. It is difficult to use H2O to measure the
hydrogen incorporated in Synroc, also for the ubiquitous presence of hydrogenous surface
contamination. The use of D2O provides a more sensitive and reliable method for this kind of
studies. ERD techniques have been used at ANSTO to study deuterium depth penetrations and
concentrations in Synroc samples to evaluate the chemical reactions taking place during the
dissolution of this material at different temperatures [Dytlewski, 1996].

4. Accelerator Mass Spectrometry

AMS incorporates an ion accelerator and its beam transport system as elements of an ultra-sensitive
mass and charge spectrometer [Tuniz, 1998]. Multiple selection stages for energy, momentum,
velocity and atomic charge plus final identification of nuclear mass and charge with an ion detector
makes possible measurements of isotopic ratios some four or five orders of magnitude smaller than is
possible with conventional mass spectrometry (MS). The high isotopic selectivity of AMS enables a
dramatic reduction of the backgrounds that plague MS: molecular and isobaric interferences and tails
of abundant neighbouring masses. For instance, AMS allows an isotopic sensitivity of less than one
part in 1015 for 14C, 10Be and other radionuclides occurring in nature at ultra-trace levels. The
sensitivity of AMS is unaffected by the half-life of the isotope being measured, since the atoms, not
the radiations that result from their decay, are counted directly. Hence, the efficiency in the
detection of the aforementioned radionuclides improves by several orders of magnitude, depending
on the half-life of the radionuclide being measured. The size of the sample required for the analysis is
reduced accordingly. Also some stable isotopes, often present in the environment at very low
concentrations, such as the rare earth elements (REE) and the platinum group elements (PGE), can
be detected by AMS with better sensitivities than low-energy MS.

In the last 15 years, AMS systems have been developed at more than 40 laboratories for the detection
of low-abundance radionuclides in environmental, archaeological, biomedical and industrial samples.
Electrostatic tandem accelerators are the optimum choice for a variety of AMS applications. Small
tandems (1.7 - 3 MV) have been specifically designed for MC analysis. These relatively low-energy
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tandems can also be used to detect other long-lived radionuclides, such as 10Be, 26A1 and 129I or stable
isotopes. Larger tandem accelerators, originally used for nuclear physics research, can be upgraded
and used to analyse a variety of rare radionuclides.

Other accelerators, such as cyclotrons, have been also used in AMS. Cyclotrons allow the
achievement of high ion energies by repeated application of relatively low electrostatic fields.
However, the principle of cyclotron operation applies only to a specific ion mass so that it can be
used to reject unwanted masses with high resolution. Cyclotrons were used for early AMS
measurements of some long-lived cosmogenic radionuclides such as 10Be and 26A1. A mini cyclotron
has been used to detect 14C at natural abundances, but the practical use of this system will require
further developments to allow precise measurements of isotopic ratios.

4.1 AMS with tandem accelerators

In AMS, the element of interest is chemically separated from the original sample and loaded as a
target in the sputter ion source of the tandem accelerator.

Negative ions are produced in the ion source and, after a pre-acceleration stage, their mass is
analysed by a magnetic field. Following injection into the accelerator, negative ions are attracted by
the positive voltage at the terminal and thereby accelerated to high energies ( a few MeV), at which
point they pass through a gas or a foil stripper located at the terminal and stripped of some of their
electrons. Multi-charged positive ions are then further accelerated by the same positive voltage on the
terminal. Following the acceleration, combinations of magnetic and electric fields select momentum,
energy and velocity of the ions. High-resolution Wien filters, electrostatic analysers, and double
focussing magnets provide the selectivity necessary to separate the radionuclide of interest. Finally,
the identification of the rare isotope, accelerated at energies of 10-100 MeV, is performed in the ion
detector. Depending on the isotopes to be counted, a variety of detectors are available for this final
stage of the AMS spectrometer such as ionisation chambers and time-of-flight detectors. Energy,
stopping power, range and velocity can be measured to identify the isotopes of interest.

The main advantages of tandems for AMS are firstly, the use of sputter sources producing negative
ions and secondly, terminal stripping. The first feature is important as most elements form negative
ions and many radionuclides can be analysed. In addition, there are some favourable cases where the
interfering isobar does not produce negative ions, e.g. 14N in the analysis of I4C and 26Mg in the
detection of 26A1. The stripping of 3 or more electrons at the terminal of the tandem is a powerful
stage to reject molecular interferences which are the main limitation for conventional MS.

High precision AMS analysis is carried out by either using simultaneous injection or rapid sequential
injection of the isotopes of interest, in order to overcome variability in source output and accelerator
transmission. Simultaneous injection restricts the range of masses analysed and has been recently
adopted in commercial accelerators dedicated to radiocarbon analysis. Sequential injection allows
the development of a more universal system, suitable for the high precision analysis of a wide range
of isotopes.

4.2 Long-lived radionuclides

Radionuclides are used as tracers and chronometers in many disciplines: geology, archaeology,
astrophysics, biomedicine and materials science. Low-level decay counting techniques have been
developed in the last half century to detect the concentration of cosmogenic, radiogenic and
anthropogenic radionuclides in a variety of specimens. The radioactivity measurement for long-lived
cosmogenic radionuclides, such as 10Be, 14C, 26A1,36C1, is made difficult by low counting rates and
in some cases the need for complicated radiochemistry procedures and efficient detectors of soft beta
particles and low energy x rays . AMS can measure cosmogem'c radionuclides in geological samples
up to 106 times smaller then those required for conventional techniques, allowing novel applications
in geology and environmental science.

An Accelerator Mass Spectrometry (AMS) system has been developed at ANSTO for the detection of
carbon-14, iodine-129 and other long-lived radioisotopes. This AMS spectrometer is a key instrument
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for scientific projects Involving global climate change studies and international nuclear safeguards.
Another Australian facility, the AMS spectrometer at the Australian National University, is being
used to measure plutonium and neptunium isotopes for environmental and biomedical applications
[Fifield, 1997].

4.3 AMS microprobes

Secondary Ion Mass Spectrometry (SIMS) is used for isotopic analysis with high sensitivity and
micron-size space resolution. It makes use of a sputter ion source and a mass spectrometer for
analysis and detection of the KeV secondary particles (positive, negative or neutral) produced. The
use in a SIMS system of an AMS spectrometer improves the detection limit for many elements by
several orders of magnitude. This technique is sometimes referred to as super-SIMS.

The first studies with super-SIMS systems showed that limitations arise from contamination by
impurities in the Cs sputtering beam and from materials used in the construction of the ion source.
Special designs have therefore been developed using magnetic analysis of the sputtering beam and
construction of the source from high purity silicon. The super-SIMS system developed at the
University of North Texas and Texas Instruments, allows bulk sensitivities of 1013 atoms/cm3 for
several elements in the periodic table and may be used for both bulk and depth profiling
measurements.

The AMS requirements in super-SIMS do not require high acceleration energy and 2 to 3 MV
tandems can be used for the determination of trace elements in geological samples.

A super-SIMS facility, AUSTRALIS, dedicated to the in-situ microanalysis of geological samples, is
being developed at the CSERO in Sydney [Sie, 1997]. This system will be used to measure the
fractionation of PGE and REE in petrogenic studies. Other applications are related to detect precious
metal distributions in ore minerals.

4.4 Case studies

Global Climate Change
Ice cores are providing the best source of preserved air from which to reconstruct levels of
greenhouse gases over recent centuries to millennia. Ice cores from Law Dome, East Antarctica,
characterised by high accumulation rates but minimal summer melting, provide an unparalleled time
resolution through the Holocene and possibly beyond. In addition, air extracted from the firn permits
direct comparison of entrapped trace gas concentrations with modern records. One of the problems is
that recent CO2 growth rate variations are difficult to interpret due to the smearing of ice-core signals
induced by the diffusion of air in the firn. In collaboration with the CSIRO Division of Atmospheric
Research, we recently succeeded in using the MC "bomb spike" to determine the age spread and age
of CO2 in Antarctic ice and firn [Levchenko, 1996].

Nuclear Safeguards
Nuclear activities such as reactor operation, fuel reprocessing and uranium enrichment introduce into
the environment long-lived radionuclides such as 121 and 36C1. Accelerator mass spectrometry (AMS)
is the analytical technique of choice for the practical analysis of these radionuclides in natural
specimens. Isotopic concentrations of 106 atoms per gram and isotopic ratios of 1 part in 1015 can be
detected in very small samples taken from a variety of environmental materials such as water, air, soil
and biota [Tuniz, 1997b]. In collaboration with the IAEA and with the support of the Australian
Safeguards Office, the ANSTO AMS group has recently analysed 129I in waters and sediments
collected by IAEA inspectors at various locations from a nuclear reprocessing plant.

Biomedicine
AMS provides a method for analysing long-lived isotopes of elements for which metabolic and
toxicological information is not available. Aluminium, for example, is now considered to be a toxic
element, whose accumulation has been identified as the cause of diseased states in chronic renal
failure patients. Although still a highly controversial issue, Al has also been implicated in the
aetiology of Alzheimer's disease. Yet, aluminium compounds have been used since last century in
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water treatment. Without an appropriate radioisotope and being a monoisotopic element, conventional
studies of aluminium metabolism have been restricted to large dose quantities of stable Al and as such

26

do not reflect normal physiology. Detection via AMS of the long-lived radioisotope Al administered
at ultra-trace levels and thus with negligible radiation damage can provide a new avenue to understand
the role aluminium plays in biological systems. In a collaborative project, the ANSTO AMS group
detected the presence of 26A1 in the brain tissue of Wistar rats gavaged with drinking water containing
70 becquerel doses of 26A1 [Walton, 1995].

5. Synchrotron radiation

ANSTO manages the Australian Synchrotron Radiation Program (ASRP) which provides Australian
researchers with access to synchrotron radiation facilities at overseas synchrotron light sources. These
are the Australian National Beamline Facility (ANBF) at the Photon Factory, Tsukuba, Japan, and the
Advanced Photon Source (APS) at the Argonne National Laboratory in Chicago, USA.

The Photon Factory is a 2.5 GeV second generation synchrotron light source. The ANBF is installed
on a bending magnet port and uses monochromatic synchrotron X-rays in the energy range 4.5-20
KeV. The main instrument is a diffractometer with a detector based on image plates.

The APS is a 7 GeV third generation synchrotron light source, characterized by X-ray beams a
thousand of times brighter than the Photon Factory. The ASRP has joined two Collaborative Access
Teams (CAT), the Synchrotron Radiation Instrumentation (SRI) CAT and the Consortium for
Advanced Radiation Sources (CARS) CAT.

The aim of the SRI-CAT is to develop and implement strategic SR instrumentation based on the use
of sub-micron spot size beams, time-resolved spectroscopy, high energy X-ray beams (up to 200
KeV), etc.

CARS are organised along specific disciplinary lines. Australia, via the ASRP, is a member CARS,
with guaranteed access to the BioCARS and ChemCars beamline facilities. BioCARS promotes the
understanding of basic biological processes providing facilities for X-ray crystallography.
ChemMatCARS will support condensed matter studies based on small and ultra-small x-ray
scattering and time resolved crystallography.

5.1 XRF microscopy

X-ray fluorescence (XRF) spectroscopy is one of the oldest analytical tools based on x-rays.
Synchrotron radiation (SR) has unique properties, very desirable in high-sensitivity elemental
analysis using XRF:

• high brightness
• wide energy spectrum
• high degree of polarisation

In general, instruments utilising XRF to obtain two-dimensional maps of element distribution with
microscopic resolution are called x-ray microscopes (XRM). The primary requirement for an XRM
is a micron-size beam of SR characterised by a high intensity flux.

Focusing of energetic photons is difficult because of the short absorption depth and the refraction
index being less than unity. The focusing itself is based on refractors that have bent shapes and
usually result in more or less monochromatic beams [Zontone, 1991].

Scientists from the Free University of Amsterdam constructed a focusing device at Daresbury
(SERC) with bent silicon crystals, which can increase the photon flux more than 104-fold. A double
elliptical mirror (Kirkpatrick-Baez) geometry was designed by the Lawrence Berkeley Laboratory
that uses parallel beams of photons to produce an image that is demagnified by about a factor of 100
to produce final images of a few micrometers. The mirrors used are multilayers of tungsten carbide
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that give a quasi-monochromatic beam in the sample plane. Most recent developments are Fresnel
zone plates and tapered glass capillaries. A photon flux of 1010 photons per sec and per |j.m2 and a
minimum detection limit below 1015 g have been obtained at ESRF using a conical glass capillary.
This system has been recently used to produce elemental images of fly-ash particles.

6. Neutron beam analysis

The following properties make thermal neutrons very valuable micro-analytical probes:

• deep penetration in materials, useful for in situ studies in furnaces and pressure vessels, in
industrially relevant conditions;

• scattering properties suitable for providing contrast between hydrogen and deuterium, a
widely used technique to study biological materials, polymers, colloids etc.;

• wavelengths comparable with spacing between atoms, so that neutron scattering provides
unique information on atomic structure.

• the magnetic moment of the neutron makes it a unique probe to study magnetic structures.

The traditional means of producing neutrons is by fission in a nuclear reactor. The neutrons produced
from such sources are thermalised in a moderator and their wavelength is selected by Bragg
scattering from crystal monochromators. Several neutron scattering instruments are available at
HIFAR, the ANSTO reactor. In the last few years, ANSTO has coordinated access for Australian
researchers to the neutrons produced by ISIS, the spallation source at the Rutherford Laboratory in
United Kingdom. ISIS produces neutrons by bombarding a heavy metal target (uranium or tantalum)
with a pulsed beam of protons (2.5 1013 protons per pulse) accelerated to 800 MeV. Some 25
neutrons are produced for each proton hitting the target. These neutrons are then slowed down in the
moderator (water, liquid methane or liquid hydrogen) and used in a variety of techniques such as
small-angle scattering, powder diffraction, reflectometry and radiography. The research program
spans a variety of scientific applications in biology, condensed matter physics, polymers, surfaces,
advanced materials and metallurgy.

7. Conclusions

Determining structure and composition of materials is a fundamental requirement in research and
industry. Ions, photons and neutrons produced by particle accelerators offer an array of probes and
microscopes, which can provide effectively this information.
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Introduction

Mt Ruapehu, a 2797 metre high volcano, is one of several volcanoes in the centre of the
North Island of New Zealand (see fig. 1). It erupted on the 23 September 1995, emitting
large quantities of ash, the first time it had been this active for 50 years. Further eruptions
followed in 1996. In the first six weeks after the onset of activity, it was estimated [1] that
7.6 million cubic metres of ash fell into the 1500 km2 water catchment area of the Rangipo
hydroelectric power station.

The Rangipo station was commissioned in 1983, and consists of two 63 MW turbines,
representing about 2% of the national generating capacity. It is the highest station in an
extensive hydroelectricity scheme involving 11 power stations owned by the Electricity
Corporation of New Zealand (ECNZ). Rangipo is fed from a small dam on the Tongariro
River, and operates under a net head of 210 m. The station, located underground, is
normally unmanned, and controlled from another station 25 km away. Ironically, the two
turbines had been refurbished only months before the eruption. During the six months
following the initial eruption, it was estimated that some 20% of the ash deposited in the
catchment area was washed into the turbine water. In the first six weeks, regular inspections
indicated only a slight increase in the normal erosive wear within the turbines. However,
major damage followed, primarily during a very wet six week period when inspections were
not possible due to the generators operating at maximum output. Erosion in some regions of
410 stainless steel components, such as wicket gates and cheek plates, had approached rates
of 3 mm per week. Both turbines were shut down on 25 April 1996 as a consequence of this.

Soon after the eruption, ash concentrations of up to 2000 ppm in river water were recorded,
depending on the rainfall [2]. The ash has a hardness ranging from the equivalent of stainless
steel through to tool steel [3]. Although the turbines have been repaired, and the station was
back in operation by the end of 1996, an on-going research programme continued. It had
been estimated that the washout of the volcanic ash from the watershed area may take more
than five years. Furthermore, a resumption in volcanic activity is possible. As part of the
research programme, Industrial Research Ltd (IRL) was contracted to investigate improved
materials and surface treatments for turbine components [4], and Geological & Nuclear
Sciences was asked to develop a monitor to warn station operators should water entering the
turbines become excessivly erosive. In fact, GNS became involved in both projects through
the use of TLA.

Thin Layer Activation Technique

TLA is a technique which has been available for over 20 years [5]. We have used it to
monitor rates of corrosion in pressure vessels of the pulp and paper industry, and pipelines
associated with petrochemical industries [6-9]. TLA is based on directing a beam of energetic
nuclear particles onto a surface, usually metal, from an accelerator. As the particles penetrate
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the surface, energy is lost by collisions, primarily with the electrons of substrate atoms.
While the energy of the incident particles remains above a threshold, some of them will
undergo nuclear reactions with the substrate nuclei. If the product nuclei of these reactions
are radioactive, then the target surface will be labelled with a depth profile of radioactivity.
Only about 1 in 1010 of the target nuclei will be changed, so the metallurgical properties of
the surface are therefore unaltered.

If the labelled surface is subsequently exposed to some process which attacks and removes
it, the ensuing surface metal loss can be monitored simply by measuring the proportion of
radioactivity left. Unlike other techniques, the advantage of TLA is that it has a direct
correspondence with surface loss, be it wear (tribology), erosion or corrosion. It is, however,
imperative that the removed surface is transported away from the activated site. For example,
TLA will not work where a corrosion product continues to adhere to the corroded surface.

There is frequently a choice of activating nuclear reaction. It is usual to pick a beam and
reaction that produces a radioactive product which decays with a suitable long half-life, and
emits penetrating gamma rays. The gamma radiation allows the activated surface to be
monitored through several centimetres of steel. In general, TLA has a sensitivity of about
1 % of the maximum implant depth. Therefore, if high depth resolution is required, it is
necessary to reduce the implant depth, either by lowering the incident particle energy, or by
tilting the surface to the beam. In our applications, we use a 6 MV Van de Graaff accelerator
which delivers an external beam of about 1 pA of 12 MeV protons. A typical depth profile,
showing % activity remaining against depth of surface removed, is given in fig. 2. The
reaction used is 56Fe(p,n)56Co. The radioisotope 56Co decays with a half-life of 78.8 days and
principal gamma ray emission of 846 keV. The activated area is about 9 mm in diameter,
and is almost uniform in depth.

Laboratory Materials Evaluation

The repair of the turbines by ECNZ used replacement components which were either plasma
nitrided or plasma coated [1]. After 8 months of use, inspection revealed that some sections
of nitrided surfaces had begun to spall. Similarly, the tungsten-cobalt layer which was plasma
coated on other components had failed at one site. It is too soon to comment on the
performance on the underlying Bisalloy which was used to replace the stainless steel of the
original components.

In order to compare new materials and coatings for long-term replacement, IRL devised a
jet erosion test rig to simulate conditions within the Rangipo turbines [10]. The rig consists
of a stirred 2000 litre tank, filled with 900 litres of water to which volcanic ash is added.
The water/ash slurry is pumped from the base of the tank to a 6.35 mm ceramic nozzle
contained within a 0.3 m diameter test vessel. The jet from the nozzle, usually at a velocity
of 30 m/s, is directed onto the test disc at a distance of 60 mm and an impact angle of 45°.
The disc is attached to the underside of the horizontal top flange of the test vessel, and slurry
completely fills the test vessel. Excess slurry drains from the bottom of the vessel back into
the main tank. An oversized variable speed pump ensures that the flow rates are accurately
set, and a heat exchanger in the main tank provides constant temperature.

External monitoring was required of the surface loss suffered by the test disc due to erosion
by the jet impact, and the TLA technique was chosen to supply this. The discs were activated
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by the 56Fe(p,n)56Co reaction to 230 /urn depth and 0.7 MBq radioactivity. The gamma ray
emission was measured with a Csl/photodiode detector assembly mounted on the top flange,
50 mm above the disc. A calibration source was prepared at the same time, and this could
be exposed to the detector without shifting the assembly. Such comparison of activities
eliminates natural decay as a variable. Typically, TLA measurements were taken over 15
minute counting periods, and tests usually ran over 48 hours. Differences in erosion rates
could be determined within 4 hours. This enabled tests in which the levels of volcanic ash
were increased from 0 to 500 ppm, and in which the jet velocity was varied without stopping
the test or removing the test sample. A typical result [10] is shown in fig. 3. Repeatability
suggested a measurement accuracy of ±3 fim.

Automatic Monitoring System

The second project was to devise an automated system which would alert Rangipo station
operators to the presence of erosive ash in the feed water. An attempt had been made to
achieve this using the turbidity of the water; it failed [2]. IRL scientists thought that only a
direct measurement would be acceptable. Their estimates suggested that erosion on the cheek
plates at the Rangipo power station was about 3 fim/day prior to the Ruapehu eruption, and
up to 60 /^m/day after. An accuracy of about 1 ^m was wanted in a direct measurement,
beyond the levels attainable by conventional non-destructive test methods. TLA was again
requested. It was decided to replicate the laboratory test rig, with appropriate adaptations,
for installation at the power station. The 210 m head of water eliminated the need for a
pump, and the rig was placed between the two penstocks so that either could be sampled.

The major development was to automate the TLA measurement system. It was required to
operate for months unattended, but had to have sufficient sensitivity to detect erosive
conditions before significant damge was done, and be able to respond to interrogation from
remote operators. Hourly updates were deemed sufficient. A step-motor driven wheel was
added to the detector assembly to provide a sequence of three measurement positions within
that period. The first is a 35 minutes spell measuring the activated test rig disc. The next
position rotates a weak calibration 56Co source, prepared at the same time as test disc, for
a 5 minute exposure to the detector. The detector is normally shielded by 100 mm of lead
from the calibration source. Although the calibration source is enclosed in a lead housing to
block the detector from gamma rays of the test disc, some get through. Therefore, there is
an identical housing on another part of the wheel at which the calibration source was
completely shielded from the detector. The counting period at this third position is 25
minutes, allowing calculation of the net calibration count. An opto pair straddling a slot in
the wheel supplies a fixed reference point. Tests showed that the standard deviation in
surface loss measurements over a weekend was 0.2

The monitoring system is controlled by a Philips 80C552 microcontroller with sufficient
memory added to record the last 56 days of hourly data. This can be recovered by connecting
a laptop computer through a RS232C serial port. The software written for the laptop writes
the data to a file, and allows the operator to clear the microcontroller memory log. In
addition to this data recovery, the software has various maintenance procedures. These
include rotation of the wheel by a given number of motor steps, and counting to selected
precision. The latter is used to determine a background count rate. The automatic
measurement sequence can be altered. Date and time can be set, and the parameters
appropriate for the TLA depth profile can be altered. A procedure has to be followed
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whenever the disc or calibration source is replaced so that the initial ratio of counting rates
is determined. Variations from this are attributed to metal losses from the disc due to
exposure to the water jet.

ECNZ runs a SCADA system for digital data acquistion and machine control, linking power
stations with control centres. An interface for this was added to the TLA erosion monitor to
enable ECNZ computers to interrogate the microcontroller for the latest hourly data. This
is presented as a 32-bit word, one bit of which is a toggle which changes state to indicate if
the data has been upgraded since it was last read. The calculation and logging of loss rates
from the supplied surface loss data is a function of the ECNZ computing system attached to
the SCADA system.

Summary

The work presented here presents an unusual combination of natural catastrophe, heavy
engineering and nuclear science. The TLA erosion monitor has only recently been installed
to safeguard the Rangipo system and it is too early to report on its performance. Had it been
in place at the time of the volcanic eruptions in 1995, it would have avoided the need for
repairs which cost several millions of dollars. With further washout of ash expected, and the
possibility of a resumption in volcanic activity, the financial investment in the system can be
viewed as a wise precaution towards safeguarding capital plant.
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Figure 1. The Volcanic Plateau in the centre of the North Island, New Zealand
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Figure 3. Test rig results showing TLA measured erosion increasing with ash loading in water.
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ABSTRACT

The processing of amang, a by-product of tin mining industry has been going on in
Malaysia for a very long time. The process of extracting valuable minerals from
amang has resulted in the production of Technologically Enhanced Naturally
Occurring Radioactive Materials (TENORM). Radiological studies conducted on
amang workers have shown that they have a higher risk of being exposed to ionizing
radiation. Chromosomal aberrations studies revealed significant increase of dicentrics
among amang workers compared to the control. Amang processing was also shown to
have an impact on the environment especially through the degradation of the water
quality of the neighboring ponds. Processed and unprocessed amang also showed
cytotoxic and genotoxic properties on plants.

INTRODUCTION

For the past century, tin mining has been an important mining industry in Malaysia.
Besides tin, another important by-product of this industry is the valuable minerals.
Valuable minerals, such as ilmenite (FeO.TiO2), zircon (ZrSiO4), monazite ([Ce, La,
Y, Th] PO4), xenotime (YPO 4), columbite ([Fe, Mn][Nb, Ta]2O2), and struverite
(Ta/Nb bearing TiO2) and quartz sand are separated by high capacity, wet gravity
separation from the tin ore. The valuable minerals together with the quart sands are
collectively termed amang. Besides being valuable, these heavy minerals also contain
naturally occurring radionuclides, thorium and uranium. Purification and
concentrations of the valuable minerals have technologically enhanced these
radionuclides into what is commonly known as TENORM.

An overview by Hewson (1993) showed that the amang industry in Malaysia is a
small scale industry employing less than 1000 workers. The plants are relatively small
with 50% of the 60 plants employing less than 10 workers and 24% employing less
than 5 workers. Although this industry is small its activity has attracted a lot of
attention from both the government, radiation biologist, health physicists and
environmental scientists.

RADIOLOGICAL IMPACTS OF AMANG INDUSTRY

Studies by the Atomic Energy Licensing Board of Malaysia, have shown that the
uranium and thorium concentrations varies in Malaysian amang. Typically the thorium
concentrations are 7, 0.5, 0.25 and 0.02% in monazite, xenotime, zircon and ilmenite
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respectively. The uranium concentrations are 0.2% and 0.5% in monazite and
xenotime respectively (AEB, 1991).

Extraction of ilmenite, zircon, monazite and xenotime from amang involves wet
gravity separation, dry magnetic and high tension electrostatic separations. Such
process allows for the production of dust and suspended particles containing
radionuclides in the plant. Being a small scale industry, occupational hygiene is not a
priority. Without proper personnel protective breathing apparatus the workers are
constantly being exposed to the dusts and dust containing radionuclides enhanced by
the separation processes.

A radiological hazards assessment of 29 amang plants using data evaluated from
inhalation of airborne radioactive dust, radon and thoron progenies and external
radiation showed that the total dose received by workers were in excess of 5 mSv and
some even exceeded 15 mSv per year. At an occupancy factor of 0.8, 27.6% of the
plant studied could be classified as supervised area and 65.5% as controlled area. The
Atomic Energy Licensing Act, 308 (1984) of Malaysia, stipulated that the annual
maximum permissible dose limit for workers is 50 mSv. At an occupancy factor of 1,
the average annual dose due to airborne radioactive dust ranges from 0.72 to 116.60
mSv. The radon and thoron progenies ranges from 0.00 - 1.24 mSv and 0.03 to 1.19
mSv respectively. External radiation received by the workers were estimated to range
between 1.83 to 64.80 mSv. The above results also showed that certain areas
particularly adjacent to the magnetic separators, air shaking tables and monazite stores
registered extremely high estimated dose to the workers (AELB, 1991)

A radiation induced chromosomal aberration study among amang workers was carried
out by Zaidan and Ismail (1996). This study showed that workers who have been with
the plants for more than 12.9 years and exposed to radioactive dust showed
significantly higher frequencies of unstable chromosomal aberration compared to
control. Dicentrics, rings and fragments were considered as unstable chromosomal
aberrations. The study showed that the percentages of dicentrics and rings in amang
workers and control group were 0.231 ± 0.010 and 0.030 ± 0.010 % respectively. The
percentages of fragments were 0.282 ± 0.075 and 0.258 ± 0.061 % respectively. The
percent dicentric yield for control was within the range of between 0 - 0.160 ±
0.016% reported by others (IAEA, 1968; Bender et al., 1988; Al- Sabti et al., 1992).
The authors suggested that the higher frequency of dicentrics and rings and the
presence of more "older" dicentrics may be attributed to the length of employment.
Bearing in mind that ninety percent of lymphocytes have a half-life of 3 years, while
some have a life span of several decades (IAEA, 1986), the longer period of
employment may have resulted in the accumulation of aberrations. The association
between length of employment and the induction of dicentrics among amang workers
is shown in table 1. Workers employed for less than 5 years showed lower mean
dicentrics frequencies (0.065 ± 0.024%) compared to those employed for more than 5
years (0.258 ± 0.065%) (Table 1).
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ENVIRONMENTAL IMPACTS OF AMANG INDUSTRY

One of the step involved in amang processing for valuable minerals is gravity
separation. In this process, extensive amount of water is used. The water used is
eventually released into natural ponds and rivers. Any physical and chemical
properties of amang effluent are introduced into these waters. During dry separation,
amang dust is generated. This dust, together with those suspended by wind from open
air storage of unprocessed and semi processed amang are introduced into the
surrounding atmosphere. All these processes may provide some environmental
impacts on the neighboring environment.

Impacts on Neighboring Residents

A study was conducted to estimate the level of radiation exposure on people living in
the vicinity of one of the amang plant. Total dose received by the residents were based
on the sum of internal dose contributed by inhaled radioactive dusts, inhalation of
radon and thoron and their progenies and external radiation. These methods of
estimating total dose were similar to that employed by the AELB in estimating total
exposures to amang workers. Results obtained from 5 houses monitored showed that
the total dose for each house ranged from 1.87 - 2.39 mSv/year (Table 2). These
values (calculated based on an exposure of 7000 hr/year) were much lower than that
observed received by amang workers.

Major contribution towards the total dose came largely from external radiation
(measured using TLD 100 and TLD 200) and internal dose following inhalation of
radon gas. The average percentage contribution from external radiation and inhalation
of radon gas towards the total dose from all five houses were 52.05% and 41.94%
respectively. On the contrary, studies by the AELB (1991) showed that the major
contribution towards total dose to the amang workers came from inhalation of
radioactive dust (46.15%) and external radiation exposure (51.43%) (Table 3). The
discrepancy observed is not yet understood. A significantly high contribution from
airborne radioactive dust in amang plant is attributed to poor occupational hygiene.

Impacts on the General Environment

The impact of amang industry is not limited to radiological effect on man only. Using
micronucleus assay, Ismail et al., (1996a and b) reported that soil containing amang
induced cytogenetic abnormality in Setcreasea purpurea , a plant from the family
Commelinacea. The studies by Ismail et al. looked at the effects of unprocessed and
processed amang, i.e. amang that contains both sand and valuable minerals, and
amang that had the valuable minerals removed and are released into the environment.
Data from five different types of treatment parameters (i.e. different soil-amang
combinations and exposure time) showed that the number of micronucleus induced in
tetrad pollen mother cells of S. purpurea increased with the concentration of amang
soil and exposure time. However, this increase in micronuclei per 100 tetrads is not
continuous but decreases as the frequency of dead plants increase. Besides increasing
the number of micronuclei per 100 tetrad, both types of amang increases the number
of tetrads with more than one micronucleus.
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Ismail et al., (1996b) later discovered that besides radiation, acidity of amang may be
another major contributor for micronuclei induction in the tetrad pollen mother cells
of S. purpurea. The natural pH of amang is acidic, i.e. around pH 2.5. The magnitude
of micronuclei induction by natural acidic amang was twice that induced by amang
that was neutralized. However, the frequency of micronuclei induced in neutralized
amang was still significantly higher than control (soil with pH 6) (figures 1-3). Hu et
al., (1995) stated that soil acidity helps increase the solubility of radionuclides in the
soil. Neutralization of the amang-soil reduced the solubility of some radionuclides
(Williams and Kirchmann, 1990). Such reduction will reduce the uptake of natural
radioactivity into the plants and this subsequently means the reduction of radiation to
the plants.

Studies on one particular pond that received discharge from an amang plant showed
that the water's pH was very acidic ( pH 2.6). This was expected because the amang
itself has pHs ranging from 2.2 - 2.9. Preliminary studies on the water quality from the
pond showed values of pH, nitrate (7.6 mg/1), phosphorous (1.57 mg/1), ammoniacal
nitrogen (1.13mg/l), copper (2.65 mg/1), total iron (3.30 mg/1), manganese (3.5 mg/1)
were all higher than the Proposed Interim National Water Quality Standards of
Malaysia for class V water (DOE, 1986). Class V water is designated for water quality
other than that used for drinking, sports and irrigation. The levels for pH, copper and
manganese were also higher than the Standard B (downstream of catchment area)
prescribed for sewage and industrial effluent of Malaysia (DOE, 1979). These
exceptionally high parameter levels are not fully understood. Further studies are being
carried out with other water sources at different amang plants.

CONCLUSIONS

Studies on the radiological and environmental impacts of amang industry in Malaysia
revealed that amang processing is potentially hazardous to the workers and
detrimental to the environment. Total dose measurement have shown that the total
dose received by the amang workers were higher than the background and some may
be considered to have received a total dose higher than the Annual Permissible Dose
Limit for radiation workers. Chromosomal aberrations studies indicated the presence
of significantly high unstable chromosome aberration frequency in their blood
lymphocytes. This frequency appears to accumulate with employment period.
Fortunately such levels of exposures were not observed among the residents living
around the amang plant. Amang processing was also shown to have an impact on the
environment. Acidity of the processed and unprocessed amang showed cytotoxic and
genotoxic properties on Setcrease purpurea. Amang effluent also degrades the water
quality of the neighboring ponds. Further studies are being carried out to fully
understand other environmental impacts of amang processing.
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Table 1: Frequency of chromosomal aberrations induced in two employment
duration groups of amang workers*

Employment duration Mean dicentric Mean fragments
± S.E.M (%) ± S.E.M (%)

Less than 5 years 0.065 ± 0.024 0.305 ± 0.275

More than 5 years 0.258 ± 0.065 0.275 ± 0.093

* reproduced from Zaidan and Ismail (1996 )

Table 2 : Levels of doses measured at different
dwellings around an amang processing plant.

Locations Dd Dr Dt De D
(uSv/y) (mSv/y) (mSv/y) (mSv/y) (mSv/y)

R4 0.664 0.741 0.072 1.105 1.919

R6 0.587 0.906 0.216 1.269 2.392

R10 0.632 0.741 0.115 1.017 1.874

R32 1.586 1.071 0.115 0.998 2.186

R34 1.052 0.906 0.101 1.007 2.015

Da = internal dose following inhalation of radioactive dust
Dr = internal dose from inhalation of radon and its progenies
Dt = internal dose from inhalation of thoron and its progenies
De = external dose
D = total dose (mSv/year)
** All doses wferecalculated based on an exposure of 7000 hr/year
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Table 3: Percentage contribution from various dose measurements toward the estimated total dose exposures of amang plants and
houses neighboring one of the plant.

LOCATIONS

AN009
AN010
AN012
AN014
AN018
AN022
AN023
AN024
AN025
AN028
AN029
AN030
AN031
AN032
AN034
AN041
AN052
AN061
AN063
AN066
AN067
AN073
AN074
KLU581
KLU568
KK689
KLU579
KLU576
KK539

AVERAGE

RO4
RO6
R10
R32
R34

AVERAGE

Dz

71.95
63.61
16.31
19.33
33.92
47.50
56.12
26.74
17.46
77.41
68.25
73.08
69.47
31.25
73.92
74.19
80.97
41.27
39.80
59.74
50.54
43.92
14.54
43.01
9.62

23.38
38.74
17.80
54.53

46.15

0.03
0.02
0.03
0.05
0.05
0.03

ANNUAL INTERNAL

Dr

3.38
0.39
0.43
0.78
0.94
1.01
0.00
0.39
0.95
4.31
4.95
0.71
2.50
1.97
0.65
2.63
1.68
1.04
2.15
1.22
4.03
0.63
0.46
0.49
0.50
2.27
1.11
2.40
0.38

1.53

38.45
37.71
39.82
48.82
44.91
41.94

EXPOSURE (%)

D,
1.74
0.65
0.84
0.96
1.48
0.73
1.98
0.81
1.41
1.12
1.21
0.42
0.23
0.39
0.18
0.32
0.31
0.32
0.97
0.59
0.81
0.28
0.41
0.67
0.89
3.90
0.23
1.69
0.33

0.89

3.74
9.00
6.19
5.26
5.00

5.84

ANNUAL EXTERNAL
EXPOSURE(%)

De
22.93
35.35
82.41
78.93
63.66
50.76
41.90
72.06
80.19
17.15
25.59
.25.79
27:80
66.38
25.25
22.86
17.05
57.37
57.08
38.45
44.63
55.17

84.59
55.83
88.99
70.45
59.91
78.11
44.75

51.43

57.34
52.84
54.61
45.52
49.92
52.05

Note: All data of locations except those beginning with the letter R are taken from the AELB (19<H). report.
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Abstract

The Australian Nuclear Science and Technology Organisation (ANSTO) has for many
years been involved in applying nuclear science-based and related technologies to the
understanding of environmental processes and to the development and implementation
of practical and effective solutions to site specific problems, for a broad spectrum of
industry, government regulatory agencies, and other organisations in Australia,
Europe, North and South America and South East Asia. ANSTO's environmental
science program arose out of the need for research to predict, measure evaluate and
monitor the environmental impacts associated with: uranium mining and processing in
Australia; the operation of the research reactor at Lucas Heights; and the safe
treatment and disposal of radioactive and conventional wastes associated with these
activities. The expertise developed in these activities, has found application to a much
broader range of environmental concerns.

This paper provides an overview of ANSTO's application of nuclear science-based
techniques to a range of environmental studies. The examples given are the result of
work carried out by a large number of present and past ANSTO staff.

1. INTRODUCTION

Although nuclear weapons testing in the atmosphere has contributed a number of
radionuclides to the global environment, radioactivity is by and large a natural part of
our environment. Of the more than 5000 known nuclides some 95% are radioactive,
arising primarily from primordial elements such as uranium and thorium and their
daughter products, as well as from elements continuously being produced by
interactions with solar and cosmic radiation. These radionuclides, together with
measurement and analytical techniques developed over the years to understand and
quantify nuclear processes, provide a powerful suite of tools that are being effectively
applied to the study and understanding of processes occurring in the environment.

In the case of application of radioisotopes as tracers of environmental processes, some
of the earliest studies were carried out by scientists in the UK approximately 40 years
ago to investigate the fate of dredge spoils in the Thames River estuary. Advances over
the intervening years have been such that today highly accurate and specific
information on physical, chemical and biological processes in rivers, estuaries and
coastal environments may be obtained, often in real time, by selection of a proxy
isotope with the appropriate properties. Radioactive tracers may be naturally occurring
isotopes characteristic of the particular process under investigation, artificial isotopes
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introduced as analogues of natural products, or as labels on substances retrieved from
nature.

2. TRACER TECHNIQUES IN COASTAL ZONE PROCESS STUDIES

Nuclear techniques have a wide utility in coastal zone studies. Applications include
studies of the offshore dispersal of sewage, the migration of sand and sediment,
biological productivity and migration, and processes important to the biogeochemical
cycling of elements in the marine environment. They are particularly suited to
elucidation of the compartmentalisation and rates of processes, both presently
occurring and in past times.

Sustainable development in the coastal zone frequently involves complex decisions,
requiring balancing factors associated with competing land use claims with the impact
of associated engineering works on the environment. The investigation phase of a
major coastal engineering project is of critical importance. It normally involves the
development of a predictive mathematical model to define the impact of the proposed
works on local sand movement, where a coastal structure is involved, or the dispersal
of an effluent plume, where deepwater disposal of sewage is proposed. Radiotracer
techniques are important in verifying and calibrating such models.

2.1 Physical Processes

Sand mobility studies

Sand movements on the continental shelf, along or offshore from beaches, within
estuaries and river systems have been characterised using radiotracers.

ANSTO has carried out a wide range of tracing projects in Australia and South East
Asia including:

• sand mobility studies to optimise the location of dredging channels in port
developments;

• assessment of location of dredge spoil grounds by determining the proportion of
dumped material re-entering the shipping channel over periods of up to one year;
and

• the dynamics of sand migration in estuaries to assess the impact of proposed
development on the coastal zone.

The technique involves preparation of the labelled material, its injection in the area
being studied and subsequent monitoring of transport and deposition. The
investigations can extend from a few days to over a year, depending on the coastal
processes of interest. The artificial radioisotopes commonly used in sand and pollutant
dispersion studies are given in Table 1. Particular isotopes are chosen to suit the
duration of the investigation: 198Au (useful life 2 weeks), 51Cr (4 months), 46Sc (9
months), "OmAg (>1 year) and 192Ir (8 months).
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Table 1. Artificial isotopes commonly used in sand and pollutant dispersion studies

Radioisotope

Gold-198

Chromium-51

Iridium-192

Scandium-46

Principal
y-Energies

(MeV)
0.41

0.32

0.47
0.32
1.12
0.89

Half-life
(days)

2.7

27.7

74.0

83.8

Label Form

Surface coat
native sand

Surface coat
native sand

Glass grains -
integral

Glass grains -
integral

%
Label

0.3

0.3

0.3

0.3

The isotope is either adsorbed onto the surface of the natural material or incorporated
into a glass and ground and sieved to match the particle size distributions of the natural
material. The radioactively labelled material is released using remote handling
techniques and monitored on the sea bed with calibrated probes attached to a sled or
other device to ensure reproducible geometry. Quantitative estimates of the rate of bed
load transport can be made.

Figure 1 shows details of ANSTO's injection technique for tracer labelled sand. At
each release site, a single glass vial containing the radioactive tracer sand is transferred
from its shielded transport container into a brass holder previously loaded with two ICI
No 6 electric detonators. The vial is locked into the holder, lowered to the estuary
floor and the vial broken by detonation. This procedure releases the tracer sand and
induces preliminary mixing with the native bed sand.

Figure 2 illustrates the mathematical relationship between current velocity, threshold
velocity and sand movement in a tidal environment. The results of such sand movement
studies in a New South Wales river channel are shown in Figure 3.

Offshore sewage dispersion processes

The disposal of sewage and other effluents from large coastal cities in a way which
does not negatively impact on sustainable development is a major engineering
challenge. Typically, solutions to this problem involve some chemical treatment of the
sewage with subsequent dispersion through deep ocean outfalls. Radiotracer studies
provide 'highly accurate' three dimensional information on the transport and dispersion
of the plumes, and have been frequently used for post commissioning validation of
deep ocean outfall performance.

Two of the isotopes normally used for such studies are tritium and gold-198. The
gamma emitting 198Au can be measured in situ with immersed probes. The information
is combined with accurate positioning and depth data to provide a 3D picture of the
dispersing plume. Tritiated water (HTO) is an ideal tracer for the aqueous phase but
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must be measured in the laboratory. Also, separate isotope labels may be placed on
distinct plume components, such as tritiated water for aqueous phase, chromium-51 for
particulate material and gold-198 for the grease component. Water samples are
typically collected within the plume for subsequent tritium, chemical and
bacteriological assay in the laboratory.

The technique employed by ANSTO for in situ localisation of a sewage plume is
illustrated in Figure 4.

Figure 5 shows the results of a tracer study carried out by ANSTO for Sydney Water
on the sewage plume from the Malabar deep ocean outfall. In this study, the
radiotracer was metered over a three hour period into the sewage flow at the Malabar
Treatment Plant. The dilution of sewage was monitored at the diffusers, located at a
depth of 80 m and 4 km out to sea, and its fate studied over the next 30 hours. In
general, depending on the local current conditions, the sewage may rise to the surface
or remain trapped at depth and migrate southward or northward along the NSW coast.
In this case, it migrated southward. In this study the transport and dispersion data were
used to validate of the mathematical models for offshore sewage flow developed by
Australian Water and Coastal Studies Ltd (AWACS). The tritium data was used to
correct the measured concentrations of indicator bacteria for dilution effects and
thereby obtain a reliable measure of die-off rates in the ocean.

Similar investigations have been carried out on the much smaller system in Penang,
supported by AusAID and made in collaboration with the Malaysian Institute of
Nuclear Technology. Recently similar studies were undertaken by ANSTO with
AWACS of the Urmston Road sewage outfall in Hong Kong for the Environment
Protection Department.

2.2 Chemical Processes

Little is presently known of the natural concentrations and behaviour of trace elements
in marine systems, particularly in the case of Australian coastal waters. ANSTO is
utilising both natural and artificial radioisotopes to determine the in situ
biogeochemical behaviour of these elements, often associated with industrial and
sewage discharges, in several coastal systems. These studies have mainly focussed on
undisturbed systems in order to gain an understanding of natural processes needed to
interpret the behaviour of substances introduced by man.

Studies have employed artificial isotopes of trace elements, such as 59Fe and 54Mn for
example, to follow the behaviour of specific elements at extremely low concentrations,
typical of their naturally-occurring levels.

The in situ behaviour of manganese has been studied in detail using 54Mn. Along with
iron, this element is an important chemical scavenger in the ocean and thereby
influences the geochemistry of several other trace metals. Ferromanganous and
organic coatings on marine particles provide sites for adsorption and complexation of
dissolved trace metals and in general terms, marine particles grow through
accumulation of successive layers of these oxyhydroxide precipitates with surface-
bound organic and inorganic species. Once formed particles may remain in suspension
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as small colloids, aggregate, or associate with other particles until their density is such
that they fall vertically through the water column. These chemical processes account
for, in part, the ultimate removal of trace metals from surface waters to the sediment.

The results of these investigations have led to a better understanding of the behaviour
of trace elements discharged into coastal waters and of the mechanisms of particle
formation and adsorption, and have shown that the scavenging mechanisms can vary
considerably over very short temporal and spatial scales.

Further understanding of ocean particle scavenging processes have been developed
through studies of naturally occurring radionuclide tracers. Particularly suited to
studies of chemical scavenging in marine systems is the observed disequilibrium in
234Th/238U activities. 234Th, a daughter isotope of 238U with a half-life of 24.1 days,
provides a mechanism to trace processes with temporal ranges of days to months. The
activity of this tracer has been applied to determine the residence times of particles in
seawater and to interpret the behaviour of several dissolved trace elements.

The residence times (x) of suspended marine particles is calculated from measurements
of the 234Th/238U activity ratio using the equation:

T = TmxR/(l-R)

where xm is the mean-life of 234Th (I/decay constant = 34.8 days) and R is the
235Th/238U activity ratio. 234U activity is relatively constant at 2.41 dpm/L.

Residence times deduced for suspended particles in a recent study of northern
Australian coastal waters were found to vary considerably over a period of five
consecutive days. Residence times ranged from 0.66 to 9.2 days for large particles
(>10|im) and 4.2 to 23.4 days when all particles >0.5|im were considered. Dissolved
residence times ranged from 30 to 64 days. At each sample site the residence time of
dissolved 234Th was much longer than that of particulate 234Th implying the rate of
uptake is much slower than the rate of removal and limits the ultimate, or total,
scavenging of 234Th from the water column. These results are comparable to data from
the North Atlanatic, rather than to coastal and shelf systems reflecting the extremely
oligotrophic nature of tropical northern Australian coastal waters.

Results of dissolved trace metal analyses of samples corresponding to 234Th sites
showed trace metal concentrations to vary from values typical of urbanised coastal and
shelf waters to the very low values typical of open ocean systems. Furthermore they
were found to decrease in concentration in synchrony with observations of decreasing
particulate 234Th residence times and differences in scavenging efficiency and possibly
mechanisms were evident.

3. INVESTIGATIONS OF BIOLOGICAL PROCESSES

Radioactive isotope tracers can be used to study a variety of biological processes in
coastal systems. For example, they can be used to assess spatial and temporal
fluctuations in carbon assimilation for any selected components of the ecosystem to be
studied. These measurements give insight into the autochthonous primary productivity,
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which is the basis for a sustainable environment in most cases. Tracers can also be used
to track the dispersion of organisms from a point of release. In addition, field and
laboratory studies of bioaccumulation and distribution between organs of labelled
chemical species fan be made using radioisotopes. These studies can give information
relevant to the underlying mechanisms by which organisms and their environment
interact. The same work can also give information on the rates and extent of uptake
and loss by the organisms. For these the biological half-times for retention can be
determined and, with estimates of distribution and abundance, the flux rates for
compounds through biological systems can be assessed.

4. RADON AS A TRACER FOR ATMOSPHERIC TRANSPORT
STUDIES

While ANSTO's earlier research activities concentrated on the investigation of physical
processes controlling radon and radon decay product transport in various
environments, current emphasis is on transport in the atmosphere and in porous media
and on associated environmental applications.

Until recently climate change research has focussed on the effects of greenhouse gases
and model predictions of global warming have not matched well the observational data
over the past 30 years. Currently, there is renewed interest in atmospheric fine particles
and the effects of sulphate aerosols - a by-product of coal burning for power
generation - in the lower atmosphere, as well as a general ozone depletion in the
stratosphere. The incorporation of the three factors, fine particles, ozone depletion and
greenhouse gases into climate models provides better matching with observational
data. To predict properly global climate warming a better understanding and
characterisation of all factors included in these atmospheric models is required.

Radon is being used to trace the movement of air masses on a global scale. This use is
based on three properties of radon: it is emitted from land but not from the ocean, so
that air masses bearing radon have been in contact with a continent; it has a half life of
about 4 days, which means that air long away from land is free from radon; and it is
inert, free from complex interactions in transit which would confuse interpretation of
measurements. At baseline atmospheric observatories, set up to monitor global
changes in greenhouse gases, air masses free from radon can be considered to
represent a large proportion of the atmosphere at the measurement latitude. Samples
bearing radon are likely to be polluted by recent passage over cities.

Prior to 1980, radon detectors were either not sufficiently sensitive or impractical for
continuous operation. ANSTO has developed and deployed highly sensitive radon
detectors which are suitable for use at baseline atmospheric monitoring stations.

ANSTO currently is participating in an international program of monitoring long-term
trends in concentration of anthropogenic pollutants in the atmosphere. The high
sensitivity radon detectors developed at ANSTO operate continuously at Cape Grim,
Tasmania, Macquarie Island and, in cooperation with the US Climate Monitoring and
Diagnostic Laboratory, at Mauna Loa Observatory on Hawaii. The radon monitoring
program at Cape Grim has been expanded by commissioning a detector which is
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capable of continuous detection in air of very low concentrations of radon-222 and
radon-220 (thoron) decay products.

ANSTO is also collaborating in an international program to document the chemical,
physical, and radiative properties and determine the controlling processes of the
aerosol in the remote marine atmosphere. The objective is to understand the effect of
anthropogenic pollution on climate, which can only be done if we understand the
"clean" atmosphere and can separate anthropogenic effects from natural ones. It is
therefore necessary to know if the air samples have been affected by recent pollution
events. Most anthropogenic particles and gases are produced on land. Radon also
comes from the land, and decays with a half life of 3.8 days. Therefore an air mass with
radon present has been in recent contact with land, and thus is likely to have been
subject to pollution.

5. RADON AS A PREDICTOR OF OUTBURSTS IN COAL MINES

Radon-222, a naturally occurring radionuclide which is present in trace quantities in
all geological formations, is increasingly used as a tracer of geophysical events, both
natural and technologically induced, which involve a build-up of the stress in the rock
formation. This is because radon concentration in rock pore air is inversely
proportional to the effective grain size of rock. Hence, a change of stress in the
formation leading to build-up of microcracks with the resulting decrease of the
effective grain size can be monitored using radon as a natural tracer of the process.
Also, changes of the permeability of the conducting rock will either amplify the
signal resulted from the build-up of microcracks, or affect the signal themselves.
Other properties of radon are also important for geophysical tracing: as an inert gas
with a half-life of 3.8 days radon does not react chemically with the surrounding rock
and does not accumulate in rock pore air which narrows the observed changes in
radon concentration to recent events.

In broad terms, the ANSTO method relies on monitoring the change of radon
concentration in ventilation air which passes along a roadway towards the mined face
(intake air) and then back to the main headings (return air). Two radon detectors are
involved in a monitoring setup. The first detector samples the intake air (with the
radon concentration C,=C()) and the second, through a sampling header mounted in the
stopping, evaluates the changed radon concentration C, = C() + C. Here, C is the radon
concentration change caused by the contact of the ventilation air with radon exhaling
surfaces which occurs during the passage of air between the two sampling points. By
subtracting C, from C,, the detection system directly monitors the change in radon
flux which occurs in the monitored area

The exact location of the two detectors depends on ventilation arrangements. In
longwall districts both advancing and retreating longwall mining can be instrumented.
In a coal heading, the detectors are positioned at the low-hazard site of the stopping in
a cut-through, typically several hundreds of meters away from the mined face.

The preliminary results already validated all relevant assumptions concerning
expected absolute and incremental radon levels in underground air. The radon signal
has been determined with the designed precision with the required time resolution.
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The sensitivity proved to be adequate even for the gateroad development where the
mining face area is relatively small. The detectors' dynamic range accommodates
environmental changes in radon concentration and the instrumental performance has
fully validated the choice of construction materials required for underground
environment.

The method, alone or in combination with other methods presently in use will
improve the ability of the mine operator to predict an incoming outburst or rock
failure leading to methane emission and thus to allow the implementation of
preventive and/or protective methods in a focused, not over-cautious, and timely
manner. The method and its instrumentation are directly applicable to a range of
related problems in the industry including monitoring of the stability of highwall
mining.

The present approach capitalizes on a 17 year long radon research at ANSTO which
led to the present range of sophisticated radon detectors. These detectors are
internationally acknowledged as unique implementations of super-sensitive radon
technology. The characteristic in the configuration for the coal mine project include
(i) a huge dynamic detection range of 109 starting from concentrations as low as 100
mBq m' (which is approximately equal to 0.5% of normal levels), (ii) a response time
of less than 1 hour and (iii) fully automatic, continuous routine monitoring .

6. PALEOCLIMATE STUDIES

ANSTO in collaboration with scientists from the University of Tasmania, Monash
University, Wollongong University and Adelaide University is carrying out a research
project to improve the chronologies for and correlate key palaeoenvironmental records
in the region spanning the last 350,000 years. The project is a major contributor to the
International Geosphere Biosphere Program (IGBP).

Older sediments from terrestrial records in the project are being dated using the
uranium/thorium disequilibrium method, which has been successfully applied to peat
and organic lake sediments up to approximately 350 kyr. Initial analyses of samples
from Australian sequences carried out by the Environmental Radiochemistry Group at
ANSTO have proved encouraging and will help resolve chronological problems
experienced for the study region.

The younger sediments are being dated using AMS radiocarbon analysis of pollen. This
technique has been shown to produce more accurate dates than those obtained through
conventional radiocarbon methods. The development and application of this technique
is being carried out by the ANSTO AMS Radiocarbon Group.

The principle of the U/Th method is based on the fact that the natural isotope 238U
decays to 234U, which in turn decays into 230Th (with a half-life of 248 kyr) by emitting
an alpha-particle. The 230Th itself decays (also emitting an alpha particle) with a half life
of 75 kyr. This decay is the only source in nature of 230Th. Thus, as long as the
production of 230Th exceeds its radioactive decay, 230Th accumulates and the 23oTh/234U
ratio is a measure of age. Equilibrium is reached after a period of 350 kyr when the
decay of 230Th balances its production.
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Lake organics are able to absorb large amounts of uranium from groundwater. The
humic, humin and fulvic acids, in particular, absorb uranium and together with clay
minerals, form large stable complexes. Since thorium is insoluble in water, the 230Th
concentration should be zero at the time of deposition of the lake organics. The
observed present day 23OTh is therefore solely attributable to the decay of its
radioactive precursor 234U. Any violation of this assumption will be traced by the
presence of the long-lived isotope 232Th (t1/2=1.39.1010a). Detection of this thorium
enables corrections to be made.

7. ADVANTAGES OF RADIOTRACER TECHNIQUES

In elucidating natural processes or solving environmental problems, nuclear science-
based techniques and, in particular, radioisotope tracers have a number of advantages
over conventional techniques. For example, in cases, such as working in turbid waters
or deepwater diffuser systems, where dilutions are high and effluent discharges exceed
1000 x 106 litres/day, dye techniques simply do not have the necessary sensitivity to
trace dispersion patterns. In studies of chemical processes, where trace elements have
natural levels of less than 1 ppb, analytical detection is both costly and difficult with
results typically not available until some time later. In biological productivity studies
temporal rates of uptake between ecosystem compartments often cannot be
distinguished. Radiotracer techniques, on the other hand, can provide real time data on
specific environmental processes or compartments under investigation, and enable in
situ modification of the experimental strategy, as all too often, local factors may
necessitate a change in the experimental conditions previously considered as optimum.

Some of the principal advantages of radioisotope tracer techniques in environmental
studies can be summarised as follows:

Uniqueness - Rarely will any type of radionuclide, let alone the specific one chosen for
a particular investigation, be already present in the system. The radionuclide will
uniquely and unambiguously define material originating from a particular source.

Chemical analogue - In processes where a particular chemical species needs to be
monitored, use of the appropriate radionuclide analogue will ensure that the tracer
behaves exactly like the chemical under investigation because, with few exceptions, all
the isotopes of an element (radioactive or stable) have the same chemical behaviour.

Sensitivity - Because of the high sensitivity and stability of modern electronic nuclear
radiation detection equipment, radiotracer techniques are in most cases much more
sensitive than conventional techniques typically using fluorescent dyes.

External monitoring - Many radionuclides emit gamma rays which can be readily
monitored using a variety of detectors. Two benefits accrue from this feature; (1) the
behaviour of a system can be monitored externally and the perturbations caused by
sampling therefore avoided; and (2) the movement of the tracer can be followed
directly thus allowing real time measurements. This latter feature allows complex
systems to be studied in the most cost-effective way.
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Limited memory effect - Since each radionuclide is unstable and decays at a known
rate, the interval for it to become effectively "dead" can be readily calculated. Thus
careful selection of a radionuclide tracer can allow multiple experiments to be
undertaken over a period without cross-contamination or "memory effects".

Minimal tracer mass - In general, radionuclide tracers are required only in small
amounts which do not constitute a major perturbation (eg. milligrams of solid,
millilitres of liquid). This is because a large amount of radioactivity can be introduced
into many elements through nuclear reactor or cyclotron irradiation.

Wire and Retaining Cord

Retaining Screw

Figure 1 ANSTO detonation technique for releasing tracer onto the sea floor
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Figure 3 Results of sand movement studies in the Swansea Channel, NSW
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Figure 5 Results of Malabar (NSW) Deepwater Outfall plume tracer study
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ko-standardization method of instrumental neutron activation analysis was applied for the
multielement analysis of human hair standard reference materials from IAEA, No, 085,
No. 086 and No. 5. Also, hair samples from different parts of Malaysia and in addition to a
sample from Japan were analysed. Human kidney stones were also analysed for minor and
trace elements. In all samples, more than 25 elements were determined. The samples were
irradiated in the ( Lazy Susan ) at TRIGA Mark II reactor of MINT. The accuracy of the
method was ascertained by analysis of other reference materials, to name a few, 1573
Tomato Leaves and 1572 Citrus Leaves. In this method the deviation of the

yT,\+a epithermal neutron flux distribution from Iv. law, I-yC-ratio)for true

coincidence effects of the y - ray cascade and the HPGe detector efficiency were
determined and corrected for.

Introduction

Instrumental neutron activation analysis (INAA) is a versatile, selective, sensitive and
multielemental analytical method. It still preserve an important role in precise
determination of elemental concentration. These outstanding features have provided the
impetus for the method to be used as a robust analytical method for trace elemental
determination at very low levels. Neutron activation analysis is usually used as a
comparative technique where the induced activity of the sample is compared with those of
the standard of known concentration, irradiated and counted under identical conditions.
This method is simple and most accurate when only small number of elements have to be
determined. In most of the INAA studies, the standard reference materials (SRM) have
been widely used as a primary standard. This procedure have been frequently subjected to
criticism due to the large uncertainties associated with the certified values of certain
elements. Also handling large number of samples of different origin, biological,
environmental, geological science, etc., makes the use of the relative technique in its
classical form tiresome and laborious due to the long time invested in preparation,
irradiation, measurements and unfolding the spectra of these standards. These shortcoming
can be eliminated by the use of k0-standardization method [1-3] of instrumental neutron
activation analysis which turn out to be one of the most convenient methods for
nondestructive multielemental determination of several elements in different matrices [4-
8]. ko-standardization method was implemented in our laboratory [9] for the use in reactor
activation analysis. In the present work, ^-standardization of instrumental reactor neutron
activation analysis (INAA) is applied to the analysis of major and trace elements in human
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hair and kidney stones. Three human hair standard reference materials from (IAEA),
IAEA-085, IAEA-086 and NIES reference material No. 5 were analysed for about 18
elements. In addition, some samples of human hair from different part of Malaysia and one
from Japan were characterized for the same number of elements. We also analysed few
human kidney stones collected from the department of Urology at UKM hospital for about
19 elements.

k0 -standardization method

The use of fc0 -method in reactor neutron activation analysis is based on irradiation of Au
wire and Zr foil with the sample in order to determine the thermal to epithermal neutron
flux ratio f and a parameter measure for the deviation of epithermal neutron flux
distribution from 1/E law. The concentration of an element can be calculated as:
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where

the indices x and Au refer to the sample and the monitor, respectively;

w and W - the mass of the gold monitor and the sample (in grams);

Np - the measured peak area, corrected for dead time and true coincidence;

S,D,C - saturation, decay and counting factors;

tni - measuring time;

Glh, Ge - correction factors for thermal and epithermal neutron self-shielding

respectively;
/ - thermal to epithermal neutron flux ratio;

0 - 0429 0429 /
Qfia) = ~° _ ' + , where Q(l - — is resonance to the
^ ^ E? ( 2 a + 1) (0.55)" *° a 0

thermal cross-section ratio;
Er - effective resonance energy;
a - experimentally measure factor for the deviation of the epithermal

neutron flux distribution from \/E -law ;

e p - full energy peak efficiency; the procedure for s p calculation of our

detector for different source-detector distance including the correction
of true- coincidence was given in our previous work and proved to be
accurate within 2-3% [10,11].
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Experimental

Sample Preparation

The collected hair samples were cut to length of about 2-5 mm using stainless steel
scissors and washed in acetone, thrice in distilled water followed by acetone. Then
sufficient amount of solvents were added to cover the entire sample. At each step, the
samples were left to stand at room temperature for 10 minutes, with constant stirring.
Following each wash, the liquid was discarded and fresh solvent was added. The samples
then dried in an oven over-night at 60 °C. In order to have the hair samples in
homogenized powdered form, the brittle fracture technique was used. The samples were
placed in PTFE ( Teflon ) shaking flask together with two Teflon grinding balls, and the
lid was closed tightly. The flask then dipped in liquid nitrogen for 3 minutes and placed
into the holder and vibrated at 1400 rpm for few minutes using the "micro-
Dismembrator". Fine hair powder was obtained after repeating the procedure several
times. The kidney stones were homogenized into powder form using porcelain mortar.

Sample irradiation

About 150 mg of hair samples and 300 mg of kidney stones were pressed under a
pressure of 12 tones into pellets in order to obtain a uniform geometrical samples. All
samples were placed in clean cylindrical polyethylene vials. Triplicate were prepared from
each sample. Every two samples and blank together with Al-0.10115 % Au alloy wire of
1.0 mm diameter and 0.125 mm Zr foil both from IRMM (Belgium), which served as
comparator and fluence rate monitors were irradiated in separate channel for 6 hours in
the rotary rack facility of the TRIG A Mark II reactor of MINT.

Sample measurements

All measurements were carried out on n-type HPGe detector ( active volume: 90 cm3 ;
FWHM (at 1332.5 keV) = 1.95 keV ) connected to a Canberra Accuspec MCA card. The
samples were measured at different cooling time ranging from 2 days - 4 weeks and
measured at various distances from the defector. The first measurements of Zr were
performed after one day after the end of irradiation at reference position (19 cm). The
second measurements of Zr were carried out 5 days later at lower distance. The Au
comparators were measured at the reference position and their geometry was
approximated by a small cylinder. In all the measurements the dead time was kept below
10 % and the random coincidences were negligible. The nuclides, the y-energies and the
relevant k0 -factors taken from ref [12] used for the analyses of hair and kidney stones are

given in Table 1. All the y-spectra were evaluated by the PC version of Sampo 90
program. The effective solid angle and the correction of true coincidence effects were
evaluated by SOLCOI program and the elemental concentration by KAYZERO program,
both of them are PC version program from DSM Research [13].
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The weighted mean concentration and its associated observed (aobs) and expected (aexp)

uncertainties shown in Tables 2-4 are given by:

P = ̂ ^ ~ (2)

and

i

^ 2

(I-.)2 (3)

Results and Discussion

Table 2 shows the concentration of elements obtained by k0 - standardization method of
INAA in hair samples of several local population in Malaysia and NIERS (Dr. Ohno) from
Japan. The analytical results for three types of human kidney stones using k0 INAA are
shown in Table 3. Also, in Table 4, the results obtained for three hair reference materials
IAEA-085, IAEA-086 and NIES No. 5 are presented and compared with the available
certified values. All the results obtained are presented as the weighted mean with the
expected/observed uncertainties (%) that gives an idea about the quality of the results. At
present, only relatively long lived radionuclides have been analysed.

Conclusion

In present work, we have determined some elements in human hair of three reference
materials IAEA-085, IAEA-086 and NIES No. 5 from Japan. We managed to determine
16 elements in IAEA-085, 18 for IAEA-086 and 12 for NIES No. 5. Accurate and precise
values were obtained (cf. ref 5 ) . In addition, 21 elements were determined in seven hair
samples obtained randomly from different local inhabitant. Also, 18 elements were
determined in NIERS (Dr. Ohno) Japanese hair sample. We conclude that the
k0 - standardization method has a remarkable advantages when multielement analysis is
considered owing to: the large number of trace elements determined in a single irradiation,
reduced time of analysis and the accuracy and precision achieved.
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Table 1. Nuclear Data for the Nuclides used for the Analysis.

Elemenet

Ag

As

Au

Ba

Br

Ca

Ce

Co

Cr

Cu

Fe

Hg

K

La

Mn

Na

Sb

Sc

Se

Sm

Tm

W

Zn

Nuclide
iio-A g

76As

198Au

m B a

' "Br

47Ca

141Ce

60Co

5 1Cr

64Cu

69Fe

203Hg

4 2 K

140La

56Mn

24Na

124Sb

46Sc

75Se

153Sm

170Tm

187W

65Zn

Er

657.8; 884.7

559.1; 657.1

411.8

216.1; 373.2; 496.3

698.4; 776.5; 1044.0

1297.1

145.4

1173.2; 1332.5

320.1

1345.8

1099.2; 1291.6

279.2

1524.7

328.8; 815.8; 1596.5

846.8; 1810.7; 2113.0

1368.6

602.7; 722.8; 1691.0

889.3; 1120.5

136.0; 264.7

103.2 '

84.3

479.6; 685.7

1115.5

3.50E-02; 2.69E-02

4.83E-02;6.61E-03

1.0

2.75E-05; 1.92E-05;6

9.38E-03; 2.76E-02; 9

9.54E-07

3.66E-03

1.32E+00; 1.32E+00

2.62E-03

4.98E-04

7.77E-05; 5.93E-05

1.10E-02

9.46E-04

2.87E-02; 3.32E-02; 1

4.96E-01; 1.35E-01; 7

4.68E-02

2.96E-02;3.19E-03; 1

1.22E+00; 1.22E+00

6.76E-03;7.11E-03

2.31E-01

3.26E-02

2.97E-02; 3.71E-02

5.72E-03

48E-05

.14E-03

34E-01

17E-02

.41E-02
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Table 2. Elemental concentration in human hair of some Malaysian and Japanese samples.

Element
Ag
As
Au
Ba
Br
Ca
Ce
Co
Cr
Cu
Fe

S Hg
-J K

La
Mn
Na
Sb
Sc
Se
Sm
Tin
W
Zn

D17
-

0.192 ( 1.9/1.4 )
0.056(0.4/1.5)
44.0(3.2/1.5)
2.4(0.3/0.2)

-
-

0.189(5.2/1 .6)
1.3 ( 1.1/1.4)
30.7(3.5/5.1 )
95.2 ( 6.0/6.9 )
1.3(3.0/3.3)
13.6(4.1/2.3)

0.265 ( 0.7/0.6 )
7.8 ( 1.6/0.6)
10.7(0.3/1.3 )

0.092(9.8/1.3 )
0.0109(8.9/11.9)
0.649(10.9/2.0)
0.0457( 0.9/4.3)

-
-

182.1(0.1/0.4)

D27
-

0.142(3.3/1.3)
0.054 (0.4/22 )
38.1 ( 1.8/1.3)
1.7(0.7/3.0)

757( 15.9/5.9 )
0.634(11.6/0.0)
0.302 ( 1.8/2.3)
0.945(6.1/10.9)
25.0(3.5/7.0)
63.6(4.4/2.8)
1.1 ( 1.9/4.4)
16.0 ( 4.4/0.0 )
0.111(2.0/1.6)
15.2 ( 1.0/1.0)
19.8(0.2/1.1)

0.0526(11.0/3.8)
0.009(7.7/1.4)
0.677(5.9/1.9)
0.051 ( 1.6/2.0)

-
-

156.7(0.9/0.6)

D65
4.6(0.9/1.0)

0.138 ( 1.4/4.0)
0.115(0.2/0.5)

-
2.0(0.2/0.4)

831.1 (12.6/1.4)
-

0.128(3.5/4.6)
-

18.0(4.8/13.2)
79.4(3.3/3.5)
0.915(2.1/3.8)
73.2 ( 1.1/1.0)
0.218(0.6/1.4)

3.3(0.8/0.8)
34.8(0.1/0.6)
0.991 (5.9/4.1 )
0.017(3.1/13.7)
0.657(5.3/1.8)

-
-
-

137.9(0.9/0.1 )

D68
-

0.353 ( 1.9/2.5)
0.653 (0.09/0.2)
62.9 ( 1.7/1.0)
2.7(0.5/3.5)

0.2% (8.0/3.9)
-

0.599 ( 1.3/1.4 )
-

18.6(4.9/1.0)
111.3(3.4/3.1 )
0.926 ( 3.8/7.2 )
38.0 ( 1.7/0.07)
0.157 ( 1.8/1.4)
26.9 ( 0.4/0.4 )
15.8(0.3/1.4)

0.141 (5.7/2.1 )
0.0095 (17.9/0.0)
0.639 ( 12.2/1.9)

-
-
-

0.1% (0.2/0.1 )

B26
0.5 (6.8/2.8)

0.12 ( 16.4/3.2)
0.103 (0.5/0.4)

-
4.9 ( 0.4/0.4 )

0.1 %( 17.0/0.0)
-

0.089(17.7/21.1)
2.0(4.4/1.5)

21.1 (7.6/10.0)
39.6 ( 14.7/10.3 )
51.7(0.1/0.7)
45.7(2.2/1.4)

0.033 ( 10.7/5.7 )
4.4 ( 3.4/2.5 )
42.2(0.3/0.1)

0.0415(6.2/7.9)
0.0063 (9.5/15.6)

7.9 ( 0.8/0.6 )
0.0339(3.0/5.9)

-
-

135(0.6/1.2)

B35
-

0.183 (2.6/0.5)
0.0175(0.8/0.7)

-
4.9(0.2/0.5)

872.9 ( 14.7/0.0 )
-

0.0477 ( 25.4/0.0 )
1.2(6.7/11.0)
24.8 ( 9.0/7.2 )

1.9(1.4/1.8)
77.1 ( 1.9/0.7)

0.0861 (2.1/1.2)
-

66.6(0.1/0.7)
0.0702 ( 7.5/1.4 )
0.0054 (12.0/14.2)
0.732 (7.5/6.3 )
0.0269 ( 1.4/1.3)

-
-

202.4(0.4/1.1)

B48
-

0.107(2.1/7.2)
0.025(0.7/0.8)
7.9 ( 23.2/0.0 )
0.754 ( 0.6/0.5 )
0.2 % ( 7.0/6.8 )
0.444 ( 19.0/0.0 )
0.0694 (6.5/3.3 )

4.5 ( 1.7/2.3)
19.9 ( 4.6/0.7 )
46 ( 8.5/3.3 )
2.6(1.0/0.6)
28.2(2.0/1.0)

00348(3.2/1.4)
-

20.8(0.1/0.8)
00509 (16.5/3.7 )
0.0285(3.1/1.3)
0.688(6.1/2.7)
0.0402(0.8/1.5)

-
-

182.4 ( 0.4/0.5 )

NIERS
-

0.1026(9.8/9.8)
0.0139 ( 1.0/1.1)

-
7.7(0.1/0.6)

838.1 ( 19.2/0.0)
-

0.157(5.5/7.4)
-

14.0 ( 12.7/0.0 )
142.8 ( 4.7/2.3 )
2.6 ( 1.2/1.8)

133.0(0.9/0.09)
0.0716(2.1/3.7)

-
115.3 (0.07/0.01)
0.225(4.5/5.1)
0.0371 ( 2.4/0.8 )
0.921(6.6/2.5)
0.0778 (6.8/2.9)
0.132(13.2/5.5)

0.0449 ( 11.9/9.9)
145.6(0.7/0.2)



Table 3. Elemental concentration in kidney stones; units are in nig/kg,
unless otherwise specified.

Element
Ag

Au

Ba

Br

Ca (%)

Co

Cr

Cs

Eu

Fe

Hg

K

Na (%)

Rb

Re

Sb

Sm

Sr

Zn

A 43
-

-

63.5(4.2/1.3)

2.9(4.0/1.5)

3.7 ( 1.0/1.2)

0.082(4.3/6.9)

-

0.482(0.8/0.7)

0.103(12.7/13.5)

-

0.293(21.8/0.0)

0.2 %( 1.0/2.5)

0.3(0.06/2.7)

35.8(0.7/1.7)

0.1196(23.8/0.0)

-

1.6(0.7/10.5)

95.8(3.5/3.4)

144.5(2.3/1.1)

W46
-

0.004(11.4/14.9)

88.8(2.9/0.4)

2.9(1.2/0.7)

23.2(0.4/0.7)

0.0313(9.4/0.7)

-

0.104(6.8/0.9)

-

20.9(21.2/0.0)

1.0(3.7/3.8)

0.1 %(5.2/1.0)

0.7(0.07/1.7)

8.1(2.8/1.3)

-

-

-

247.1(1.7/0.6)

859.4(0.3/0.6)

P190
0.335(10.4/2.9)

0.007(3.8/10.2)

29.3(2.9/1.4)

.8.5(0.3/0.4)

24.1 (0.6/0.9)

0.0671(5.2/2.2)

5.1(0.9/1.0)

-

-

48.9(4.8/1.8)

0.2888(4.4/3.6)

104.9(18.4/0.0)

0.2(0.09/0.3)

-

-

0.0613(6.8/6.9)

-

54.8(3.4/0.4 )

62.7(0.5/0.1)
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Table 4. Elemental concemtration in Human Hair Reference Materials IAEA- 085 , IAEA-086 and NIES No. 5
units are in mg/kg, unless otherwise specified.

Element

Ag

As

Au

Br

Ca

Co

Cr

Cu

Fe

Hg

K

La

Mn

Na

Sb

Sc

Se

Zn

IAEA-085
This work

67.3(0.06/1.0)

0.129(4.0/2.1 )

0.034 (0.4/0.4 )

4.1 (0.1/0.2)

0.1 %( 10.3/2.0)

0.138(3.4/1.3)

4.8 ( 1.1/1.4)

16.7(4.4/1.6)

101.5(2.4/2.3)

0.5289(2.6/2.1)

45.1 ( 1.1/1.7)

0.056 ( 1.6/2.5)

9.0 ( 0.7/0.3 )

67.3(0.06/1.0)

0.083 (5.4/3.9)

0.0242 ( 1.4/13.9)

0.968 ( 2.6/2.6 )

150.0(0.3/0.2)

Certified
value

-

-

-

-

-

-

-

-

-

0.574±0.15

-

-

-

-

-

-

-

-

IAEA-086
This work

1.3(2.8/2.5)

0.126(5.0/6.0)

0.0228 ( 2.3/0.03 )

3.0 ( 0.5/0.8 )

880.4 ( 11.6/1.4)

0.156(6.2/4.9)

-

16.8(6.0/13.6)

84.8 ( 5.3/4.0 )

20.0 ( 0.2/0.9 )

10.2(5.1/4.0)

0.050(4.7/1.8)

7.2 ( 1.6/1.0)

11.2(0.4/4.6)

-

0.018(3.8/8.5)

0.991(5.9/4.1)

155.1(0.5/1.0)

Certified
value

-

-

-

-

-

-

-

-

-

22.9±3.4

-

-

-

-

-

-

-

-

NIES No. 5
This work

-

-

0.0174(3.3/1.4)

93.3(0.05/0.4)

-

-

-

-

208.6(3.5/2.1 )

3.9 ( 1.4/1.0)

32.4 (2.7/0.0 )

0.189(3.2/1.8)

4.6(5.9/1.3)

27.1(0.2/0.4)

0.093 (7.7/0.2 )

0.0514(2.5/0.3)

1.4(6.9/1.4)

154.4(0.8/0.5)

Certified
value

-

-

-

90*

728 ± 30

0.10"

1.4 ±0.2

16.3 ±1.2

225.0 ±9

4.4 ±0.4

34.0 ±3

-

5.2 ±0.3

26.0 ±1.0

0.07"

-

1.4 *

169 ±10

Suzuki et al.
(14)

value
-

0.057

0.0127

92

640

0.099

1.24

16.1

210

3.6

36

0.184

4.7

26

0.073

0.046

1.29

164

Non-certified value



MY9800971

Optimization of a Spectrometry for Energy -Dispersive X-ray
Fluorescence Analysis by X-ray Tube in Combination with Secondary

Target for Multielements Determination of Sediment Samples.

Zaidi Embong and Husin Wagiran
Physics Department,

University Of Technology Malaysia,
P.O Box 791, 80990, Johor Baharu

Abstract
The construction of an energy dispersive X-ray fluorescence spectrometry equipped with a
conventional X-ray tube and secondary target is described. The spectrometry system constructed in
our laboratory consists of a semiconductor detector system, irradiation chamber and X-ray tube.
Primary source from X-ray tube was used to produce secondary X-ray from molybdenum, cadmium
and stanum targets. The fluorescence X-ray from the sample was detected using Si(Li) detector with
resolution of 0.175 KeV(Mn-K^. The spectrometry was used for determination of multi-elements with
atomic number between 20 to 42 in river sediment samples collected from Skudai River at Johor
Bahru district. The X-ray spectrums from the samples were analysed using computer software which
was developed based on Marquardt method. Optimal conditions and detection limits are determined
experimentally by variation of excitation parameters for each combination of secondary target,
applied voltage an current of X-ray tube.

Introduction.
The application of energy dispersive x-ray fluorescence (EDXRF) spectrometry for multi-element
determinations in sediment prospecting samples has the advantage of simple sample preparation,
rapid analysis, good reproducibility and low cost. In this technique, primary radiation from X-ray
tube are allowed to impigine on the sample, and these x-rays make photoelectric interactions in the
sample to produced characteristic X-rays. The characteristic X-rays produced are then counted by
high-resolution low energy X-ray detector. However, the used of X-ray tube as primary radiation
sources give a broad spectrum of bremsstralung together with the characteristic lines of the anode
material. On direct irradiation, the primary radiation will be scattered in the sample and produce XRF
spectrum with high background spectrum. Therefore, the selection of the optimal excitation energy by
monochromatic X-rays is much more favourable. In this method, a beam of photons from x-ray tube
will be polarized by combination of secondary target and filter to produce monochromatic radiation.
The intensity of continuum radiation and scattering background from the tube will be reduced and
hence improve the minimum detection limit. Since the secondary target and filter can be
interchanged, hence monochromatic x-rays of different energy can be obtained by use of the same
primary radiation of x-rays tube.

The present paper describes the construction of an energy dispersive X-ray spectrometry
equipped with a conventional X-ray tube and secondary target, which was constructed in our
laboratory. The optimization of parameters influencing detection limits is investigated. The detection
limit and ranges of application for various secondary target will also be discussed in this work.

Description of the Experimental Apparatus.
The EDXRF system constructed in our laboratory is shown in Figure 1. The system consists of a
primary X-ray source, irradiation chamber, detector system and data handling instruments. The
primary X-ray is produced by a water-cooled X-ray tube with copper anode, type PW 2213/20
manufactured by Philips. The tube was generated by X-ray generator model PW1730 with maximum
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power output of 1.5 kW. High voltage and current can be regulated in steps of 5kV and 5mA with
maximum value of lOOkV and 100 mA respectively. The tube has beryllium windows with 300|im
thickness that can transmit 98% of the CuKa radiation.

Irradiation chamber

Sample

Secondary Target

Detector Amplifier
Multi-
channel

Analyzer

Computer

Figure 1 : Block diagram showing the arrangement of the EDXRF system

The irradiation chamber constructed in this work was made from a couple of quadratic plate
of iron with iner size of 5cm x 5cm x 5cm and 1.2 cm thickness. The inner part of the chamber was
covered by 3 mm thickness of aluminium plate. The secondary target was mounted in the lower part
of the chamber with the position of 45° to the primary radiation (in x-direction). The sample was
placed upon the upper part with the position of 45° to the secondary radiation (in y-direction). The
fluorescence X-rays produced from the sample was recorded in z-direction. By using a strictly
cartesian geometry in the system like this, any part of the primary radiation coherently or
incoherently scattered, first by the secondary target and next by the sample, has zero intensity in the z
direction. Thus, the doubly scattered radiation from the primary beam can in practice be removed
from the spectrum recorded [1]. Three collimators have been mounted between the X-ray tube and the
secondary target, the secondary target and the sample and the sample to the detector in order to
prevent primary radiation from the X-ray tube from reaching the sample and detector directly. Block
diagram of the irradiation chamber construction in this work is shown in Fig. 2.

Fluorescence
radiation of the

sample

Nonpolarized
primary radiation

X-ray tube

Figure 2: Block Diagram of the Cartesian excitation geometry used in this work.

112



The pulses of fluorescence radiation from the sample were detected by lithium-drift silicon
diode detector, Si(Li). The detector has an active surface area of 28mm2 with resolution of 175eV at
5.8keV (Mn-Ka). It circular face is centered behind a beryllium entrance window with thickness of
25.4fj.m. The detector was cooled under liquid nitrogen temperature, 77K for optimum performance.
The signal from the detector was transferred to a preamplifier (pulsed optical feedback system). The
pulse from the preamplifier will be processed by amplifier using 10|j.s shaping time suitable for
detection of count rate of 1000 count per second. Discrimination of pulse height will be performed by
multi-channel analyzer (MCA) with 2048 channel. The "AccuSpec" software was installed into the
IBM personnel computer system to controlled off-line data handling.

Experiment
The sensitivity of EDXRF spectrometer depends mainly on the choice of optimal excitation
conditions. In this work, the types of excitation geometry, the types of secondary targets, the high
voltage and current of the X-ray tube and the thickness of the filters were optimize experimentally. In
order to obtain the optimum condition of the spectrometer, the detection limits of various elements in
a standardize sample were determined as a function of the parameters mentioned above. In this case a
linear dependence of intensity and concentration was assumed. For the determination of the detection
limit, the IUPAC definition is being used [2]. The number of counts of particular element in the
sample is given by

N = 3y/~B (1)
where B is the number of background counts at the peaks of interest. By considering the ratio of the
element concentration and the net area of the peak is constant, the detection limit can be written as

where C is the concentration of the element in the standardize sample.
The secondary targets used in this work were molybdenum, cadmium and stanum foil with

thickness of 0.0279 cm, 0.0317 cm and 0.0334 cm respectively. The thickness of the target was
chosen as a critical thickness, which was calculated using the method, suggested by Tertian and
Claisse [3]. The combination of applied voltage and current of the X-ray tube was set at the maximum
power output. The filter used was an aluminium foil with various thicknesses between 0 to 0.9 mm.

For the purpose of optimization measurements, sample SL-1 (Lake Sediment) supply by
IAEA was used. The sample was already in the form of powder of approximately 100 mesh. The
sample was placed into an aluminium cup and pressed by pressing machine at pressure 107 Pa for 10
minute. The thickness of the sample is about 3 mm and can be consider as a thick sample [3]. The
elements investigated in this sample are Mn, Zn, As, Rb, Sr, Zr, Nb, Mo and Pb. The area under the
peaks of the elements interest were calculated using computer software called 'CURFIT' which was
developed based on Marquardt method [4]. The programme is capable of doing the iteration of the
input data recorded by multi-channel analyzer. The minimum value of x2 represents the best
agreement between calculated values and the experimental data.

Experimental Results.
The choice of optimum excitation geometry
In this work three types of geometrical excitation geometry were examined to obtain best detection
limits of the elements interest. These are
1. Excitation in X-Y-X axis (2-plane excitation)
In this geometry arrangement, the primary X-ray from the tube will be scattered by secondary target
in x-direction. Later, the characteristic line of the secondary target will excite the elements in the
sample. The detector will collect the fluorescence X-rays in x-direction.

2. Excitation in X-Z-X direction (2-plane excitation)
Similar as in condition (1), but the primary X-rays from the tube will be scattered by secondary target
in z- direction.
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3. Excitation in X-Y-Z direction or Cartesian geometry (3-plane excitation)
In this geometry, the primary X-rays will be dispersed into 3 dimensional direction. Similar as in
condition (1), but the fluorescence X-rays from the sample will be detected in z-direction.

Figure 3 shows the typical spectrum taken from the standardize sample, SL-1 using
Cartesian geometry. The secondary target used was cadmium foil and applied voltage and current
were set at 45 kV and 35 mA respectively. The detection limits for the elements interest were
calculated and plotted as shown in Fig. 4. From the figures it was seen that the X-Y-Z excitation
geometry (Cartesian geometry) always gives best detection limits compared to the others excitation
geometry. This results agree with the fact that the primary radiation scattered by the secondary target
and next by the sample has zero intensity in z-direction. Therefore, it was decided to used this
Cartesian geometry in our EDXF spectrometry system.

Camptonand Coherent
scatteriig of the Cdktf (taget)

C hannel nu mber

Fig 3: Typical spectrum of standard sample, SL-1 sample using Cartesian geometry.

25

20

E
- 15

10

Type of excitation
geometry

-X-Y-Z

-X-Z-X

-X-Y-X

30 37 38 40 41 42

Atomic number

Fig 4: Variation of detection limits with atomic number for various types of excitation geometry.
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Optimization of tube current and voltage.
In order to obtain the best detection limits a high intensity of exciting radiation is necessary. The
intensity of the X-rays tube is given by[5]

a iV2Z

where / is the anode current, V the anode voltage and Z the atomic number of the anode material.
Because of the linear dependence of intensity on the anode current and voltage, the low detection
limit can be obtained by increasing the anode current and applied voltage of the X-ray tube. The
exciting radiation should be as near as possible to the adsorption edge of the secondary target
material. However, as the applied voltage on the tube increase, the intensity of a lower and higher
energy range will increase. Furthermore, the background will be higher due to the increasing of the
scattering radiation and those increase the detection limit. On the other hand, the dead time of the
electronic system increases with anode current, and the later is therefore limited by the dead time. In
this work optimal values for the combination of applied voltage and current were found
experimentally. Detection limits for several elements are shown in Fig 5 for difference combination
set of applied voltage and current. The secondary target used in this experiment was molybdenum
foil. There is no much difference in detection limits with different set of applied voltage and current
for the elements with atomic number greater than 37. Therefore, any combination of applied voltage
and current can be used as far as the power output reaches the maximum value.

Applied voltage and

current

—•— 40kV30fM

-«-45kV35mA

—A-50kV3CXM

-K-55kV25rM

-*-60kV20mA

30 33 37 38 40 41

Atomic number

42

Fig. 5: The variation of the detection limits of various elements for different combinations of tube
voltage and current.

The choice of secondary target
In this work, detection limits for various types of secondary target were measured experimentally. The
secondary targets used were molybdenum, cadmium and stanum. For each secondary target, detection
limits for various combinations of applied voltage and current were measured. Figure 6 shows the
variation of minimum detection limits with atomic number of the elements in standard sample, SL-1
for three types of secondary target. From the figure, it is shown that the minimum detection limits for
a particular type of secondary target decrease as the atomic number of the elements increase. This is
due to the fact that the excitation efficiency of elements increases when the energy of Ka and Kp of the
secondary target close to the absorption energy of the elements. It is also seen that there is no much
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different in minimum detection limits for elements with Z>37 for three dirrerent types of secondary
target. Therefore, any type of secondary target can be used to determine the concentration of elements
with Z>37 in our EDXRF system. However, for elements with Z<37, the used of molybdenum target
will give better detection limits.

70

60

w 50

£
= 40
O

0)

Q 2 0

10 \VA

Type of
secondary

target

-Sh

-ca

25 30 33 37 38 40 41

Atomic number
42

Fig. 6 Variation of detection limits (in ppm) as a function of atomic numbers for various types of
secondary target.

The choice of filter thickness
In EDXRF spectrometer, filters are used inorder to absorbed scattered radiation containing
characteristic lines and bremstrahlung from X-ray tube. By used of filters the intensity of the X-ray
fluorescence from the secondary radiation is also lost. Therefore, it is important to fine the optimal
thickness of the filters. The filter used in this work was aluminium foil with various thicknesses
between 0.3 to 0.9 mm. The filter was located between X-ray tube and the secondary target,
perpendicular to the beam of primary X-rays. For a particular type of secondary target, the effect of
filter thickness on the detection limits of the element interest was measured. Applied voltage and
current of the X-ray tube were set at optimum value.

Optimal conditions
The optimum parameter conditions of our EDXRF system can be obtained from the above
experiments. The optimal working conditions for various elements in sample SL-1 are tabulated in
Table 1.

Table 1: The optimal conditions for EDXRF system used in this work.

Type of seaawJaiy
target
Molybdenum
Cadmium
Stanum

Applied voltage and
current setting*, JcV* aiA
45 kV, 35 mA
45 kV, 35 mA
55 kV, 25 mA

Filter thiekasss, taiw

0.3 mm
0.6 mm
0.9 mm
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For these conditions the detection limits for determination of trace elements in SL-1 sample by use of
various secondary targets were determined experimentally. The detection limits were calculated and
the results are compiled in Table 2.

Table 2: Detection limits of various elements obtained using optimal parameter conditions.

Element
Mn
Zn
As
Rb
Sr
Y
Zr
Nb
Mo
Pb(*)

Mo (ppm)
26.006
8.447
11.059
1.753
1.251
0.166
6.847

-
-

4.630

C4 (ppni)
59.868
20.527
11.696
3.523
2.773
0.331
2.573
1.559
0.552
10.520

Sn (ppm)
83.343
27.073
19.434
4.538
3.785
0.413
3.288
1.916
0.570

22.359
(*) Determination are based on the x-ray L-line

The detection limits of various elements under optimal conditions were plotted and shown in Fig 7.
The results show that the used of filter can improve the detection limits of the elements with Z>37.
While for elements with Z<37, the used of filters give a poor detection limit.

Fig 7: The minimum detection limits of element for various secondary target under the optimal
condition.
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Conclusion
For conclusion, the construction of EDXRF system in the work was capable of being used for
multielements determination of sediment samples. The detection limits obtained in the system are
reasonable and can be considered good compare than the conventional EDXRF system. The
advantage of the system is simple sample preparation and rapid multielements analysis.
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1. Introduction

The world has taken an increasingly great interest in the global environment in recent years,

because of environmental degradation at global level through the environmental impacts such as global

warming, acid rain and etc. The Framework Convention on Climate Change, enacted in March 1994, is

expected to influence the industrial structure and energy consumption pattern, because its main

objective is to regulate the emission of greenhouse gases. The IAEA also recognized the importance of

environmental problems bringing about by consuming fossil fuels such as coal and oil in energy sector

including electricity sector. In this regard, DECADES project, Inter-agency joint project on Database

and mEthodologies for Comparative Assessment of Different Energy Sources for electricity

generation, was initiated in 1992 by the IAEA, in co-operation with the eight international

organizations(EC, ESCAP, IBRD, IIASA, OECD/NEA, OPEC, UNIDO, WMO). The objective of this

project was to enhance capabilities, particularly in developing countries, for comparative assessment of

different energy sources in the process of planning and decision-making for the electricity sector. In

this project, 15 countries including Korea, were carrying out the case studies under the CRP contract

with the Agency.

The purpose of this study is to derive an optimal electric system in Korea under the

consideration of environmental impacts. To do so, this study used DECPAC(DECADES Software

Package), which was developed by IAEA for the analysis of the Electric System Expansion

Plan(ESEP) considering pollutant emissions.

2. Input data

2.1 Economic data

Table 1 shows general economic parameters for this study. Most of these values are cited

from the official input data used in the country's ESEP. However, the discount rate of 8% was assumed

in this study, instead of 8.5% used in the official ESEP, because DECPAC only permits integer

numbers for the discount rate. It is also assumed that there would be no escalation in fuel costs. All

costs are expressed in constant dollars in the year of 1995. The study period is assumed to be from

1995 to 2010.
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Table 2 Economic Parameter

Cost reference date

Exchange rate (Korean Won/US $)

Discount rate (%)

Fuel escalation rate (%)

Study period

1995. 1

790

8.0

0.0

1995-2010

2.2 System load data

Table 2 shows the basic assumptions used for system load data. The input data are cited from

the country's official ESEP.

Table 2 Basic assumption for producing electric system load data

Economic Growth (%)

GDP

Mining & Industry

Service

Housing Supply Rate (%)

Industrial Structure

Manufacturing (%)

Mining & Manufacturing

Service

Petroleum & Chemical

Basic metals

Machinery and Equipment

Periods

1995-2000

7.3

8.6

7.1

83.8

30.4

63.1

17.4

9.4

44.2

2001-2005

6.0

7.0

6.0

97.5

33.4

62.8

16.8

9.3

52.1

2006-2010

4.9

5.1

5.1

101.4

33.6

63.3

15.7

9.4

55.0

Note) Percentage ratios of manufacturing represent the ratio
2010, respectively.

at the years of 1995, 2005 and

Based on these assumptions, the country's system load data are forecasted as shown in Table

3. The peak load of 29,878MWe in 1995 is expected to reach 66,478MWe in 2010, which is twice as

high as that of 1995. The estimated average system load factor appears to keep about 69% for the

study period. 30 numbers of cosine term are used for the fourier approximation to the inverted load

duration curve.
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Table 3 System load data

Year

1995

2000

2005

2010

Peak load (MWe)

29,878

43,694

56,001

66,478

Electricity (GWh)

181,529.3

265,978.3

339,649.3

405,509.3

Load Factor (%)

69.36

69.49

69.24

69.63

2.3 Others

Other data for DECPAC are shown in Table 4. As for reserve margin, it is divided into 3

stages to effectively get an optimal solution. The pumped storage power plant option, having been

charged of peak load in Korea, cannot be considered in DECPAC. The guideline number of

LOLP(Loss of load probability) is 0.5days/year in the ESEP in Korea and determined by considering

the pumped storage option. This study, however, used 2.1 days/year LOLP, because DECPAC does not

reflect the role of the pumped storage option which can contribute to the stable system reliability by

combining with nuclear option. This study also used a fixed number of 1 $/kWh as a energy-not-served

cost.

Table 4 Other data for running DECPAC

Reserve margin (%)

Loss of load probability (%) constraint

Energy not served cost ($/kWh)

0-40(1995)

5-40(1996-1999)

10-40(2000-2010)

0.58

$l/kWh (Fixed number)

3. Scenarios and Candidate Plants

3.1 Scenarios

A scenario approach is adopted in examining the role of PWR 1300MW and COAL 800MW,

respectively, in the ESEP in terms of generation mix, system cost, and environmental emissions

volume provided by DECPAC.

Scenario A assumes that PWR 1300MW is permitted to be candidates after 2001, while

COAL 800MW is excluded. Conversely, Scenario B assumes that COAL 800MW is permitted to be

candidates after 2001, PWR 1300MW is excluded.

However, other options in Table 5 remain as available candidates for the entire study period.
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3.2 Candidate Plants

The pumped storage option was excluded in this study. Although pumped storage is a one of

strong options in actual planning in Korea, this study does not allow to expand the option because

ELECSAM module, which is one of major module in DECPAC, is not able to reflect the pumped

storage option. This study, however, reflected existing and planned pumped storage plants by including

them into hydro power in FIXSYS module.

Table 5 shows major characteristics on candidate plants in this study.

Table

T
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c

5 Major characteristics on candidate plants

Capacity

Minimum load

Base load heat rate

Average incremental

heat rate

Spinning reserve

Forced outrage rate

Scheduled

maintenance days

Capital costs

Interest during

construction

Construction time

Life time

Fixed O&M cost

Fuel costs

Unit

MWe

MWe

kcal/kWh

kcal/kWh

%

%

days

$/kW

%

years

years

$/kW-months

cents/10A6kcaI

Nuclear

PWR

1000

1000

900

2322

2309

0

6.3

60

1920.3

16.60

5.50

25

5.00

178.0

PWR

1300

1300

1170

2309

2286

0

6.3

60

17038

22.09

5.50

25

4.38

178.0

PHWR

700

700

630

2509

2484

0

5.5

39

1858.2

21.34

5.30

25

6.60

96.0

Coal

Coal

500

500

250

2187

2098

10

5.6

44

1287.3

14.13

3.70

25

4.25

682.0

Coal

800

800

400

2175

2080

10

9.7

55

1164.6

16.60

4.30

25

3.44

682.0

Coal

1000

1000

650

2400

2080

10

9.7

55

1137.3

16.39

5.30

25

3.44

682.0

Oil

500

500

200

2253

2098

10

5.5

36

1012.7

13.44

3.50

25

2.28

1173.0

Combin-

ed Cycle

400

400

100

1940

1620

10

4.9

45

639.2

9.39

2.50

20

1.74

1987.0

4. Comparison of Scenario A with Scenario B

4.1 Newly added installed capacities and power plant options by scenarios
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The optimal electric systems resulted from both scenarios are presented and compared in

Table 6. Scenario A yields a nuclear dominant system, by the nature of the assumption. The results

show that 12 units of PWR 1300MW and one unit of PHWR 700MW are added to the system during

the study period. On the other hand, total 33 units of coal fired plants are added during the study period

in Scenario B, of which 12 units are Coal 800MW and the remaining 21 units are coal 500MW.

Table 6

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

Total

Results

RM

(%)

6.1

(6.1)

11.2

(11.2)

16.0

(16.0)

24.2

(24.2)

28.0

(28.0)

27.0

(27.0)

24.4

(24.4)

22.5

(22.5)

20.7

(21.3)

20.8

(20.6)

21.5

(21.3)

21.6

(21.2)

21.7

(21.2)

22.7

(22.1)

22.7

(22.7)

22.4

(22.2)

*

of the ESEP in Korea by Scenarios

Added

Capacity (MW)

900

(900)

900

(900)

900

(900)

1,800

(1,800)

900

(900)

900

(900)

(-)

(-)

700

(1,000)

1,800

(1,400)

3,000

(3,000)

3,500

(3,400)

3100

(3,000)

2,900

(2,800)

3,100

(3,500)

3,600

(3,500)

28,000

(27,900)

CC

400

1

(1)

1

(1)

1

(1)

2

(2)

1

(1)

1

(1)

(-)

(-)

(-)

(1)

1

(3)

1

(2)

(1)

4

(1)

(1)

(1)

13

(17)

Oil

500

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

Coal

500

1

(1)

1

(1)

1

(1)

2

(2)

1

(1)

1

(1)

(-)

(-)

(2)

1

(-)

(2)

1

(2)

1

(2)

(-)

1

(3)

2

(3)

13

(21)

Coal

800

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(2)

(2)

(2)

(3)

(2)

(2)

(12)

Coal

1000

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

PWR

1000

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(1)

(-)

(-)

(-)

(-)

(-)

(-)

(1)

PWR

1300

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

1

(-)

2

(-)

2

(-)

2

(-)

1

(-)

2

'(-)

2

(-)

12

(-)

PHWR

700

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

1

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

1

(-)

Note) Figures represent the results of Scenario A, while figures in parenthesis represent the results of
Scenario B.

123



4.2 Generating installed capacities

The generating installed capacities resulted from both scenarios are shown in Table 7. The

results of Scenario A show that 41% of total generating installed capacities are provided by nuclear,

28% by coal, and 21% by combined cycle, while the remaining 10% are provided by hydro and oil by

the end of 2010. Looking at the results of Scenario B, 22% of the total generating installed capacities

are provided by nuclear, 45% by coal, 23% by combined cycle with the remaining 10% by hydro and

oil by the end of 2010.

Table 7 Comparison of generating installed capacities by Scenarios

1995

2000

2005

2010

Nuclear

MW

8,616

(8,616)

13,716

(13,716)

22,316

(18,716)

33,429

(18,129)

%

27

(27)

25

(25)

33

(28)

41

(22)

Bituminous Coal

MW

5,800

(5,800)

16,300

(16,300)

19,400

(21,700)

21,900

(35,500)

%

18

(18

29

(29)

28

(32)

27

(44)

Anthracite Coal

MW

1,020

(1,020)

1,225

(1,225)

1,125

(1,125)

800

(800)

%

3

(3)

2

(2)

2

(2)

1

(1)

Oil

MW

4,674

(4,674)

4,140

(4,140)

4,140

(4,140)

2,210

(2,210)

%

15

(15)

8

(8)

6

(6)

3

(3)

Combined Cycle

MW

8,491

(8,491)

16,216

(16,216)

16,051

(17,251)

17,511

(19,111)

%

27

(27)

29

(29)

24

(25)

21

(23)

Hydro Power

MW

3,105

(3,105)

3,982

(3,982)

4,494

(4,494)

5,494

(5,494)

%

10

(10)

7

(7)

7

C)

7

(7)

Total

MW

31,706

(31,706)

55,489

(55,489)

68,026

(67,426)

81,344

(81,244)

%

100

(100)

100

(100)

100

(100)

100

(100)

Note) Figures represent the results of Scenario A, while figures in parenthesis represent the results of
Scenario B.

4.3 Electricity generation

Table 8 shows the electric power generation by energy sources resulted from both scenarios.

Results of Scenario A indicate that 57% of total electricity generation comes from nuclear, 33% from

coal in 2010. The situation is reversed in Scenario B, showing that 31% of total electricity generation

comes from nuclear and 57% from coal in 2010.

Table 8 Comparison of electricity generation by Scenarios

1995

2000

2005

2010

Nuclear

GWh

59.481

(59,481)

95.524

(95.524)

154.795

(129.741)

230.726

(125.717)

%

33

(33)

36

(36)

46

(38)

57

Bituminous Coal

GWh

42.296

(42.296)

111.665

(111.665)

126.686

(145.231)

130.249

(228.080)

%

24

(24)

42

(42)

37

(43)

32

(56)

Anthracite Coal

GWh

6.122

(6.122)

4,234

(4.234)

3.733

(4.113)

2.264

(2.626)

%

3

(3)

1

(1)

1

(1)

1

(1)

Oil

GWh

31.614

(31.614)

23.402

(23.402)

21.020

(22.578)

9.729

(11.214)

%

18

(18)

9

(9)

6

(7)

2

(3)

Combined Cycle

GWh

32.972

(32.972)

23.378

(23.378)

25.179

(29.752)

24.194

(29,531)

%

18

(18)

9

(9)

8

(9)

6

(7)

Hydro Power

GWh

7.338

(7.338)

7,770

(7.770)

8,217

(8.217)

8.327

(8,327)

%

4

(4)

3

(3)

2

(2)

2

(2)

Toul

GWh

179.823

(179.823)

265,973

(265.973)

339.630

(339.632)

405.489

(405,495)

%

100

(100)

100

(100)

100

(100)

100

(100)

Note) Figures represent the results of Scenario A, while figures in parenthesis represent the results of
Scenario B.
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4.4 System costs

Table 9 presents total system costs, which are consisted of capital cost, O&M cost, and fuel

cost and are derived from both scenarios. The results show that Scenario A, nuclear dominant system,

has some cost advantages over Scenario B, coal dominant system. The total system costs in Scenario A

can be saved by about 1% (l,800million $) compared with that of Scenario B during the study period.

Table 9 Comparison of system cost(capital cost + O&M cost + fuel cost) by Scenarios

(Unit: million dollars)

1995

2000

2005

2010

Total

Nuclear

1,136.7

(1,136.7)

1,723.2

(1,723.2)

6,850

(2,301.1)

8,014.9

(2,194.2)

62,972.8

(32,380.9)

Coal

2,665.9

(2,665.9)

5,061.3

(5,061.3)

4,953.7

(7,765.9)

5062.2

(12,187.3)

76,039.2

(104,460.2)

Oil

1,834.3

(1,843.3)

1,379.3

(1,379.3)

1,253.0

(1,336.3)

565.4

(644.0)

20,823.5

(21,374.8)

Combined

Cycle

3,189.6

(3,189.6)

2,430.1

(2,430.1)

2,463.8

(3,317.2)

2,133.3

(2,793.5)

42,642.2

(46,124.7)

Hydro

1,845.1

(1,845.1)

161.7

(161.7)

198.4

(196.3)

207.7

(203.2)

5,010

(4,992.9)

Total Cost

10,671.6

(10,671.6)

10,755.6

(10,755.6)

15,718.9

(14,616.8)

15,983.5

(18,022.2)

207,487.7

(209,333.5)

Note) Figures represent the results of Scenario A, while figures in parenthesis represent the results of
Scenario B.

4.5 Pollutant Emissions

The volume of pollutant emissions were derived from DECPAC by using the mass balance

and the emission coefficients. Total volume of system's pollutant emissions were estimated during the

period 1995 and 2010. The estimated volume of pollutant emissions of the paniculate, SOx, and NOx

did not show significant differences in both scenarios. However, in case of CO2, related closely to the

global warming, there was a great difference and the results are shown in Table 10. It can be found

that additional introduction of nuclear power plants has a great contribution to the reduction of the total

volume of CO2 emissions. The CO2 emissions in Scenario A are reduced by 14% compared with that

of Scenario B.
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Table 10 Comparison of pollutant emissions by Scenario

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

Total

Scenario A

Particulate

7.8

8.4

8.9

10.4

11.2

12.6

13.0

13.5

13.7

13.8

13.6

13.4

13.2

13.2

13.2

12.8

192.7

SOx

390.5

408.2

438.7

468.3

481.6

529.4

550.4

572.6

581.3

576.2

564.1

531.3

502.6

503.9

496.4

447.8

8,043

NOx

212.1

232.4

257.8

277.9

289.9

323.5

338.8

354.2

359.2

359.4

351.5

345.6

338.8

345.4

345.2

339.6

5,071.3

CO2

76.175.3

83,171.0

92,020.1

101,370.8

106,541.5

118,959.7

123,827.4

128,986.2

130,773.0

131,472.0

128,695.4

125,962.2

123,201.4

124,897.8

125,054.1

122,161.6

1,843,269.5

(Unit: 1,000 Ton)

Scenario B

Particulate

7.8

8.4

8.9

10.4

11.2

12.6

13.0

13.5

14.3

14.4

15.5

16.9

18.1

19.2

20.9

22.0

227.1

SOx

390.5

408.2

438.7

468.3

481.6

529.4

550.4

572.6

580.2

584.8

588.7

566.9

549.9

544.1

542.6

504.1

8,301

NOx

212.1

232.4

257.8

277.9

289.9

323.5

338.8

354.2

371.8

373.6

402.9

435.7

467.8

498.4

538.5

572.0

5,947.3

CO2

76,175.3

83,171.0

92,020.1

101,371.8

106,541.5

118,959.7

123,827.4

128,986.2

135,706.2

136,438.2

147,030.4

158,370.1

169,796.9

181,171.8

196,383.0

207,687.1

2,163,636.7

5. Summary and Conclusions

To analyze the role of 1300MWe PWR and 800MWe coal-fired plants, expected to be main

power generation sources in Korea, two scenarios were assumed and compared in the terms of system

costs and volume of pollutant emissions.

Scenario A, nuclear dominant system, has some cost advantages and CO2 emission reductions

over Scenario B, coal dominant system. Scenario A can save about 1,800 million $ of total system

costs and reduce 14% of CO2 emissions, compared with Scenario B during the study period.

Although nuclear power plant has been a most economically competitive option, there also

has been a wide anti-nuclear movement in Korea. However, as a concern over global environment is

growing in Korea, it is hoped that nuclear energy highly improve public acceptances by its nature of

environmentally friendly energy resources.
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Oil sludge waste may contain Naturally Occurring Radioactive Materials
(NORM), thus it is a controlled item under the Atomic Energy Act (Act 304) 1984
whose radioactivity content shall be subjected to analysis. Apart from that the
treatment method also shall be approved by Atomic Energy Licensing Board (AELB).
Thus, an analysis of the oil sludge for MSE fluidized bed incinerator was conducted to
comply to the above requirements using various techniques. Further screening
analysis of filter ash as well as bed material were done to study the effect of
radioactivity partitioning when incinerating the sludge. This paper highlights the
analysis techniques and discusses the results with respect to the radioactivity levels in
various samples and the fate of radionuclides subjected to the above process.

1.0 Introduction

Oil sludge waste in Malaysia come from offshore oil production or shipyard services
operations. The waste may contain a varied degree of Naturally Occurring Radioactive
Materials (NORMs) and thus the storage, treatment and disposal is controlled by
Atomic Energy Licensing Board (AELB) under the Atomic Energy Licencing Act (Act
304) 1984 following the relevant Guideline (LEM/TEK/30 Sem. 2, September 1996).
Apart from this, oil sludge is also considered as hazardous waste in accordance to
Scheduled Waste Act (Schedule Waste), 1989, thus it is also subject to the control of
the Department of Environment (DoE).

An incineration facility was constructed by ANI Engineering Sdn. Bhd. for Techno
Indah/Malaysia Shipyard Engineering (MSE), Pasir Gudang, Johor to treat oil sludge
collected by MSE from shipyard services operation. MINT has been requested to
analyse the oil waste as to the level of radioactivity in it as part of the AELB
requirements. MINT is also to screen the level of radioactivity in the bed material as
well as the filter ash, to investigate the possible build up in the level of radioactivity in
the bed material and filter ash, as had been shown to occur in coal power plant
combustion (Tadmor, 1986).

129



2.0 Experimental details

2.1 The Incineration Plant

The primary objective of the plant is to dispose of the oil sludge in a clean and
environmentally acceptable manner, via incineration, while recovering energy from the
sludge. The plant comprises a single chamber, fluidised bed combustor (FBC) having a
capacity of 1.6 t/hr at 17,400 kJ/kg heat capacity. The calorific value of the sludge vary
up to 40,000 kJ/kg(gross) [David, 1996]. The above average calorific value of 17,400
kJ/kg was based on the following composition (w/w %): Oil content: 40%, Water
content: 30%, Solid content: 30%.

The oil sludge was removed from the tankers in plastic bags and transported to the
sludge storage building, having a 6000 ton storage capacity. The material was fed to
shredders, where the bags and any oversize material were shredded to ensure that they
would pass through a pump. Two helical rotor pumps fitted with variable speed drives
will feed the material to the revolving fluidised bed furnace where it will be fully burnt
to produce hot gases for energy recovery in a boiler. The boiler is of the water tube type
producing high pressure superheated steam, 12,000 kg/hr at 30 bar, suitable for use in
steam turbine.

The gases passing out of the boiler contained dust which were removed by a bag filter
unit before the gases were discharged to atmosphere by an induced draught fan. The
furnace were fitted with equipment to inject limestone to control acid gas emissions to
the European Community standard. The power generation equipment comprises of a
fully condensing turbo generator set with wet type cooling tower and was a standard
package unit from a proprietary manufacturer. This unit could generate up to 1.5
MW(E) power onto the site distribution grid adjacent to the plant. Figure 1 shows a
schematic layout of the plant.

In consistance with the work of Tadmor (1986), the following terminology is used, with
respect to the plant above: Filter ash is the ash collected by the bag filter whereas fly
ash is the ash that is not able to be collected by the bag filter, the so called sub microns
particulates. Bed material is referred to the sand and ash materials deposited and
removed from time to time from the fluidised bed incinerator in order to control the bed
depth.

2.2 Sampling

The sampling was done by Techno-Indah as advised by MINT. Ten (10 Nos.)
oil sludge samples, each contained in a 350 ml plastic bottle, were taken at ten
representative locations in the storage pit. Two (2 Nos.) samples each for filter ash and
fluidised bed material were also taken to check the level of radioactivity. All samples
were placed in sealed plastic bags, transported by land on the same day of collection. In
the laboratory, the samples were stored in a safe cabinet at ambient temperature with
appropriate labeling done on them.
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2.3 Methods of analysis

The Uranium (U-238) and Thorium (Th-232) radionuclides were measured by
using Neutron Activation Analysis, whereas the other radionuclides were measured
using gamma spectroscopy.

2.3.1 Analysis of Uranium and Thorium

Samples (0.2 - 1.0 g) were accurately weighed in pre-cleaned polyethylene vials.
Standards were prepared by drying aliquotes of standard solutions on filter paper and
transfered into similar vials. Samples, standard and standard reference materials were
irradiated in the rotary rack of MINT Triga Reactor with neutron flux of 10 12 n.cm'V
for about 6 hours. Irradiated samples were cooled for several days before being counted
on a gamma spectrometer. Uranium was measured after 6 - 7 days cooling interval
using 278 keV peak of Np239 isotope, while thorium was detected after 1 5 - 2 0 days
cooling interval using 312 keV peak of Pa233 isotope. Results are calculated based on
comparative method. The method was evaluated by analysing a standard reference
material (IAEA-312) as follows.

The concentration of uranium and thorium in IAEA - 312 are:

Radionuclides

Uranium

Thorium

Our work

15.8, 17.8, 17.4

86.4, 94.2, 96.4

Recommended value

16.5

91.4

2.3.2 Analysis of Radium-226 and Radium-228

Samples (as received) were packed in 350 ml plastic container and analysed for radium
concentration using gamma spectrometers (HPGe detectors, resolution of 2 keV at 1333
keV, analysis softwares - OXFORD'S GammaTrac VI.30 and EG & G ORTEC's
Gamma Vision 2.02). Prior to analysis, the counting efficiency of gamma spectrometer
was calibrated against standard, i.e. Amersham's Reference solution EW 181
containing known activities of Mn-54, Co-57, Zn-65, Y-88, Ba-133, Cs-137 and Ce-
139. As samples densities were slightly different from the standards, corrections were
made based on a brief study (Omar, M, et al, 1991). The analyses were carried out
more than 20 days after packaging to allow radon gas (and its daughter radionuclides)
to attain equlibrium with its parent radionuclides, Radium-226.
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The photopeaks at 352 keV and 609 keV were used to calculate the activity
concentration of Radium-226. As for Radium-228, it was determined through its
daughter's (Ac-228, 911 keV) concentration.

3.0 Results and discussion

Table 1.0 shows the result of analysis for the oil sludge samples. All samples
show very little variations of radionuclide activities, except for sample No. 2, which
shows a slightly higher values of U-238 which could be attributed to experimental
error.

Upon looking at the above results, the radioactivity levels of sludge samples are,
technically speaking, very low i.e. lower than the normal soil samples found in
Peninsular Malaysia having the average concentrations of U-238, Ra-226, Th-232 and
Ra-228 found to be 73, 74, 91 and 98 Bq/kg respectively (Omar, et al, 1991). It is
interesting to note about this result as AELB consider oil sludge is a controlled item.
This has some basis, if one were to look into the oil sludge handled by oil companies
that resulted from the offshore exploration whose activities ranging from 260 to 8780
Bq/kg (Yunus, 1997). Such a big difference in the radioactivity level between the
samples under investigation and the one quoted above might be explained by the fact
that oil sludge obtained from MSE is actually originating from oil tanker which is
indeed a "clean" oil obtained after the processing of the off-shore crude above.
Therefore, this low activity is expected. On the other hand, some tankers obtained and
carry off-shore crude direct from the well (Abu, 1997). Under this circumstances, the
low activity is therefore related to the origin of the crude having some geological
history, which varies from one place to another. One such an example is North Sea
crude, known to having very low activity (Abu, 1997). Thus, the analysis of oil sludge
radioactivity as required by the legislation is justified at least to recognize the level and
thus enabling further decisions made on the fate of the waste and the possible treatment
methods henceforth undertaken.

Table 2.0 shows the radioactivity level in the filter ash. Only two samples were
taken as this is only a preliminary screening analysis. Definitely, all samples show a
significant increase in the radioactivity compared to the original oil sludge feed. This is
expected as similar trend were reported to occur with coal combustion in power plants
(Tadmor, 1986, Tso et al, 1996). It means that a majority of the radionuclides either
dislodge from the feed samples in the form of particulates or volatalized followed by a
subsequent condensation and adsorption as modelled by Lee et al ( Lee, 1088a).
Although the activity level is still low and comparable to most soil samples (Omar, et
al, 1997), its enhancement effect carries a myriad of implications. One of the
implications is that, the filter ash activity depends on the input activity, the higher the
feed activity, the higher the activity in the filter ash.

The present study does not calculate the enhancement factor as normally
reported by others ( Tadmor, 1986, Tso et al, 1996), due to lack of data. Further
quantification is therefore desireable. However, by judging from this early analysis, the
radioactivity build up are in the region of 100 times or higher than the activity in the
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original feed. This means, for every unit input of radioactivity in the raw sludge feed,
the corresponding radioactivity output in the filter ash is about 100 times more. Thus,
this plant should be operated with care especially if higher activity oil sludge is fired.
Consequently, for higher activity feed, a thorough safety assessment need to be made.

The second implication is the partitioning of the radionuclides. The partitioning
of metals in thermal processes has been reported to be the functions of various
parameters, such as the material constituent, process temperature, bed material, process
dynamics, environment and time, etc. (Ho, 1993, Clifford, et al 1993, RCL (Canada)
Ltd., 1997). One interesting observation is noted here that the Uranium nuclide tends to
concentrate in the filter ash in this particular sample and process, whereas other organic
sludge treatment using plasma gasifier is reportedly lodged in the slag material (RCL
(Canada) Ltd. 1997). This fact is not intended to compare the two totally different
technology and scenarios but is suffice to quote the various parameters that might
contribute to the partitioning process. Therefore, the partitioning mechanism should be
fully understood for each particular sample and plant in order to safely define the limits
of the operation. Again, even upon having to understand the mechanism in general for
a certain plant, the result cannot be directly applied to other non similar plant as the
mechanism is very plant and process specific. It is imperative therefore to conduct
studies based on specific needs.

The present study is however non conclusive with regard to the mechanism of
the radionuclide partitioning, therefore further research is justified to model the
partitioning process. Thus, MINT and the Universiti Kebangsaan Malaysia (UKM) are
jointly pursuing this subject through few postgraduates students.

The third implication is on the safety of the plant operations. As the
radionuclides settled in the filter ash and trapped in bagfilter, this filter ash is finally
need to be handled during disposal. Although the activity is low, the radionuclide is of
alpha-bearing type and in its dusty form can reach critical organ by means of inhalation
and ingestion. Therefore, a suitable workplace protection and safety gears need to be
addressed during filter ash handling.

It is a matter of interest to compare the present results with that found for coal
combustion, as reported by (Tadmor, 1986). Figure 2 through 4 show the comparisons
of radionuclides (U-238, Th-232 and Ra-226) in the various materials, starting from
raw feed to the fly ash for both oil sludge and coal undergoing combustion process.
Note that the range of radioactivity varies from sample to sample, thus for simplicity, it
is represented as the minimum or maximum, as shown by sludge-low or sludge-high,
etc. It is generally seen that, there is a significant and progressive enhancement of all
radionuclides acitivities in the filter ash compared to the raw feed for both oil sludge
and coal. For coal, the highest activity is shown in the flyash, followed by filter ash.
Note that some data are not available, e.g. fly ash data for oil sludge are not measured
and most filter ash data for coal are not available from the same reference above.
However, generally speaking, both material exhibits similar trend, despite of different
plant and process. From this simple comparisons, we can deduce and postulate that the
highest enhancement effect occurs in the fly ash and followed by filter ash. As there is
no data for the oil sludge fly ash and if the same phenomena as in coal applies to the oil
sludge, then further investigation as to proof the above postulation is imperative, not
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only to satisfy the hypothesis, but more of the environmental and health impact related
to the process as it has been shown that (Tadmor, 1986) this emissions at submicron
levels post the highest risks.

Table 3.0 shows the result of the bed material analysis. It is seen that the
radioactivity level is very low, showing that there is no accumulation of radioactivity in
the bed. It is surprising as in some heavy metal bearing waste subjected fo fluidized
bed incineration are reportedly retained and adsorbed in the bed material (Ho, T.C., et al
1993). Again, the contribution of the bed and sludge material compositions,
temperature and time of waste in the bed material must have been playing the role.
Further investigation is needed to reveal the phenomena. On the other hand, the level
of radioactivity in the bed material are found to be comparable to the level found in the
input sludge material, showing that the radionuclides do not settled in the bed.

4.0 CONCLUSION

The oil sludge, bed material and fly ashes were successfully analysed for
radioactivity, namely U-238, Ra-226, Th-232 and Ra-228. The levels are found to be
low and comparable to common soil samples found in Peninsular Malaysia. Some
enhancement of the radionuclide occurs during processing but the level is still found to
be relatively low. However, its enhancement effect has a myriad of significance and
implications, which is needed to be addressed. One of the main issue is the plant feed
which should be limited to the existing low activity oil sludge. For new unknown feed it
shall be analyzed prior to firing with appropriate approval obtained from AELB as to
the use of this new feed. Secondly, the partitioning mechanism or model should be
established to understand the fundamental mechanisms that contribute to the
phenomena as what has been established for coal. Analysis of fly ash radioactivity
should be included in the study to proof the postulation discussed in this paper. All
these activities are required to generate more data for future undertakings and actions,
be it by industries or legal authorities, in oil sludge treatment using thermal treatment
methods. Thus further research is therefore justified. As such the following works are
being carried out by MINT - UKM:

• more sampling and analysis of oil sludge, filter ash as well as fly ash.
• laboratory studies on fluidised bed pyrolysis and combustion to model the

partitioning mechanism
• co-firing of oil sludge and coal in fluidised bed combustor to study the

optimum firing condition and radioactivity pardoning

In whatever circumstances, the Guidelines requires the submission of the findings to the
AELB for further evaluation and decision. Apart from that, the dose levels cannot be
assessed as this require a full Radiological Impact Assessment (RIA) be made of which,
only AELB shall decide as to the needs and relevancy. However, if the findings of
radioactivity levels in the fly ash is high, it will justify the RIA studies be made to
assess the health effect which could be significant as the present mitigation methods
does not address this issue.
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TABLE 1.0

Oil Sludge Sample

No.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Sample Code

No. 1
No. 2
No. 3
No. 4
No. 5
No. 6
No. 7
No. 8
No. 9
No. 10

Activity Bq/Kg.

U-238
< 0.6

3.7 ± 0.4
1.1 ± 0.1
1.4 ± 0.4

< 0.6
< 0.6
< 0.6

1.9 ± 0.4
1.8 ± 0.4
1.4 ± 0.4

Ra-226
< 0.6
< 0.6
< 0.6
< 0.6
< 0.6
< 0.6
< 0.6
< 0.6
< 0.6
< 0.6

Th-232
L_ < 0.2

1.0 ± 0.1
0.8 ± 0.1
0.7 ± 0.2
0.3 ± 0.1

< 0.2
0.3 ± 0.1

< 0.2
< 0.2
< 0.2

Ra-228
< 4.0
< 4.0
< 4.0
< 4.0
< 4.0
< 4.0
< 4.0
< 4.0
< 4.0
< 4.0

TABLE 2.0

Filter Ash Sample

No.

1.
2.

Sample Code

No. 1
No. 2

Activity Bq/Kg.

U-238
131 ± 6
148 ± 8

Ra-226
124 ± 5
112 ± 8

Th-232
135 ± 7
154 ± 4

Ra-228
150 ± 9
150 ± 12

TABLE 3.0

Bed Material Sample

No.

1.
2.

Sample Code

No. 1
No. 2

Activity Bq/Kg.

U-238
3.5 ± 0.2
2.6 ± 0.4

Ra-226
< 6.0
< 6.0

Th-232
1.0 ± 0.1
0.4 ± 0.1

Ra-228
< 4.0
< 4.0
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Medical A pplication of Nuclear Science: Nuclear Medicine and
Production of Radiopharmaceuticals

By Louis CORNET, CIS bio international

I - INTRODUCTION

The Radioactivity, born with the world, is today essential in biology and in medicine.

Since 50 years, the Radioactivity has been involved in almost all progresses in these fields.

At the present time, the three main areas in medical application are:

• In-Vivo application for diagnostics or therapy (use of radiopharmaceutical products),
• Radiotherapy (use of radioactive sources or accelerated particules),
• In-Vitro application diagnosis, measurement of tumor markers.

II - HIGH LIGHTS

In the brief resume hereafter:

Some dates...

1896

1898

1934

1939

1941

1951

1952

1958

1959

Sixties

Seventies

Eighties-
Nineties

Henri Becquerel detects the natural radioactivity

Pierre and Marie Curie discover the Polonium and the Radium

Frederic and Irene Joliot discover the artificial radioactivity

First leukaemia treatment with 32P

Two isotopes are produced for the medical use: 24Na and 42K

Birth of the scintigraphy

First French scintigraph at Curies Institution

Founding of Frederic Joliot Hospital (ORSAY) Nuclear Medicine department of the CEA

First radioimmunoassay

Sterile generator "Mo - 99mTc

Development of Cyclotron products - Start of the tomography

Use of monoclonal antibodies labelled with Isotopes 131I - n i In - s^Tc
Time of biotechnologies and radioactivity

the key dates remind the fact in few decades from the discovery of the radioactivity we are today
speaking about biotechnology, antibodies and immunotherapy.

During what we could call « the Golden Years » 1950 - 1970, a lot of products have been produced
and used. Then due to the evolution of the rules and the economical parameters which became
more and more important, the actual list of radioisotopes is relatively short. Efforts research and
development are on molecules to label with them.
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For example, in 1962, the common catalogue for the two nuclear institutes French (CEA) and
Belgian (CEN) offered more than 100 isotopes and more than 200 labelled molecules. In
comparison, nowadays, only 20 radioisotopes are currently commercialized:

Isotopes used for Nuclear Medicine (non exhaustive list)

REACTOR

99mTc

131J

issxe
125J

9oy

18GRe

1S9Er
59Fe
51Cr

1S3Sm
89Sr

CYCLOTRON
201T1

e?Ga

i»In
123]

lospd

18p

III - MEDICAL APPLICATIONS OF NUCLEAR SCIENCES

III - a) - RADIOPHARMACEUTICALS

The nuclear medicine principle of genesis of a radiopharmaceutical is as follows:

I I I - a . 1. PRINCIPLE

REACTOR CYCLOTRON
MOLECULES

(Chemical molecules with
monoclonal antibodies)

TRACER VECTOR

RADIOPHARMACEUTICAL

INJECTION

DYNAMIC FUNCTIONAL IMAGE
or THERAPIC APPLICATION

the Producer is dependent of the Reactor disponibility and/or a Cyclotron (with the right
specification) and the biology associated to the equipment and its improvement.

The photon or particles emitted by the isotope have to be detected by the existant machines. The
shelflife has to be sufficient to reach the target in the body but not too long to minimize thf
irradiation.
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Ill - a.2. GENESIS OF THE PRODUCT

The radioisotopes are used on its one, or in simple chemical form (examples: I31/i23j-^
99mjco4-) o r in combination with complex molecules.

All of them are produced artificially from methods briefly described hereafter:

• nuclear reaction induced by fast or thermic neutrons (reactor)

example: l3crTe (n,y)131Te &- > ™H
25 min

• nuclear reaction induced by charged particles (cyclotron)

example:20^ (p,3n)2°iPb &+ (
 2O1T1

9,4 h

• by fission (reactor)

235U + in • 236U (fission) • " M o • 99mTc
23SU (enriched > 93%)

For someone, it is possible to use them directly, for others, according to the characteristics of the
isotopes, mainly half life, we have been obliged to create and use what we call generator

- "Mo / 99mTc generator
- ussn / iismin

8 1 m Kr

Most of the time, separation method between father and daughter for these generators is
chromatography with organic support such as: Al2O3, S»Oz, 2rOz, etc ...

In any case, the products resulting from these processes have to be sterile, apyrogen, non-toxic and
several tests have also to be performed:

• radiochemical yield: radioactivity measured of the daughter

theoretical radioactivity of the daughter

• radionucleidic purity: < 0,1%

• radiochemical purity: example: "Mo / 99mTc -> 99mTcO4-

• chemical purity: example: impurities as Al3+

III - a.3. SELECTION OF THE METHOD AND ISOTOPES

As already mentionned, the characteristics of the isotopes determine the choice in study of the new
products, in association with the biological specifications of the tissues which constitute the target of
the investigation. For instance, for some ovarian tumor, the Indium is the isotope selected for this
purpose since the cinetic of accumulation of the vector in a low vascularized tumor and
consequently incompatible with Tc (6h / 67h). Example: INDIMACIS (CIS bio international)
monoclonal antibody OC125 F(ab')2-DTPA for diagnosis of relapsing ovarian adenocarcinoma.

Last example: regarding Technetium, two categories of products could be considered:

- labelled compound having similar characteristics and similar biological way as the compound
without labelling {ex.: cells, colloids, proteins, antibodies)
- compounds with biodistribution variable according to the new characteristics of the complex
vector-Tc.
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- For the labelling different methodes exist and again are fixed by the chemical properties of the
components involved and the purpose of the final product.

A non-exhaustive list of methods is:

- covalent bound for Tc (peptide, Ab) Tc-peptide or Ab

or

- vector - ligand - Tc

- isotopic exchange for iodine

m-iodo benzylguanidine

NH

NH2+123I 150°c

30min

NH NH2

To conclude: till now, we are able to visualize a function but not always to quantify it, since we do
not know to measure precisely the quantity of the radioactivity present in the organ. A new
challenge for specialist and research in Imagery.
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Briefly, the two other areas of nuclear medical application are described as follows:

HI - b) - RADIOTHERAPY - SOURCES AND EQUIPMENT

THE PRINCIPLE

DESTRUCTION OF TUMOR CELLS THROUGH RADIATION SOURCES

ENDOCAVITARY
BRACHYTHERAPY

EXTERNAL
RADIOTHERAPY

RADIATION IS PRODUCED BY RADIOISOTOPES OR ACCELERATORS
and only three isotopes are currently used

RADIOTHERAPY - SOURCES AND EQUIPMENT

MAIN SOURCES

CIRUS
Theratron

Curietron B
Curietron AMRA

Iridium Wires
GAMMAMED

III - c) - IN VITRO DIAGNOSTICS - IMMUNODIAGNOSTICS

PRINCIPLE

FORMATION OF A COMPOUND:
Acl - A c - Ac2*

Wahsing

MEASUREMENT OF THE TRACER
FIXED ON A SOLID PHASE

The isotope used in this field is 125I.

The quantity for this application is not important comparatively to the medical application, but a
high quality is requested.
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In resume, the synergy illustrated in the next figure between the three areas is very strong,
especially for actors involved in all of them, as CIS bio international.

IN VITRO DIAGNOSTICS - ACM (Monoclonal antibody) - Oncology

IN VITRO
DIAGNOSTICS

RADIOIMMUNO-
l THERAPY

IN VIVO
DIAGNOSTICS

THERAPY

IN VITRO
DIAGNOSTICS

SCINTIGRAPHY

IMMUNO
SCINTIGRAPY

RADIOTHERAPY



IV - SPECIFICITIES OF THE THREE AREAS

IV - a) SPECIFICITIES OF THE EXPERTISES

IV - a. 1. Nuclear Medicine
Radiopharmaceuticals

Expensive industrial investments

Important and increasing regulatory
constraints: pharmaceutical, nuclear

LIFE DURATION OF A PRODUCT > 10 ans

IV - a.2. Therapy
Sources and Equipment

Expensive industrial investments

Important regulation constraints: transportation,
treatment of radioactive waste ...

Necessity of plurality skills: nuclear,
mechanical, data processing, systems

LIFE DURATION OF A PRODUCT > 10 years

IV - a.3. In Vitro diagnostics
Immunodiagnostics

Strong innovation
•> High R & D potential

Duration of gestation of a system:
5 to 10 years

Life duration of a product:
5 to 7 years

Strong economical pressure
•^ Health policies
•> Price pressure

Trend towards systems
•> Reagents + equipment
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IV - b) PRODUCTION ASPECTS

The first priority for the people involved in nuclear medicine is the medical function and respect of
the patient. So quality and time of delivery of the product have to be respected. Consequently each
need from the hospital is transformed instantaneously in an order to the producer. From this time, it
is a race against the clock. The objective is to deliver the product in 24 hours or in three days
maximum, anywhere in the world.

So, due to the worldwide expansion of this speciality, the time to deliver the product with a bicycle
after a friendly conversation between the doctor and the researcher is totally finished.

We can resume as follows the production and shipment diagram:

Selection of the reactor for
irradiation of targets following
their schedule of running
or irradiation planification of
cyclotrons

T
Orders

Chemical treatment, simple on the principle
but sophisticated (minus quantity by chemistry
by extraction methods)

Purifications

Sterilization and Quality Control

Use in the
laboratory

Packaging and
Shipment

To practice this cycle efficiently and reliable, 3G5 days a year, the manufacturers have developped
an agenda for the availability of the products, the connection with the forwarders and airline
companies, education of all job involved in shipment. Nowadays, the logistic is in the heart of the
success and the key point for offering a good service.

So for a radiopharmaceutical producer, the key points for ensuring production and the delivery are
to follow the nuclear safety rules, inside the facilities, during the transportation and in users sites.

For example, such a company like CIS bio international ship roughly 20.000 parcels/month in 60
countries by trucks, trains and planes.

We are totally entered in an industrial era.

IV - c) THE EVOLUTION OF THE NUCLEAR MEDICAL APPLICATION

For example the companies or producers in a general term of radiopharmaceuticals have to acquire
and did it, a good capacity in clinical research and clinical monitoring.

Licensing of the radiopharmaceuticals has become very expensive and time consuming. A very
rough estimation indicate that when a potential molecule has been identified, approximatively 2r3
millions of USD has to be spent before the first clinical step. In despite these specificities which
could appear restrictive, the radiopharmaceuticals or the nuclear medicine world is evoluting.
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The following figures show the evolution and development of the market:

Table 12
WORLD NUCLEAR IMAGING

Year
1995
2000
2005

Radiopharmaceuticals
$1.1 billion
$1.7 billion
$2.7 billion

Gamma Cameras
$500 million
$600 million
$700 million

Other
$100 million
$300 million
$500 million

Total Market
$1.7 billion
$2.6 billion
$3.9 billion

Note: 1. European radiopharniaceuticals in 1995 were $500 million, forecast to $900 million by 2000
2. Others include PET and SPT,CT systems

Vol. 19, No. 5 THEBBI NEWSLETTER Pa$e 97 MAY1996\

In the next figures, we can see the change in the European legislation showing in parallel
interaction between standard products and high tech products.

RADIOPHARMACEUTICALS IN EUROPE

| PHARMACEUTICALS

1965 - Directive 65/65/EEC
related to pharmaceuticals

1975 - Directives 75/318 - 75/319
75/320
Complete 65/65/EEC
Exclude radiopharmaceuticals

1989 - Directive 89/343/EEC
extend 65/65/EEC to
radiopharmaceuticals

1991

1992

CIS bio international

BIOTECHNOLOGY |

1987 - Directive 87/22/EEC
High tech products for human
use

- Notes related to:
. Radiopharmaceuticals
. Radiopharmaceuticals based on M.Ab

- Notes to applicants:
EC filing format for biotechnologies
products (including radiopharmaceuticals)

In order to manage such an evolution and succeed to reach the new challenge, we can see around
the world some new association as for example in Europe the creation in 1992 of ARPE (Association
for Radiopharmaceutical Producers in Europe)

ARPE'S OBJECTIVES

• To represent the common interest of the members in relation with European Community and
with other national and international authorities.

• To increase the awareness of the benefits of radiopharmaceuticals.
• To represent its members in dealing with other scientific, educational or professional

association groups or societies, such as EANM, EFPIA.

CIS bio international
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CONCLUSION

In despite of the restrictive parameters such as the safety rules, reduction of health care
costs, the nuclear medicine is increasing and generally integrated in all new nuclear
project including a research reactor (example: Morocco, Thailand ...).

Associated to the high technologies, Imagery, Immunology and molecular biology, the
Nuclear Sciences participate in the future of the medicine.

The key points determining the structure and the organization of this world and actors are:

• switch from epoch of research to epoch of industry with the consequence of epoch of
mergers

• health care cost => a worldwide phenomenon
• legislative and ecology => survey in multiplication of production sites and cause of the

definitive stops of some one

In all new project, these elements constitute the guide in the adventure of the nuclear
medical applications.
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ABSTRACT

Deinococcus Radiodurans, formerly known as Micrococcus Radiodurans, is a popular
bacterium because of its high resistance to damage by carcinogens such as ionizing
radiation (Dean et. al. 1966; Kitayama & Matsuyama 1968) and UV radiation (Gasvon et.
al. 1995; Arrage et. al. 1993). In this report, we investigated the high resistance to
ionizing radiation by this bacterium. The bacteria had been exposed from 1 to 5 kGy of
gamma radiation and then incubated in TGY medium to study their ability to repair the
broken DNA. The repair time was measured by Pulse Field Gel Electrophoresis (PFGE)
method. The repair time for each dose was determined. Also in order to ensure that the
repair was perfect, the bacterium was subjected to a second exposure of ionizing radiation
after it has fully repaired. It was found that the "second" repair characteristic was similar
to the first repair. This confirmed that the repair after the exposure to the ionizing
radiation was perfect.

INTRODUCTION

Many sicknesses, such as cancer, AIDS and some hereditary genetic disorders are
attributed to the change in the DNA of the patient. Hence, great interest is now placed on
investigating the mechanism of damage and repair of the DNA in the nucleus of the cell
(Raymond et.al. 1995). The most common method of investigating the DNA is by
studying simple DNA in bacteria to understand the basic molecular biology and
chemistry. Then only it is possible to understand the more complex nature of the human
DNA. In this report, the reparability of Deinococcus Radiodurans was investigated by
Pulse Field Gel Electrophoresis method. The remarkable repair capability of these
bacteria made it an interesting subject for our investigation. If the whole process of repair
can be more understood from studying this bacteria, the next step would be the
application of this knowledge for more practical use. This work was performed in
Biotechnology Laboratory of Japan Atomic Energy Research Institute (JAERI), Takasaki,
Japan. Another group of scientists in this laboratory was trying to isolate the genes
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responsible for this remarkable repair and transfer it in normal E-coli. Preliminary results
showed that the resultant E-coli also became radiation resistant (Barrows 1989).
Investigation of this nature was still in progress and more results would be forth coming
from this laboratory.

MATERIALS AND METHODS

1.0 ml of frozen glycerol stock D. Radiodurans MR1 cell was inoculated into 150 ml of
TGY liquid culture medium (0.5% bacto-tryptone, 0.3% bacto-yeast extract, 0.1%
glucose in distilled water and at pH 7.0). The bacteria were allowed to grow for about 14
hours at 30 °C with strong shaking for good aeration. The bacteria were harvested at the
exponential growth phase for this experiment. The volume of the culture solution to be
used as one sample was determined by measuring the light transmission using a
spectrophotometer, as 710 |il solution with Optical Density of 1.0 by 660 nm light is
equivalent to 4 x 109 bacteria cell. This volume of TGY was filtered through Millipore
filter paper of pore size 0.22 |j,m and diameter 25 mm using specially made suction
apparatus. The cells were washed twice with 10 mM phosphate buffer (PB). The total
cells of about 4 x 109 were used as one sample for irradiation. The bacteria on the filter
paper were placed on PB agar gel (2%) for irradiation.

After the irradiation, the cells were transferred to TGY agar gel (2%) plates for the
bacteria to repair the damage in the incubation chamber at 30 °C. Timed samples were
taken from the TGY agar gel plates in order to determine the time required for the
bacteria to fully repair itself.

These samples were than washed with PB buffer and finally with Multibuffer to be made
into agarose plugs for enzymatic action, such as the lysozyme to destroy the cell wall and
proteinase-K to destroy the proteins. Then the plug was treated with Not 1 restriction
endonuclease to cut the genomic DNA into the banding pattern to be measured using
Pulse Field Gel Electrophoresis (PFGE) by Geneline™, Beckman (Contopoulou et. al.
1987). The plugs were cut so that it can be fitted into the agarose gel mold and
electrophoresesed for 16 hours at 8 °C of TAFE electrolyte. The DNA in the gel can be
stained by Ethydium Bromide (EtBr) and photographs of the DNA banding pattern can be
made as shown in Figure 1.

RESULTS AND DISCUSSION

Figure 1 showed the results of the stages of repair for irradiation with gamma ray of 1.0
kGy, with respect to time of incubation in TGY medium at 30 °C, this is also the time
after the irradiation, for the D. Radiodurans to repair itself. From this figure, it can be
concluded that after 100 minutes, the D. Radiodurans was fully repaired by comparing
with the unirradiated sample as the control. Immediately after the irradiation, the
bacteria's DNA was badly broken up as can be seen in the lane with 0.0 minutes and
compare with the unirradiated sample as control. Slowly, the brightness at the bottom of
the subsequent lanes diminished because more and more of the DNA's are partially
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Control
(no dose)

0.0' 90' 100'

Figure 1 The repair time in minutes for D. Radiodurans in TGY
after 1 kGy of Gamma Irradiation

repaired. In the lane for 70 minutes, the smallest DNA band at the bottom showed very
distinctly. Then as the time progressed, more and more bands started to appear, and at
100 minutes, the bacteria was fully repaired because all the banding pattern appeared
same as the controls. Table 1 showed the summary of the results of the irradiation dose
and the repair time by D. Radiodurans to Co-60 gamma radiation.

Table 1 The repair time in hours after the D. radiodurans was exposed
to different doses of gamma radiation.

Dose, kGy
Repair time, Hr

1.0
1.7

2.0
3.0

3.0
3.5

4.0
4.5

5.0
5.2

In order to be sure that the DNA repair was perfect, the bacteria was subjected to a second
irradiation after the full repair to study the 'second' repair characteristic. Figure 1.2
showed that the second repair was almost similar to the first repair, as the 100-minute
lane showed that the bacteria had fully repaired itself. This proved that the bacteria has
fully recovered after the first irradiation and showed the second irradiation effects were
the same as the first.Table 2 showed the summary of the results of the irradiation dose
and the second repair time by D. Radiodurans to Co-60 gamma radiation.
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Table 2 The second repair time in hours after the D. radiodurans was
exposed to different doses of gamma radiation

Dose, kGy (First; Second)
Second Repair Time, Hr.

1.0; 1.0
1.7

2.0; 2.0
3.0

CONCLUSION

This experiment showed that if ample time was given to D. Radiodurans to repair itself
after subjecting the bacteria to high doses of ionizing radiation, the bacteria can repair
itself. The second part of the experiment confirmed that the repair was perfect because
the second repair characteristics were the same as the first.
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One of the research projects undertaken during the implementation of the IAEA Technical
Assistance Cooperation Program in our department was inhouse production of Sestamibi
(MIBI) kit to be labeled with Tc-99m pertechnetate for myocardial studies and for
malignant tumor imaging. 100 mg raw material of Sestamibi was supplied by IAEA and
the kit was prepared based on Janoki recipe. Using 6 mg MIBI, 192 mg glycine, 3.6 mg
stannous chloride, 62.4 mg Na4Po4 and 24 mg cysteine we have prepared 24 vials of
MIBI kit under sterile condition and stored in the freezer at -70C. The sterility of the kit
was confirmed by microbiological test using cultured method. The stability test was done
by labeling the kit with Tc-99m pertechnetate at day 1,7,14,30 and 60 days after kit
preparation. Using two system butanone and saline with ITLC the labeling efficiency of
Tc-99m (MIBI) was found to be more than 90% in each case. The labeling efficiency was
found to maintain at 90% up to 24 hours post reconstitution at room temperature.
Biodistribution study was carried out by administering Tc-99m (MIBI) to mice
intravenously at the dosage of lOOuCi per 20gm body weight. The mice were sacrificed
at 3 hours and 24 hours after the dose administration. Blood, heart, lung, intestine,
kidney and stomach samples were obtained, weighed and measured for radioactivity using
gamma well counter. The data showed that after 3 hours about 60% of the injected dose
accumulated in the intestine which was in agreement with IAEA standard. At 24 hours
the amount in the heart still remained about 15% of the 3 hours uptake. Inhouse
production of MIBI kit is easy, fast and cost effective. The data suggested that the quality
of our kit was good enough to be used for further animal research and clinical trials.
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Introduction

Technetium-99m hexakis-2-methoxy isobutyl isonitrile (Tc-99m-MIBI) was developed
using Sestamibi kit containing a lyophilized mixture of the chelating agent in the form of a
copper (I) salt of tetrakis (2-MIBI) tetrafluoroborate, stannous chloride, sodium citrate,
mannitol and L-cysteine hydrochloride monohydrate as a substitute for Thallium-201 in
myocardial perfusion imaging. Labeling is carried out by adding a sufficient amount of
technetium-99m pertechnetate to the kit vial and heating the mixture in boiling water bath
for 10 minutes (1). Recent studies have shown that Tc-99m-MIBI could also be used as
tumor imaging agent in various benign and malignant lesions, including lung, breast,
thyroid, brain tumors and lymphoma (2,3,4,5). It is also useful in detecting metastatic
lesions in patients with thyroid carcinoma which are not evident on 1-131 scintigraphy but
are suspected because of high thyroglobulin levels (6). The main drawback in using Tc-
99m-MIBI for routine use is the high cost of purchasing Sestamibi kit.

This work was undertaken to develope Sestamibi kit for our own use since at it was not
yet commercially available in Malaysia and very expensive to import. This study was
possible due to the help from IAEA in providing Sestamibi raw material and expert
assistant.

Materials and Methods

Raw materials for making Sestamibi kit in this work were supplied by IAEA and of
analytically pure grade. In this study 24 vials of Sestamibi kit were produced using G.
Janoki recipes. The basic materials required were: (a) 6 milligrams Sestamibi, (b) 192
milligrams glycine, (c) 15 milligrams stannous chloride anhydrous, (d) 260 milligrams
sodium phosphate and (e) 100 milligrams cysteine.

I. Kit formulation.

( i ) 6 milligrams of Sestamibi was dissolved in 240 microliters absolute ethanol.

( ii ) 192 milligrams glycine was dissolved in 8 milliliters of nitrogen purged water.

( iii ) 15 milligrams stannous chloride, 260 milligrams sodium phosphate and 100
milligrams cysteine were dissolved in 1 milliliter nitrogen purged saline.

All solutions were kept in ice to keep the temperature constant. 240 microliters of solution
(iii) was taken and was added into 3.5 milliliters of nitrogen purged saline. The resulting
solution was then added into the mixture of solution ( i ) and solution ( ii ). The solution
was mixed well and the final volume was increased to 12 milliliters by adding saline.
Finally 0.5 milliliter of the resulting solution was dispensed through 0.22 micrometer filter
into nitrogen filled vial ( Amersham ) under a class II Biohazard Laminar Air Flow using
aseptic technique. This process would constitute a vial of Sestamibi kit. All together 24
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vials have been produced using this technique and they were kept in the freezer at -70C. 3
kits produced were used for sterility test.

II. Sterility Test

The kits were sent to our Microbiological Department to test for sterility using culture
technique.

HI. Stability study.

The Sestamibi kits stored in the freezer for 1, 7, 14, 30 and 60 days after their production
were used in labeling process. About 3-5 millicuries of technetium pertechnetate were
added into the vial of Sestamibi kit and the solution was heated in water bath for 10
minutes. Then it was cooled at room temperature for 20 minutes before checking for the
labeling efficiency. In each case the labeling efficiency of the products was evaluated by
ascending paper chromatography using ITLC-SG paper in butanone and in saline. In saline
the activity remaining at the origin was Tc-99m-MIBI while in butanone the activity
remaining at the origin was reduced hydrolyzed technetium-99m. For each case also the
labeling efficiency of Tc-99m-MIBI was monitored up to 24 hours after the labeling
process to check for the stability of this product.

IV. Animal study.

6 mouse weighing about 20 grams each were used in the study. About 100 microcuries of
Tc-99m-MIBI was injected intravenously to the tail for biodistribution study. The study
was carried out at 3 hours and 24 hours after dose administration. Three mouse were used
for each time interval. After scintigraphy using gamma camera were done the mouse were
sacrificed. The blood, heart, lung, liver, intestine, stomach and kidney were collected,
weighed and measured for radioactivity using gamma well counter.

Results

Figure 1 shows the labeling efficiency of the products of Tc-99m + Sestamibi kit using kits
with different storage time. The products were Tc-99m-MIBI, hydrolyse reduced Tc-99m
and free pertechnetate. In all kits with different storage times we could see that the
labeling efficiency of the products were about the same. The production of Tc-99m-MIBI
was very high which was more than 95% and the rests of the products were below 5%.
Figure 2 shows the labeling efficiency of Tc-99m-MIBI monitored up to 24 hours after
preparation at room temperature for different storage time. The largest variation observed
was the kit stored for 1 day with labeling efficiency decreased by 2.7% in 24 hours.

Sterility test has shown that no growth was observed after seven days incubation for the
Sestamibi kits that we produced.

The biodistribution studies carried out at 3 hours and at 24 hours after the dose
administration are shown in Table 1. The percent uptake is the activity remaining in the
organ expressed as the percentage of the injected dose. The data reported were based on
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the average value of the measurements taken using 3 mouse at 3 hours and at 24 hours.
The results indicated that the activity remaining in the intestine at 3 hours was about 60%
of the injected dose and decreased to 5% at 24 hours. In the heart the activity measured at
3 hours was 1.2% of the injected dose and decreased to 0.2% at 24 hours. We have used
data available from IAEA as our standard (7) and compared them with ours in Table 2.
Overall our data at 3 hours were in good agreement with the standard.

Discussion

This project was undertaken considering the high cost of obtaining Sestamibi kit and the
great potential of Tc-99m-MIBI in cardiac and tumor imaging. We have produced
Sestamibi kits based on Janoki recipe using materials commercially available in our own
laboratory. The data in Figure 1 indicate that our kits do not deteriorate in quality when
stored up to 60 days after preparation. This observation was supported by the finding that
the labeling efficiency of the products remained constant in the kits used. Very high yield
of Tc-99m-MIBI obtained in all the kits suggested that we have successfully formulated
our kits based on Janoki recipe. The stability of Tc-99m-MIBI was tested up to 24 hours
after preparation using the kits stored up to 60 days. From Figure 2 the data show that the
stability of the radiophamacuetical does not change very much in each case indicating that
it could be used for the study at least up to 24 hours after preparation.

The Sestamibi kits produced also confirmed sterile showing that the aseptic technique of
the production was good.

From the animal studies in Table 1 55% of the activity was cleared from the intestine in 21
hours. Comparing the data in other organs this means that most of the Tc-99m-MIBI
injected was excreted by this organ. The activity in the heart decreased by only 1% in 21
hours indicating good accumulation of the radiopharmacuetical in this organ. This
observation supports the previous works that Tc-99m-MIBI is good for cadiac imaging.
Based on IAEA standard at 3 hours data we have obtained consistent results for all the
organs studied.

Conclusion

Our experience in this work revealed that the inhouse production of Sestamibi kit was
easy, fast and cost effective. Our results have shown that when labeled with technetium
pertechnetate the kits produced high labeling efficiency of Tc-99m-MIBI. Further study
will be carried out in tumor bearing animals.

Acknowledgment

The authors gratefully acknowledge IAEA for providing Sestamibi raw materials and
expert assistant.

156



Chart!

100

90

80

70

60

50

I 40
&

* 30

20

10

0

Figure 1. Labeling efficiency the product of Tc-99m + Sestamibi kit

-Tc-99m-MIBI
- Hydrolyse reduced Tc-99m |
- Free perlechnetate

:-99m j

Days after kK preparation

Pagei

Chart2

Figure 2. Stability of Tc-99m-MIBI

99.5

99 ;

98.5

u
£ 98
u

i
D> 97.5

3 97

96.5

96

95.5

95

—•—Day 1

- • - D a y 7

- A - D a y 14

- K - D a y 30

- X - D a y 60

———i

Hours after preparation 24

Page 1

157



Table 1. Percent Uptake of Tc-99m-MIBI in Organs

Organs

Blood
Heart
Lung
Liver

Intestine
Spleen

Stomach
Kidneys

At 3 hours
% uptake ± sd
0.17 ± 0.03
1.16 ± 0.12
0.11 ± 0.03
4.69 ± 0.71
59.09 ±1.75
0.08 ±0.04
0.72 ± 0.16
4.07 ±0.94

At 24 hours
% uptake ± sd

0.03 ±0.01
0.19 ±0.01
0.02 ±0.01
0.05 ±0.11
5.15 ±1.35
0.02, ±0.01
0.05 ±0.02
0.29 ±0.05

Table 2. Percent uptake of Tc-99m-MIBI in organs at 3 hours after dose
administration

Organ

Blood
Heart
Lung
Liver

Intestine
Spleen

Stomach
Kidney

Our data
% uptake ± sd
0.17 ± 0.03
1.16 ± 0.12
0.11 ± 0.03
4.69 ± 0.71
59.09 ± 1.75
0.08 ±0.04

0.72 ± 0.16
4.07 ±0.94

IAEA
% uptake ± sd

0.16 ±0.01
1.43 ±0.18
0.12 ±0.02
4.08 ±0.79
52.54 ±2.9

-
0.95 ±0.19
2.44 ±0.48
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Good morning ladies and gentlemen. I am very pleased to be here as a representative of the
American Nuclear Society and the Food Safeguards Council to discuss food irradiation and its
future use in the United States. I have deliberately chosen not to make this paper a technical
discussion of the food irradiation process or the equipment used in this process but instead focus
on the status of this technology and its potential for commercial application. As you will see from
this slide, food irradiation is a proven and accepted technology used throughout the world for
more than 40 years and endorsed by many of the world's leading technical and societal
organizations. Significant research has been done and it is safe to say there are no major
technical barriers to overcome to make this process work. The real problem with food irradiation
is public acceptance and understanding its benefits versus possible risks.

I will begin by describing what food irradiation is and what it is not. Food is irradiated using
ionizing energy in the form of gamma rays from radioactive isotopes, x-rays, or electrons from
paticle accelerators. By exposing food to this ionizing energy, insects, molds and fungi are
destroyed as well as microbial pathogens that cause food to spoil and can result in food-borne
illness. It is important to understand that food irradiation is analogous to other food processes
such as heat pasteurization, canning, freezing, or dying. In fact, it has been shown that
irradiation has far less effect on the consistency, quality, taste, and appearance of food than
other more widely accepted processes. Food irradiation can be compared to microwaving as
microwaves pass through the food for the purpose of cooking but do not cause the food to emit
microwaves once the process is stopped. Unlike microwaves, the amount of energy used to
process food by ionizing energy is relatively low and little heat is produced. There are no hot
fluids or gases that could generate an explosion or radioactive gases, liquids, or solvents that
could be accidently disseminated into the surrounding environment. There are no known ways in
which the sources could be used to produce nuclear weapons. Facilities used to treat food with
ionizing energy are very different from those required in power plants or weapons production in
that they contain no uranium or other fissionable material and no source of neutrons to produce
fission.

When food is cooked, significant amounts of heat are added and chemical reactions take place
that change the nature and appearance of the food. In contrast, ionizing energy penetrates food
virtually instantaneously and as a result the molecules that form when food is exposed to ionizing
energy are not a new breed of compounds but the same kinds of compounds encountered in
untreated food and in food processed by other methods. No chemical compounds have ever
been found in food treated with ionizing energy that have not been found in corresponding
unprocessed food or in food processed by other accepted methods. An enormous amount of
data and information describing technical processes that take place when food is irradiated is
available and some of it is referenced at the end of this paper. This technology has been with us
for over 50 years.

Food irradiation is not a substitute for cleanliness and safe handling packaging and storage of
foods, and is not a cure for foods that are spoiled, infected, or diseased. (For example, if you
froze or microwated spoiled meat, it would still be unsuitable for consumption). The same logic
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applies to food irradiation. Based on the accumulation of scientific data, some of which is given
in the list of references following this paper, I can assure you the technical processes involved in
food irradiation are safe and acceptable when used properly and under controlled levels of
irradiation.
Why is food irradiation so important? Originally, it was thought food irradiation would be an
excellent way to preserve food and in particular inhibit post-harvest sprouting of tubers and bulbs
and delay ripening of soft fruits and vegetables. In addition, ionizing energy can eradicate certain
insect pests that are detrimental to food production, such as the fruit fly and other parasites that
infest raw fruits and vegetables as well as harvested and processed grains, wheat, and corn, and
various kinds of spices. All of this is true and by itself would be more than sufficient justification
to use food irradiation as a wide-spread food processing technique. We know, for example, that
more than 25 percent of the world's food supply is lost due to spoilage and infestation. If one
could reduce this loss by using food irradiation, it would go a long way towards combating world
hunger. But there is an additional and perhaps more important benefit from food irradiation and
that is to eliminate or reduce micro-organisms, parasites, and pathogens in food that cause food-
borne illnesses and even death. In January 1993, in the western USA, an outbreak of E-Coli
occurred and two children died and more than 400 people became ill from eating tainted
hamburger at a fast food restaurant. This is a dramatic example of ongoing statistics which show
that more than 50 million cases of food-bourne illness occur each year resulting in 9,000 deaths.
Today in the United States there is an increasing awareness that food quality is a growing
problem. As more and more food is subject to mass production techniques for harvesting,
processing, and handling it becomes increasingly difficult to prevent the introduction of food-
borne pathogens such as salmonella, trichinosis, and the deadly E-Coli 157:H7. Treating foods,
particularly poultry, fish, and meat, with steam or chemicals is of questionable effectiveness and
produces undesirable side effects. Irradiating food is a sure way to protect against food
becoming diseased.

To give you an idea of some of the food items that can be irradiated, this slides lists vegetables,
fruits, and meats. I assure you these are just indications of particular foods that are more
routinely irradiated.

The next slide shows the beneficial effects of food irradiation and the level of dose that is applied.
Dose rates needed to irradiate food are described in Kilograys (KGY). One kilogray is equivalent
to one kilojoule or 240 gram calories/kilogram of material. For example, strawberries exposed to
2 kilograys of ionizing energy inhibit molding, that occurs during storage, for an additional 2
weeks. It can be a very important factor in harvesting and shipping. Through this process more
strawberries, for example, would be available to more people throughout the world. The U.S.
Food and Drug Administration approved the use of food irradiation to help control salmonella in
poultry feeds. There are a number of theories that place the orgin of the salmonella pathogen in
the feed rather than the animal. The U.S. Department of Agriculture amended meat inspection
regulations to provide irradiation of poultry products.

A serious problem in the United States is the high percentage of poultry products found to have
salmonella pathogens present. Salmonella is almost always on the skin of poultry which is the
first portion to be cooked and, therefore, salmonella poisoning from the poultry itself is not very
prevalent. On the other hand, raw chicken contaminated with salmonella and placed on another
surface, such as a cutting board or china plate, will transmit pathogens which can easily be
picked up by other foods. More and more incidents of salmonella poisoning are being detected
as a result. There are many other examples in which the Food and Drug Administration
approves the use of food irradiation. Under 21CFR179 regulations to control trichinella spiralis in
fresh pork; inhibit the growth and maturization of fruits and vegetables; and the disinfestation of
arthropods in food. Currently, one of the most wide-spread uses of ionizing energy is for the
microbial disinfection of dried spices and dried vegetables seasonings. Today food irradiation is
used in more than 47 countries throughout the world as shown on the slide.
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Irradiating food is certainly not new. In fact, it surprised me to find that in 1921 a patent was
issued for the use of ionizing energy to kill trichinella in pork. In 1943 the U.S. Army sponsored
studies on this technology and became a major user of irradiated food. Obviously their intent
was to preserve food and reduce spoilage when used in the field in the absence of refrigeration.
While the first applications of food irradiation were successful by all means and measures, for
reasons not entirely clear, the Army no longer irradiates food but relies on the effective transport
and refrigeration systems to keep food fresh and available. On the other hand, NASA (the
National Air and Space Agency) supplies the astronauts with irradiated food on space flights. In
fact, NASA is one of the largest users of irradiated food and continues to use irradiated products
such as ham, which was first used on Apollo 17 in 1972; and beef steak, turkey and combeef;
and bread, used on the Apollo and first five shuttle missions. More than 400 servings of
irradiated beef, cornbeef, and smoked turkey were eaten between 1981 and 1986. No
refrigeration was required for this food and the assurance there were no potential pathogens
protected the astronauts as well as preserved the integrity of space making sure we were not
introducing harmful bacteria into that environment. NASA worked with the U.S. Army at the
Nadick Center in Massachusetts where they jointly researched food irradiation and actually
prepared the meals. It has been reported that the food was very popular with the astronauts. In
fact, the Russians preferred U.S. meals because of the wider variety.

As early as 1970, the U.S. Food and Drug Administration approved a few applications for food
irradiation. In 1981, the World Health Organization Expert Committee recommended that food
irradiation would be a beneficial process. In 1983, the Codex Allementarious endorsement was
probably the most significant and far reaching statement of support for this technology. Following
that, the USFDA approved the irradiation of poultry and in 1994 received the red meat petition.
However, even with the incident of deaths resulting from eating tainted hamburger, no progress
has been made with this petition and food irradiation in general has been dormant.
Unfortunately, food irradiation became a victim of public concern that is so commonly applied to
all things nuclear. I am sure you all know that beginning in 1980, there was a strong anti-nuclear
movement in the United States. In fact, following the Three-Mile Island and Chernobyl accidents,
no new nuclear plants have been ordered. In the mid and late 1980s, a number of anti-nuclear
organizations were formed by well meaning, but misinformed citizens opposed to food irradiation.
The most visible of those organizations, Safe Food and Water originally headed by a physician,
embarked on a public relations campaign that traded on misinformation and fears about nuclear
irradiation. For reasons completely unknown to me, this organization conducted an almost
religious crusade to stop the use of irradiated food. Many food packaging companies were just
beginning to be interested in the possibility of using irradiated food; however, if there was ever
any indication they might market this food, Safe Food and Water would immediately set up
pickets and start public relations campaigns to frighten consumers and prevent tham from buying
any irradiated food. States such as Maine, New Jersey, and New York banned irradiated food.
There was a great deal of publicity coincident with these state actions. The U.S. General
Accounting Office studied the ban on irradiated food in these states and in their May 1990 report
said that the bans produced by these states were in response to public concern rather than as a
result of scientific evidence showing food irradiation to be unsafe. Yet, it is well known that the
public, while apprehensive about irradiated food, are more than willing to purchase and consume
irradiated food when the process is explained in detail to them. A 1993 study by Purdue
University found that peoples attitudes improved markedly after they learned the science and
technology. In this study, two groups of adults were shown a seven minute educational video on
food irradiation and polled before and after the video. One group's acceptance of food irradiation
grew from 54 percent to 90 percent and the other group rose from 69 percent to 99 percent.
Studies by Dr. Christine Bruhn at the University of California and others showed that the
consumer, in most cases, is the person in the family most responsible for preparing meals. They
were interested primarily in the safety of food for their family and when it was explained that
irradiated food is safer than non-irradiated food, they were willing to purchase it.
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Despite all this there is no industry in the United States, per se, that produces irradiated food in
quantity. There is one plant in Florida that has operated for many years against overwhelming
odds from anti-nuclear groups and anti-food irradiation groups picketing it and interfering with its
operations. Opponents can use the NRC licensing process to delay issuance of construction
permits to any nuclear facility, placing serious financial penalty on the owners.

The next slides gives you an indication of the kinds of literature produced by the anti-
organizations. On the other hand, information supporting food irradiation is usually found
primarily in scientific and technical journals which are less available and far less appealing to the
public.

Early this year a movement was started by the U.S. government to improve food safety. Vice
President Gore declared he would lead a fight against distribution of diseased food to the public.
More than $40 million was mentioned as the amount needed for a concerted effort by the
Environmental Protection Agency, the Department of Agriculture, and the Department of Health
and Human Services. A three day conference in Washington, DC was held and people came
from throughout the country to support the need for improved food safety. While there were
many suggestions for ways to improve food safety, most dealt with after the fact actions, such as
inspection and regulatory improvements. Very little was said about processes such as food
irradiation that prevent the onset diseases. I was one of the very few speakers at that
conference who suggested we needed to examine ways to prevent food from becoming diseased
rather than just inspecting and regulating it. I proposed the government look at food irradiation
once again as it had been in the 1950s and 60s and support this process. I also volunteered the
services of the American Nuclear Society and the Food Safeguards Council to work with this
group to investigate how these processes could be implemented. To date we have had no
response and there appears to be no interest on the part of the federal government in
undertaking any processes that involve nuclear energy.

Where does this leave us in the United States. We have a beneficial technical process that can
bring great good to mankind and we simply cannot get it off the ground. The only dedicated food
irradiator in the U.S. is in Florida operated by Food Technology Services, Inc. This is a water-
cooled, Cobalt-60 source facility licensed by the NRC. It has been operating for some time
irradiating fruits, vegetables, and poultry parts. Initial sales of irradiated foods were from small
"boutique" markets - the most popular in Chicago. They is reported consumers who bought
irradiated food were completely satisfied and now prefer to purchase irradiated food. But in
general there is no established industry to produce and distribute irradiated food. There have
been some discussions about using electron beam accelerators to irradiate food and in this way
avoid using radionuclides and allay public concerns. While this is certainly possible, it is clearly
understood by the scientific community there are some limitation to using electron beams.
Because depth of penetration is somewhat limited, only certain types of products can be
irradiated and portability of such systems is quite expensive (see references 5 and 8).

It appears to be the classic chicken and egg problem. Food compaines would like to sell
irradiated food to ensure the quality for their products but would also like to see it demonstrated
and used by other companies. As one major company told me, "I would like to be second". A
number of industries are prepared to build food irradiators but need to be assured a market exists
before they make the investment. In my judgement, the only way to solve this problem is through
courageous and aggressive leadership on the part of our government an the scientific community
who have the ability to assure the public that this is a safe and beneficial process. This is not
easily done in the United States; however, in countries such as China and India, there is much
wide acceptance of food irradiation. It is important the facts be brought to the public and the
negative publicity generated by opponents must be countered. Consumers should be informed of
the benefits and safety of irradiated products. Regulations between nations will have to be
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harmonized and food irradiation needs to be cost-effective compared to other methods before
food processors are willing to invest in commercialization. Meeting these hurdles may be very
difficult, but I can think of no more beneficial goal than to bring this process to a hungry and
safety conscious world.

Thank you.
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WHAT IS FOOD IRRADIATION?

The treatment of food by ionizing energy in the form of gamma rays from
radioactive isotopes, X-rays , or electrons from particle accelerators.

Irradiation destroys insects, molds, fungi, and microbial pathogens that cause
food to spoil and can cause food-borne illness.

Foods treated in this manner last longer and they are safer to eat.

It is analogous to other food processes such as pasteurization, canning,
freezing, or drying.

Slide 1

A BRIEF HISTORY OF FOOD IRRADIATION

1895 Roentgen discovered X-rays

1896 Becquerel discovered radioactivity

1905 Patent for improving foodstuffs

1921 Patent for killing trichina in pork

1930 Patent for x-ray treatment of foods

1943 U.S. Army sponsored studies at MIT

1950 Powerful radiation sources developed, major research programs started

1970 USFDA approved some food items

1981 WHO expert committee recommendation

1983 CODEX ailmentarius endorsement

1990- USFDA approves more food items. Publicity becomes favorable

1995 Commercial use increases

Slide 2
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SELECTED FOOD-BORNE PATHOGENS (1993)

Pathogen

Campylobacter, Jejuni or Coli

Colstridium Perfringens

EscherichiaColi0157:H7

Listeria Monocytogens

Salmonella

Staphylococcus Aureus

Toxoplasma Gondii

Total Cases

2,500,000

10,000

10,000-20,000

1,795-1,860

800,000-4,000,000

8,900,000

4,111

Total Deaths

200-700

100

200-500

445-510

800-4,000

7,120

82

Slide 3

Apricots
Asparagus
Avocados
Beans
Breads
Cherries
Chicken
Citrus
Currents
Dried Foods
Enzymes
Fish
Flours
Frog Legs

Slide 4

WHAT FOOD ITEMS ARE

Garlic
Grains
Grapes
Gum Arabic
Hospital Meals
Legumes
Litchis
Mangoes
Minced Meat
Mixed Cereals
Mushrooms
Onions
Papayas
Pears

IRRADIATED?

Pickled Foods
Pork
Potatoes
Raspberries
Sausages
Shrimp
Spices
Strawberries
Tea
Tomatoes
Yeasts
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BENEFICIAL EFFECTS OF FOOD IRRADIATION

FOOD ITEM

Meat, poultry, fish

Spices, seasonings

Meat, poultry, fish

Some fruits

Grain, fruits, vegetables

Non-citrus fruits

Pork

Onions, garlic, potatoes

EFFECTS

Sterilization prevents spoilage

Disinfection, disinfestation

Disinfection, delays spoilage

Delays mold growth

Disinfestation

Delays ripening

Controls trichina

Prevents sprouting

DOSE (KGY)

20-70

8-30

1-10

1-4

0.01-1

0.25-0.15

0.08-0.15

0.05-0.15

Slide 5

WHO

Argentina
Bangladesh
Belgium
Brazil
Bulgaria
Canada
Chile
China
Cuba
Czechoslovakia
Denmark
Finland
France

USES FOOD IRRADIATION?

Germany
Hungary
India
Indonesia

Israel
Italy
Japan
Korea
Mexico
Netherlands
New Zealand
Norway
Pakistan

Philippines
Poland
South Africa
Spain
Syria
Thailand Russia
United Kingdom
USA
Uruguay
Vietnam
Yugoslavia

Slide 6

170



IRRADIATED PRODUCTS USED ON THE FIRST 24 SHUTTLE FLIGHTS
(1981 TO 1986, Approximately 805 Man-Days)

MEAT PRODUCTS

Beef Steak
Corned Beef
Smoked Turkey
Total Meat

BAKERY PRODUCTS

Bread (seedless rye)
Breakfast Rolls
TOTAL BAKERY

Servings

Total Sent

231
41

104
376

172
.81
253

Total Used

164
11

.53
228

64
57

121

Slide 7

WHO APPROVES OF FOOD IRRADIATION?

World Health Organization

U.S. Food and Drug Administration

U.S. Department of Agriculture

U.S. Public Health Service

American Medical Association

Mayo Clinic

Food Technology Institute

Institute of Food Technologists

American Veterinary Medical Association

American Meat Institute

Kiplinger Agricultural Letter

Prevention Magazine

Slide 8
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Synopsis

Malaysia is one of the world's leading producers of rubber, palm oil and cocoa beans. There is a great
concern within the commodity industries of the possible outbreak of plant diseases yet to be detected in the
country but endemic in the South American tropics and Africa. The risk of transferring the diseases to
Malaysia are high because of increasing contacts between Malaysia and the South American countries
and Africa through trades, tourism and the South-South cooperation. Diseases of particular importance
are the South American leaf blight (SALB) of rubber, vascular wilts of oil palm and witches' broom of
cocoa caused by Microcyclus ulei, Fusarium oxysporum f sp. elaeidies and Crinipellis perniciosa (Stahel)
Singer respectively. Recent estimates by the Agriculture Department of Malaysia indicated in the event of
large scale attack by SALB on rubber would result in revenue loss of a staggering RM 3-3.5 billion per
annum, an equivalent of 70% loss in rubber acreage. This excludes massive unemployment in the rubber
industry and cost of cleaning up activities to eradicate and free plantations of SALB. Recurring attacks of
the diseases cannot be discounted given the fact that spores of fungi can remain dormant for years but still
viable. Stringent control and quarantine steps are presently being exercised by the authorities to intercept
at airports and hence prevent entry of infectious plant diseases in Malaysia. Many of the measures using
chemicals, ultra violet light (UV), steam sterilization, air blowers etc. are not sufficiently effective in killing
fungi especially when spores are carried in the personal belongings of air-passengers. There was
suggestion that ionizing radiation offers alternative to the present methods for intercepting pathogens at
the port of entry. This paper will firstly, discuss results on the investigations carried out to compare the
effectiveness of various ionizing radiation sources, i.e., gamma, electron beam and x-rays; chemicals and
UV to kill plant pathogens; and secondly, on the comparison of installing the different types of ionizing
radiation facilities at the KLIA for treatment of baggage to intercept exotic plant pathogens.

INTRODUCTION

Geopathological, i.e., cross-border and intercontinental spread of
phytopathological epidemic is no longer impossible under present circumstances. This is
because of the advancement in communication systems and economic interdependence
for instances air-transport, sea-bulk carriers, trades and tourism increases the mobility for
people and goods from one country/region to another. From phytopathological point of
view such speed travelling and economic activities posed enormous problems to
authorities in an attempt to prevent spread of plant diseases which may be endemic in one
region and the possibility of transferring the diseases to areas still free but of similar
ecological and climatic condition.
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The examples of the destruction and hardship caused by phytopathogens are
firstly, potato blight epidemic in Ireland in 1840 in which millions of Irish perish due to
famines (Klinwoski 1970). Phytophatora infestan, a species of fungi which attack potato
plant causing its demise. Secondly, in 1960's Ceratocytis ulmi, a potent elm fungi, for
some reasons was transferred from the U.S.A to U.K. and within 10 years killed
approximately 60% of the 17.1 million in the British Isles.

The main concern in the Malaysian plantation industries is the possible migration
due to trade and tourism of various catastrophic plant pathogens from the endemic
regions of South America and Africa to Malaysia. The exotic plant pathogens of primary
interest are as shown in Table 1. A scenario of attack by the South American Leaf blight
(SALB) caused by the Microcyclus ulei which originated from Brazil on rubber plantation
in Malaysia would result in 70% loss in yield and the rubber trees would eventually die
and will cause untold damage to the industry. From epidemiological point of view, almost
every organ of rubber are susceptible to the infection of SALB as shown in plates 1, 2,
and 3. Plate 4 shows a plantation in Brazil under the attack of SALB which resulted in
70% reduction in latex yeild. The main reason for Brazil was not able to become world's
natural rubber producer because of the persistent attack of M. ulei (Davis 1997). The
effect on Malaysia's natural rubber industry would be more devastating due to absence of
natural resistant of the cloned rubber trees and no natural competition from other fungi.

There is a great apprehension in Malaysia that rubber, palm oil and cocoa
cultivation could be seriously damaged by exotic pathogenic fungi accidentally
introduced from South America and Africa. There is an urgent need to find effective
techniques to intercept these pathogens before they could land in Malaysian shores. This
may include the use of ionising radiation as quarantine treatment for agriculture products,
food and luggages of air-passengers at the point of entry to kill spores of the pathogenic
fungi.

PRESENT METHODS OF QUARANTINE CONTROL AT THE AIRPORT

The current practices to intercept and minimise risks of transferring the deadly
plant diseases to Malaysia are as shown in Plate 5, 6, 7, 8, and 9. The reasons for each
measures are described in Table 2. These measures are undertaken/enforced for
passangers flying in from the South American and African regions endemic with plant
diseases.

In addition to these measures, Malaysians who have been visiting South America
and Africa are advised to break their journey in temperate region of Europe or North
America for a few days, clean their belongings and themselves before proceeding to
Malaysia. This would minimise the chances of carrying viable conidia into Malaysia.
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CRITERIA OF TECHNIQUE SELECTED FOR INTERCEPTION
PATHOGENIC FUNGI AT THE KLIA

The treatment method selected for interception at the airport should satisfy the
following criteria:

• able to effectively killed pathogenic fungi outside and inside of luggages,
• able to treat luggages for 5 flights/week,
• treatment should be carried out thoroughly, fast with minimal inconveniences to

passengers,
• treatment process has to be reliable and incorporated into international airport without

major implication for the airport design and safety

Various methods have been considered and scientifically studied to examine their
effectiveness in decontaminating Microcyclus ulei. Table 3 showed the effect of the
Ultraviolet light (UV), sterilants and low temperature treatment on the survival of conidia
of Microcyclus ulei.

Most of the present techniques practised could not ensure pathogens are prevented
from entering Malaysia. This may be due for instance UV is not penetrative, therefore,
could not kill conidia present inside luggages. Use of detergents have their own
limitations as they coulnnot guarantee 100% killing of the pathogenic fungi. Alternative
method needs to be found to supplement present interception/quarantine techniques.

USE OF IONISING RADIATION FOR THE INTERCEPTION OF
EXOTIC PLANT PATHOGENIC FUNGI

Ionising radiation has been proposed as techniques for interception of plant
pathogenic fungi. The technique satisfies most of the criteria listed above. This includes
effectiveness in killing microorganism; high penetration ability, therefore, conidia present
on the outside and inside of the luggage can be effectively eliminated. The treatment is
fast and should introduced minimum inconvenience to passengers. However, ionising
radiation has some drawbacks as the treatment affects the characteristics of some
belongings carried by air-passengers. Ionising radiation has long been employed to detect
contraband items at airports.

Table 4 shows the Di0 of M. ulei is 0.80 kGy, which is the lowest among the fungi
studied. The dose of x-rays required to inactivate conidia of the fungi with Sterility
Assurance Level (SAL) of 6 is about 4.8 kGy.

Table 5 indicates items normally carried by air-travellers. Ionising radiation
between dose of 13-18 kGy affect the functional properties of some items.
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SELECTION OF TYPE OF IONISING RADIATION FACILITY FOR
INTERCEPTION OF PLANT PATHOGENIC FUNGI AT THE KLIA

The three types of facilities considered for installation at KLIA were gamma-,
electron beam and x-rays. Table 4 indicates they are equally effective in decontamination
of fungi conidia. Table 6 shows comparative performance characteristics of the different
type of facilities. Selection would therefore depend on whether the facility selected
satisfies the requirements as listed in the criteria of techniques, for instance fast treatment,
minimal inconvenience to passengers, etc.

Use of gamma as treatment technique can be discounted because firstly, it
involves handling and transfer of radioactives material from one loaction to another;
secondly, radioactive source introduce special problems in the case of accidents and
emergencies; and thirdly, treatment of luggage using gamma takes hours to complete due
to slow dose/energy delivery.

The two techniques of potential to be use for interception are x-rays and electron
beam. Fortunately, electron beam can be converted to x-rays using electron converter
albeit some loss of effeciency. The conversion efficiency of electron beam to x-rays has
been quoted at 30% (LebaiJuri 1996). The treatment times ranges from 3-32s which is
acceptable at the airport which requires rapid check-out time.

PROSPECTS OF USING IONISING RADIATION FOR QUARANTINE
AND INTERCEPTION OF PLANT PATHOGENS AT KLIA

Use of ionising radiation for interception and killing fungi is technically feasible.
However, there are a few consideration which need to be taken into account when
operating such facility at the airport.

These are as follows:
• For electron beam and x-rays, there is a need to ensure the radiofrequency (Rf)

employed doesnot interfere with FM broadcast, Rf 108-111.975 Mhz use at the
control tower of the airport (some EB emits very close to this band),

• Legal implications on the treatment of passengers luggages need to be look into
especially when these items are required to be transported away from the air terminal
and some items are affacted by radiation,

• Ionising radiation can be used to treat luggages. What about conidia carried on the
body/clothing of passengers...?
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Table 1 Exotic plant pathogenic fungi of concern in Malaysian plantation industry

Species

Microcyclus ulei

Fusarium oxysporum f. sp.
elaeidies

Crinipellis perniciosa
(stahel) Singer

Plant Affacted

Hevea Rubber

Oil palm trees
wilts)

Cocoa trees
broom)

(Vascular

(Witches

Country of Origin

South America/Brazil

Africa/South America

South America

Table 2 Reasons for measures undertaken at airport to intercept plant pathogenic fungi

Plate
Number

Plate 6

Plate 7

Plate 8

Plate 9

Plate 10

Actions/Measures
Undertaken

Q- tagging

Detergent on mats

Air-blowers

UV-treatment of
luggage

Detergent treatment
of containers

Reasons

Attached to luggages at the country of origin. To
identify the luggages originated from endemic
areas and to facilitate treatment at the
disembarking airport.

Disembarking passangers need to step on the mat
wetted with disinfectants which inactivate the
conidia present on the soles of the shoes

Disembarking passangers need to pass through
the air-tunnel equipped with blowers. Conidia
attach to clothing of passengers will be blown
and sucked by special equipments.

Tagged passengers luggages are collected and
exposured for a duration of 15 minutes to
inactivate conidia attached on the outside of
these luggages.

Containers carrying luggages from endemic
region are tagged and decontaminated with
detergents on arrival at the local airport.
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Table 3 The effect of UV, temperature and sterilants on the germination of conidia of
M. ulei

Types of
Treatment

Ultra-violet rays
(254nm)

Dettol

Bacillol plus

Sterilium

Ethyl-alcohol

Pre-treatment Time/Temperature/%
germination rate of concentration of sterilant in

conidia (%) solution to inhibit germination

65 60 minutes

80 5%

79 5%

78 2.5%

81 70%

Germination rate of conidia
after storage at the various
temperature for 24 hours

Temperature (°C) 74
28
0-4
23
30

81 79%
81 10%
81 6%
81 10%
81 15%
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Table 4 Comparative radiosensitivity of conidia of selected pathogenic fungi in dry
condition to the different type of ionising radiation

Species

Cy. quinqueseptatum
Co. gloeosprioides
F. monoliforme
P. botryosa
F. semitectum
F. oxysporum
M.ulei

D10(kGy)

Gamma Electron X-rays
beam

1.48 1.33 1.43
1.81 1.51 0.90
1.39 1.57 1.32
1.39 1.54 1.58
nd 1.27 0.72
nd 1.31 1.33
nd nd 0.80

*nd denotes not determined

Table 5 Personal items usually accompanying passengers affected by ionising radiation
(Gamma-rays)

Personal Items

Automatic watch
Camera
Camera film
Cosmetic items
Clothings (synthetics and
cottons)
Drinking glass
Diskettes
Film transparency
Needles and thread
Slides
Shavers
Sports bags
Transistor radio
Umbrella
Video tapes
Wellington boots
Wallets (synthetic and
leather)

Dose received (kGy)

17.2
13-18
15.8

13-18

13-18
15.8

13-18
13-18
13-18
13-18
13-18
13-18
15.8

13-18
16.5

13-18

13-18

Effects

V, not functioning
X

V, not functioning
X

X

V, discoloration
X

X

X

X

X

X

V, Not functioning
X

V, Quality of picture
X

X
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Table 6 Comparative performance characteristics of CO-60, X-rays and Electron Beam
Accelerator (EB)

Characteristics

Energy level (Mev)

Penetration in water

Dose rate (kGy/s)

Annual replenishment

Treatment time

Size of treated luggage

Process control

Safety control

Co-60

1.25

~30cm

0.02 (slow)

Yes, 12.5%

Long (h)

Large

Conveyor speed
(time)

Water pool,
Maze,

Sheilding;
Interlocking,

Ozone removal

X-rays

up to 5

~30cm

1.0 (Medium)

none

Medium, 32s

large

Conveyor speed
(time)

On/Off, Maze,
Sheilding;

Interlocking,
Ozone removal

EB

up to 10

0.3 3 cm/Me V

up to 1 bil. (fast)

none

Short, 3 s

Small

Conveyor speed
(time), Beam

current, Energy
level

On/Off, Maze,
Sheilding;

Interlocking,
Ozone removal
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Plate 1 Young rubber seedling infected with South American Leaf Blight (SALB)

Plate 2 Rubber Fruit infected with South American Leaf Blight (SALB)
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Plate 3 Uninfected (left) and infected (right) mature rubber branches
with South American Leaf Blight (SALB)

Plate 4 A typical rubber plantation in South America invaded by
South American Leaf Blight (SALB)
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Plate 5. Q-Tagging

Plate 6. Mat wetted with disinfectant
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Plate 7. Wind tunnel

Plate 8. Luggages treated with Ultraviolet light
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Plate 9. Disinfection of container from endemic region
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Abstract

This paper discusses the development and potential applications of a PRA
methodology for risk management and regulatory applications in the U.S. nuclear industry.
The new PRA methodology centers on the development of time-dependent configuration risk
profiles for evaluating the effectiveness of operational risk management programs at U.S.
nuclear power plants. Configuration-risk profiles have been used as risk-information tools for
(1) a better understanding of the impact of daily operational activities on plant safety, and
(2) proactive planning of operational activities to manage risk. Trial applications of the
methodology were undertaken to demonstrate that configuration-risk profiles can be developed
routinely, and can be useful for various industry and regulatory applications. Lessons learned
include a better understanding of the issues and characteristics of PRA models available to
industry, and identifying the attributes and pitfalls in the development of risk profiles.

Introduction

Since the publication of the landmark Reactor Safety Study (also known as WASH-
1400) in 1975, the field of Probabilistic Risk Assessment (PRA) has made strong advances in
both the nuclear and non-nuclear industries throughout the world. Improved formal
methodologies have been developed to deal with several important aspects of PRA, such as
uncertainties, external events, common cause failures, human reliability analysis, severe
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accidents, and the role of expert judgment. There is a broad international consensus among
vendors, operators, and regulators of nuclear power plants (NPPs) that PRA, also known as
Probabilistic Safety Assessment (PSA), is a well-established technology to assist in decision-
making on a wide range of design, operational, and regulatory issues [1]. In the United
States, there is increasing use of PRA-based results to support decision-making concerning
commercial nuclear plant operations and regulation.

Historical Perspective

After the 1979 accident at Three-Mile Island (TMI), PRA studies of many U.S.
commercial nuclear power plants (NPPs) were performed to assess their contribution to
overall public risk. In the late 1980's, the U.S. Nuclear Regulatory Commission (USNRC)
sponsored PRA analyses of five selected NPPs which were documented in NUREG-1150.
This NUREG-1150 study was performed to apply state-of-the-art PRA methods for evaluating
plant risk as an aid to regulatory decision-making. As an outgrowth from the voluntary PRAs
performed by U.S. utilities, the USNRC issued Generic Letter 88-20 which required all
utilities to develop plant-specific Individual Plant Examinations (IPE) in order to examine
severe accident vulnerabilities, and identify cost-effective plant improvements. The scope of
analysis is a Level 1 PRA (including containment performance analysis) for "internal event"
initiators such as loss of offsite power, or general plant transient events. Subsequently, a
Supplement 4 to Generic Letter 88-20 was issued to request licensees (i.e., owners) of NPPs
to develop IPEs for external events (IPEEE). Specifically, these IPEEE studies are performed
to analyze risks attributed to seismic events, fires, tornadoes and high winds, external floods
and transportation events. The IPE and IPEEE studies for each specific plant provide risk
information concerning the plant design and operating features.

In contrast to the traditional PRAs which considered initiating events potentially
occurring only during full-power operation, PRAs can be developed to address risks during
other modes of operation. Specifically, "shutdown PRA" studies had been performed to assess
relative risk and safety for all plant evolutions (including low power and power
ascension/startup) throughout refueling and forced plant outages. Shutdown PRAs were
performed for specific NPPs after operational experience had indicated that accidents during
low power and shutdown could be significant contributors to risk.

As PRA methodology became an important technique to assess NPP safety, efficient
computer software was needed to meet the demands from the PRA analysts and new areas of
PRA applications. Emerging computer technology has led to the development of personal
computer-based PRA software which allows rapid risk calculations of complex PRA models.
Currently, the relative maturity of PRA methods and models, as well as the growing
appreciation of the value of PRA as a risk management tool, has led to a shift towards risk-
informed and performance-based regulation for the commercial nuclear power industry in the
United States. As evidence of the fact that PRA technology can be used as a regulatory and
risk management tool in a large number of applications, the USNRC issued a Policy
Statement [2] on "the Use of PRA Methods in Nuclear Regulatory Activities" in August,
1995. This policy statement promotes the expanded use of PRA in all regulatory matters in a
manner that complements the deterministic approach and supports the USNRC's traditional
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defense-in-depth philosophy. This paper discusses the development and potential applications
of a new methodology to supplement the deterministic approaches used in the regulatory
activities.

Risk-Profile Methodology

In order to assess the effectiveness of risk-based technologies in the regulatory
processes, a methodology for evaluating configuration-specific risk was developed for
potential regulatory applications [3]. This new PRA methodology centers on the development
of time-dependent configuration risk profiles. The main steps in the configuration-risk profile
methodology, which could be applied to an operating NPP with an already completed PRA
model, are listed below:

(1) Identify plant equipment-outage configurations from a review of plant operating
records.

(2) Assess the modeling attributes of plant-specific PRA methodology (e.g., type of
PRA model, mitigation and recovery rules, etc.), and determine appropriate
quantification methods for risk calculations.

(3) Create a baseline risk model for quantifying a base case value to serve as a
reference point for time-dependent variation of risk changes.

(4) Evaluate recovery actions for the out-of-service components and correlate each
outage component to PRA-related basic events. Then, perform the risk
calculations for each equipment-outage configuration to determine the conditional
risk of each configuration.

(5) Assess the sensitivity and limitations of the risk model for configuration-risk
calculations (e.g., effects of cutset truncation, human error rates, and common-
cause failures on the configuration-risk estimates). Uncertainty calculations are
also performed to determine the uncertainty distribution of risk estimates.

(6) Develop time-dependent configuration-risk profiles of selected risk measures (e.g.,
core damage frequency, core damage probability, or large early-release
frequency).

An important aspect of developing the risk-profile methodology is to consider the
types of PRA methods and software used in both the development and the application of PRA
models at NPP sites. In addition, accurate plant operational data and a good understanding of
the plant systems, support systems, and related dependencies coupled with risk modeling
insights are needed. The risk profile reflects the risk variations due to changing
configurations over time. As such, the methodology emphasizes the changes in risk with
respect to time, as opposed to the absolute representation of plant risk at any given time.
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Pilot applications of the methodology were undertaken to demonstrate that
configuration-risk profiles can be developed routinely using existing and readily retrievable
plant records, and can be useful for various industry and regulatory applications. Six nuclear
power plants of different reactor designs with varying operating philosophies were selected for
the trial applications. The pilot plants were South Texas Project Units 1 and 2, Comanche
Peak Station Unit 1, Crystal River Nuclear Plant Unit 3, Brunswick Nuclear Plant Unit 2,
Donald C. Cook Nuclear Plant Unit 1, and San Onofre Nuclear Generating Station Unit 2.
The methodology was successfully tested and risk profiles were developed for all six U.S.
plants. The risk profiles for a given plant site were developed by using different PRA
software with generally consistent results, providing that care was taken to address the
appropriate details of the risk model and all steps of the methodology were followed. Insights
from the configuration-risk profiles were used on a trial basis for potential applications in
current regulatory initiatives such as the integrated assessment of operational performance, and
online maintenance risk assessment activities.

An important lesson learned from the visits to the pilot plants is the necessity of
ensuring the quality of plant configuration-risk profiles. In order to produce appropriate and
valid risk profiles, it is important to consider the details of the risk model. These
considerations are the treatment of initiating event frequencies, system analysis, recovery
actions, human reliability estimates, and common-cause failures. Also, a detailed knowledge
about plant systems and plant operation is necessary to accurately interpret the observable
elements of configuration-risk profiles. Other important lessons learned include using an
efficient method to identify configurations, evaluating the consistency of outage records,
properly translating outage events to PRA basic events, having a working knowledge of the
PRA computer software and its limitations for computational purposes, and using appropriate
truncation levels.

Potential Applications

Applications of the configuration-risk profile methodology can be categorized into two
areas of use in (1) risk management of plant operations and (2) regulatory initiatives. For
risk-management purposes, configuration-risk profiles can be used preoperationally, online for
real-time applications, and postoperationally for analysis of plant performance. A
preoperational application is the use of risk profiles for the planning and scheduling of
maintenance to minimize plant risk (e.g., evaluating risk impacts of configurations in rolling
maintenance schedules for online maintenance). An example of real-time applications is the
use of risk profiles for monitoring the dynamic risk changes due to operational activities (e.g.,
surveillance testing) in combination with ongoing equipment failures. This provides timely
information to operations staff to avoid specific critical configurations that can affect plant
safety. Finally, an example of postoperational use is the evaluation of a long-term (e.g., six-
month) configuration-risk profile to determine performance trends and risk-management
practices. This type of evaluation can also provide bottom-line insights into the effectiveness
of maintenance and corrective action programs.

Potential applications of the methodology were identified for use in new regulatory
initiatives. The risk-profile methodology can be beneficial for the following applications:
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• Risk-informed assessment of operational performance,

• Online maintenance risk assessment, and

• Guidance for improving Technical Specifications.

In particular, insights from configuration-risk profiles can be used to strengthen
inspection planning in these regulatory activities. This is consistent with the USNRC's
initiatives to develop guidance on integrating risk concepts and PRA into the largely
deterministic, regulatory process. Other potential applications involve the use of risk profiles
in risk ranking, event assessment, evaluation of operational performance, risk-based
inspections, and review of licensing issues such as Justification for Continued Operation
(JCO) or relief from technical specifications. Several of these applications were successfully
tested during the pilot plant site visits.

Summary

The risk-profile methodology was developed to demonstrate its potential use for
selected regulatory applications. Lessons learned from trial applications indicate that
configuration-risk profiles can be developed routinely using existing and readily retrievable
plant records of equipment outages. Configuration-risk profiles can be used for risk-
management purposes in three ways for analysis of plant performance: (1) preoperationally,
(2) online for real-time applications, and (3) postoperationally. Thus, the risk-profile
methodology can be used extensively as a risk-information tool for evaluating operational
management strategies and online monitoring of plant safety levels. As the shift towards risk-
informed and performance-based regulation for the U.S. nuclear power industry continues to
gain momentum, new PRA methodologies are being explored to meet the challenges of using
PRA in regulatory activities. The successful application of new PRA methodologies would
enhance their use in other engineering disciplines such as environmental and non-nuclear
industrial applications.
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The achievements and the development of the Nuclear
Energy in the Islamic Republic of Iran

1 - Introduction

The history of nuclear science and technology in Iran dates back to

the early 60s when a 5-MW pool type research reactor was commissioned

to train undergraduate students and conduct preliminary researches in the

nuclear field.

In the early 70s firm decisions were made to embark on a nuclear

power programme and, it was decided to establish a new organization,

specifically mandated to oversee this immense undertaking.

Atomic Energy Organization of Iran (AEOI) was, thus, established

in 1973 primarily to supervise the implementation of a highly-ambitious

nuclear power programme.

The growth of AEOI thereafter was extremely rapid and within a

relatively short period the initial core of a few key executives grew into an

organization with diverse divisions and responsibilities employing over

4000 personnel.

Most divisions of AEOI were, at that time, established to support

construction, licensing, fuel supply, technical services and operation of

nuclear power plants.

Contracts were signed between AEOI and German and French

suppliers to construct 2 x 1200 MW and 2x900 MW PWR nuclear power

units near Bushehr and Ahwaz respectively. All contracts, which were all

on turnkey basis, included also provisions for nuclear fuel supply and

operator training.

Kraftwerk Union of Germany, a division of Siemens A.G.

commenced the construction of Bushehr Nuclear Power Plant (BNPP) in
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1974 with delivery dates of the two units in 1980 and 1981 respectively.

Framatom of France commenced work on two additional units near

Ahwaz in 1975 with delivery dated of the two units in 1982 and 1983

respectively. Furthermore, letters of intent were signed between AEOI and

KWU in 1977 for the construction of four 1200 MW PWR units in the

Esfahan province and even plans were underway for units 9 and 10 to be

constructed in the north-western provinces. All in all an over-ambitious

nuclear power programme was initiated with the aim of bringing one unit

on-line every year starting from 1980.

Clearly this was a programme which the economic and the general

and technical infrastructure of the Country could not possibly support.

Two research centres established in this period was Tehran research

center and Esfahan Nuclear Technology Centre which was planned and

partly constructed by the French.

2 - Revision of the Programmes of AEOI

Following the Islamic Revolution in 1979 the major power plant

contractors of AEOI abandoned the projects and unilaterally terminated the

respective contracts. Thus the active projects became dormant. It became

necessary, therefore, to subject the old programmes to a thorough revision

and scrutiny while resolving the myriad of legal issues and litigations

arising from various contracts and investments.

As a result of these reviews it became increasingly obvious that the

Country could not support the previous programmes. Therefore, AEOI

underwent a complete re-organization and its objectives were thoroughly

re-assessed, placing particular emphasis on fundamental research and

development instead of nuclear power.
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With the financial burdens of large projects removed AEOI managed

to establish new research centres and many new lines of research activities

and programme based on sound economic considerations.

Consequently, over the past 15 years the scientific and technological

nuclear infrastructures in Iran have been greatly enhanced, without relying

too heavily on foreign assistance. Some of the current R & D efforts are

even generating revenue instead of being a constant drain of capital.

Presently, AEOI is in a position to assist other regional States in

matters related to nuclear science and technology for peaceful purposes

either through know-how transfer or by export of nuclear-related products

such as radio-pharmaceuticals.

Currently, the nuclear activities of AEOI are concentrated in

Teheran, Karaj, Esfahan and Yazd and new research centres are at

planning stages.

I would like to briefly describe the activities in each Centre.

2.1 Teheran Nuclear Reseach Centre

The 5MW pool-type reactor at this Centre, which was converted

from HEU to LEU a few years ago has now a superior performance. This

reactor is used for fundamental nuclear research as well as radio-isotope

production.

Radioisotopes for medical, agricultural and industrial applications

have been produced at this Centre since 1983. Presently 15 types of

radioisotope kits such as 131I and 99mTc are produced both for domestic use

as well as export.

Industrial nuclear sources such as 192Ir, 137Cs and 60Co are produced

also.
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Furthermore, this Centre is active in nuclear physics and analytical

chemistry. Through joint projects with Iranian universities research work

is carried out by post-graduate students at the Centre.

This Centre also contains divisions for :

spectroscopy research (producing parts for solid-state lasers, various

single crystals, optical components, etc.),

laser research and development (2 mW and 40 mW He-Ne lasers are

now mass-produced and CW CO2 lasers are manufactured by special

orders),

radioisotope production,

nuclear physics,

analytical chemistry,

gamma irradiation of food-stuff and sterilization of disposable

medical products, and

renewable energy research and development (through the efforts of

this division grid-connected wind-driven turbines with a total

generating capacity of 4000 kW have been installed in Manjil

province and various systems using solar energy have been

manufactured and installed in various parts of the Country).

One of the most important divisions of this Centre is the Plasma

Physics Division, where research and development on controlled nuclear

fusion is underway. For this purpose AEOI made two Small and medium

size Tokamaks.

2.2 Karaj Nuclear Research Centre for Agriculture and Medicine

This Centre became operational in 1986 and includes a 30 MeV

cyclotron accelerator. Various isotopes such as 67Ga and 201Tl are produced
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for diagnostic and prognostic applications. 81mKr, u lIn and 18F will be

produced in the near future.

A secondary standard dosimetry laboratory and an ion beam

department are also operational at the Centre.

The Centre is very active in nuclear agricultural research and

research activities in areas such as plant breeding, soil fertility and plant

nutrition, stored food pest control and food irradiation and animal

husbandry are conducted at the Centre.

Other departments of this Centre are those for material analysis and

characterization, nuclear electronics, radiation protection, health physics

and radiation therapy.

2.3 Esfahan Nuclear Technology Centre

Considering the revised nuclear power programmes of the Islamic

Republic of Iran (to which I shall make further reference later) it was

decided to maintain the original objectives of this Centre, i.e. providing

technical support and services for nuclear power plants, but on a different

scale.

The current main activities of this Centre are :

operator training for repair and maintenance of nuclear power plants,

design of sub-critical and zero-power reactors, pressurized loops,

reactor control and automation systems, and experimental power

reactors,

technical support and services for nuclear power plants, and

research in, and construction of, proto-type facilities for, PWR

nuclear fuel.
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2.4 Yazd Centre for Radiation Research and Applications

This Centre was established in 1997 for the purpose of industrial

applications of electron beams and X-rays produced by accelerators.

The electron accelerator at this Centre can produce electron beams

with energy levels of 5 and 10 MeV.

Services will be provided, inter alia, for :

irradiation of packaging materials,

production of special lubricants,

food irradiation,

irradiation of glass,

sterilization of disposable medical products,

production of heat-shrinkable tubes, and

production of heat-resistant pipes.

In addition to the R&D activities taking place at the various AEOI

research centres, AEOI has stablished departments or divisions for :

nuclear fuel and exploration,

reactor systems design and development,

radiation protection,

nuclear safety

theoretical physics and mathematics, and

research on elevated natural radiation.

3 - Nuclear Power Programmes of AEOI

As mentioned in the Introduction the original nuclear power

programme of AEOI was considered unsustainable.
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It was recognized, however, that a revised and scaled-down nuclear

power programme was essential because :

a) nuclear power plants play an important role in enhancing the nuclear

science and technology infrastructure,

b) nuclear power plants boost manufacturing capacity and quality in

various industrial sectors, and

c) nuclear power is a viable option in any energy mix.

Considering the above, two different projects were considered :

1 - construction of one or two medium-sized nuclear power plants,

2 - completion of BNPP.

As mentioned before BNPP was in an advanced stage of construction

when the project was abandoned by its supplier/contractor (unit No.l of

BNPP was about 80% completed). This meant that substantial capital was

already invested in this project. Furthermore, construction of new units

entailed investments in line with that required for the completion of BNPP.

Therefore, it was decided that the priority, in AEOI nuclear power

programme, be given to the completion of unit No.l of BNPP and then

further extensions of the programme be based on the successful completion

of this project and also the possibility of increased local participation.

In spite of considerable efforts by AEOI the original contractor of

BNPP, refused to co-operate in its completion. Eventually, AEOI had to

look elsewhere for a partner for this project. Based on an offer from the

Ministry of Atomic Energy of the Russian Federation, expressing

willingness to co-operate with AEOI, a contract was concluded in 1995

between the parties to complete unit No.l of BNPP, using VVER-1000

equipment and technology.
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In spite of the fact that Iran has been an early signatory of the NPT

and has been under full-scope safeguards system of the IAEA and has,

furthermore, been always among the States which fully co-operated with

the Agency in a clear and transparent manner, nevertheless the political

pressures on the Islamic Republic of Iran to abandon its nuclear power

programme has been extremely intense. This is hard to understand because

peaceful application of nuclear energy, within the framework of the

relevant international treaties and conventions, is an inalienable right of all

nations.

Persistent propaganda through various publications and news media

attempt to cast doubt on peaceful nature of the Islamic Republic of Iran's

nuclear activities.

Having signed all the relevant treaties and conventions and observing

all internationally endorsed means of control and verification, we shall

therefore consider it our right to utilize peaceful applications of nuclear

energy in a manner commensurate with our needs, requirements and

economic development plans.

4 - Nuclear Energy and Sustainable Development

It may be worth noting that the birth and the growth of the galaxies

and the sustenance of life on earth, as well as the collapse of solar systems

and the extinction of other possible life-forums elsewhere in the universe,

have all their origins in nuclear forces.

Man in his quest to harness and utilize the potentials of this great

natural force, i.e. the conversion of matter into energy, has, therefore, a

clear choice to make.

Having said this, our choice is very clear. We pursue nuclear
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activities in so far as it is beneficial to our society and to our development

plans.

The world, having experienced the diabolically destructive effects of

military applications of nuclear energy, no longer can afford to utilize this

energy in any other way but peacefully.

This choice is clearly recognized by the international community.

Peaceful applications of nuclear energy, both in power generation as well

as in medical, agricultural and industrial applications, presently contribute

to the economies of various countries in a significant manner.

Even non-power applications of nuclear energy have become so

wide-spread that in certain developed States the contribution of such

application to the economy is much higher than that of nuclear power

plants.

It is, therefore, inevitable for all developing States to keep abreast,

to the extent possible, with the progress in this field.

I can confidently claim that in the Islamic Republic of Iran we have

tried and have largely succeeded.

Iran as a country rich in natural resources, particularly oil and gas,

does not intend to rely indefinitely on fossil fuels to satisfy its energy

requirements.

Oil and gas are strategic commodities best used as a basis for

producing end-use products thus generating foreign exchange rather than

electrical energy.

Variety in electrical generating mix, on the other hand, is a critical

issue directly affecting sustainable development.

It is, therefore, essential for each country to recognize this and plan

its energy requirements to satisfy its long-term development plants. Nuclear

power, as a safe and environmentally-friendly electricity-generating option,
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can be a serious candidate in any energy-planning programme. It can even

become more economical if engineering considerations rather than politics

decide its fate.

5 - Conclusion

Today we are witnessing the rapid growth of peaceful applications

of nuclear energy in all walks of life. From simple X-ray machines at

dental clinics to highly complex nuclear power plants, our every-day life

is touched, in one way or another, by the advances in nuclear science and

technology. The scope of such applications in the fields of medicine,

agriculture and industry is continuously expanding.

This trend will continue in the foreseeable future, notwithstanding,

political pressures and discriminations, thus culminating eventually in the

harnessing of fusion energy. Such a triumph will dramatically alter the

established patterns of energy use, and thus economy, for ever.

Developing States, realizing the important role that peaceful

applications of nuclear science and technology play, and will play, in their

economic growth, should not be left behind in this process.

Tank you.

o&t Xt,
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Abstract

In the sister worlds of radioactive waste management disposal and environmental restoration, there are two
similar processes and computational approaches for determining the acceptability of the proposed
activities. While similar, these two techniques can lead to confusion and misunderstanding if the
differences are not recognized and appreciated. In the case of radioactive waste management, the
performance assessment process is used to determine compliance with certain prescribed "performance
objectives." These objectives are designed to ensure that the disposal of radioactive (high-level, low-level,
and/or transuranic) waste will be protective of human health and the environment. The environmental link
is primarily through assuring protection of the groundwater as a resource. The performance assessment
process has its genesis in several Department of Energy (DOE), Nuclear Regulatory Commission (NRC),
Environmental Protection Agency (EPA) Orders, Regulations and the like. In particular, for the disposal of
low-level radioactive waste at a DOE facility, the requirements for a performance assessment are found in
DOE Order 5 820.2 A entitled "Radioactive Waste Management." In the case of environmental restoration,
the risk assessment process is used to determine the proper remedial action response, if any, for a past
hazardous waste release. The process compares the "no action" or "leave as is" option with both
carcinogenic and noncarcinogenic values for human health to determine the need for any action and to help
determine just what the appropriate action would need to be. The carcinogenic and noncarcinogenic values
have been selected to provide assurance that if met there will be no adverse health effects or unacceptable
cancer risks to humans. The impacts to the ecological system are evaluated in a slightly different but
similar fashion. The risk assessment process has its genesis in the Comprehensive Environmental
Response Compensation and Liability Act (CERCLA) and subsequent regulation known as the National
Contingency Plan (NCP). Now the common objectives between these two processes notwithstanding, there
are some key and fundamental differences that need to be answered that make direct comparisons or a
common approach inappropriate. Failure to recognize this can lead to confusion and misunderstanding.
This can be particularly problematic when one is faced with an active disposal facility located within the
boundaries of an environmental restoration site as is the case at the Idaho National Engineering Laboratory
(INEL). Through a critical evaluation of the performance assessment and risk assessment processes,
highlighting both similarities and differences, it is hoped that greater understanding and appreciation of
these two approaches will be had by regulators, analysts, and the public alike.

INTRODUCTION

In the areas of waste management disposal and environmental restoration, there are available two different
yet similar approaches for determining the acceptability of the proposed actions. These two approaches
arise from the fact that a lot of times, even when the proposed/resultant action is the same, the question of
acceptability can be looked at either forward or backward. Because of this, while there are similarities
between the two approaches, there are and should be differences. This paper will critically examine the
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two processes, highlighting the similarities and the differences. From this examination, it will become
clear why there need to be two processes and why one should appreciate the appropriateness of each.

BACKGROUND - PERFORMANCE ASSESSMENT

Let's begin with looking an area, low-level radioactive waste management disposal. Here is a situation
where one needs to know if the particular environmental setting that is being considered for the disposal is
suitable or can be made suitable (by engineering designs, etc.) for disposal of the specific waste being
considered. By suitability, it is meant that the disposed waste will pose an acceptable risk to humans and
the environment now and in the future. The method that is commonly selected to demonstrate the
acceptability is typically called a "performance assessment". Essentially one is assessing the performance
of the environmental setting and any engineering enhancements with respect to the waste and its release
and effect. A Webster-like definition would read something like: Performance Assessment - n. A
systematic analysis of the potential radiological doses posed by the low-level management system to
workers, the public, and environment, and a comparison of those doses to established performance
objectives. Now even though these descriptions seem fairly straightforward and somewhat simple they can
in fact be most complex and difficult. Even the words themselves can involve much deliberations. For
example the expression "performance objectives" must be location, receptor and activity specific in
addition to being time dependent to provide the necessary assurance that the disposal will pose no
unacceptable risk.

The specific requirements associated with the disposal of low-level radioactive waste and supporting
guidance documents vary according to the regulatory agency responsible for approving the disposal and
the entity that is performing the disposal as well as in some cases the generator of the waste. For the
situation where the generator is the DOE and is disposing of waste in a DOE facility, then the regulation
that specifies the requirement for a performance assessment is DOE Order 5 820.2A entitled "Radioactive
Waste Management."

Regardless of which specific requirements are to be imposed, the computational process is essentially the
same. Also the information and data needed to perform the calculations are essentially the same. This can
vary somewhat based on the specific computational tool and its algorithms but for the most part the needed
inputs are not vastly different. For example, in all cases, the activity, radioactivity that is, by nuclide is
needed, the chemical and physical form, any packaging, etc. would be needed to initiate any subsequent
computations. Also, there are common environmental setting values that would be the same. For
example, average precipitation, cover thickness, soil moisture content, and depth to water table, would be
typical inputs needed in all cases.

Briefly, the performance assessment involves a series of steps. These steps will include a determination of
the inventory; its rate and release from the waste form; the fate and transport of the radioactivity in the
subsurface; the fate and transport in the aquifer, surface water, surficial soil, and air; the exposure and dose
to a receptor at a particular location and point in time; and a comparison of the doses to the performance
objectives. Now obviously, this is a simplification of the process but does give a sense of the steps and
what the outcome will be. If the doses are less than the prescribed performance objectives, then the
disposal would be acceptable. If the doses are greater than the performance objectives than any one of
several things would need to be done. These things could range from reducing the inventory, to adding
engineered features such as a robust cap, to moving to a-different site. The particular step that is ultimately
taken will depend on what factors led to the evaluation exceeding which performance objective.

BACKGROUND - RISK ASSESSMENT

Now, let's turn our attention to the environmental restoration and its associated risk assessment process for
determining the need for action. Environmental restoration is a very diverse area that can encompass a
wide range of actions. For the purposes of this discussion, let's look at the situation of trying to determine
if an abandoned low-level radioactive waste disposal area needs to be remediated. If this facility were
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located in the United States, there is a good chance the regulatory authority would be the EPA and the
statutory reference would be the CERCLA. Were this to be the case, then the exercise one would
undertake would be what is referred to as a "baseline risk assessment" or more simply a risk assessment.
Here one is essentially trying to determine the health risk to humans and the environment from the
disposed radioactive contamination if no action is taken. A textbook definition for this assessment might
look something like this: n. an analysis of the potential adverse health effects (current or future) caused by
hazardous substance releases from a site in the absence of any actions to control or mitigate these releases
(i.e., under an assumption of no action). As in the case of performance assessment, the words seem fairly
straightforward, but the assessment itself can be most complex and difficult. These analyses typically
require a multidisciplinary team, much time and plenty of money.

The specific requirements for a baseline risk assessment are found in the National Contingency Plan (NCP)
(40 CFR 300). The NCP is the implementing regulation for the Superfund Law also known as CERCLA.
This requirement is supplemented with many guidance documents to provide necessary details on how to
conduct a baseline risk assessment. The major document is the Risk Assessment Guidance for Superfund
(RAGS) which consists of two volumes. The first volume deals with human health, while the second
volume entitled "Environmental Evaluation Manual" addresses ecological health.

There are typically four steps that would be taken to conduct this assessment. The first step is commonly
called "hazard identification". It is here that the identity and characteristics of the low-level radioactive
waste are determined. Information pertaining to each isotope, such as the concentration, chemical and
physical form, the packaging, etc. is gathered in preparation for the subsequent steps. It is also here that
the identify and characteristics of any hazardous non-radioactive contaminants would be determined.
Heavy metals such as lead, and cleaning solvents such as carbon tetrachloride are common examples of
non-radioactive hazardous substances that are found in older disposal facilities.

The second step which can be done in parallel with step three is commonly referred to as exposure
assessment. This can be a very complex and time consuming step. It is here where the time dependent fate
and transport of the contaminants is determined usually with the help of powerful computational models.
The outcome of this substep is the time dependent media contaminant concentrations. For example, 4 pCi/1
of Cs-137 in the aquifer 100 meters downgradient from the disposal site 50 years from the present would
be an example of one output. These time-dependent contaminant media concentrations are coupled with
intake variables based on the receptor and the associated activity to determine the pathway specific
exposures. Here, one may have a worker who drinks 2 I/day, 5 days a week for 50 weeks a year for 20
years. These would be the drinking water pathway intake variables.

The third step in this baseline risk assessment process is called the toxicity assessment. It is in this step that
the determination of toxicity values for both noncarcinogenic and carcinogenic effects is performed. This
step is sometimes referred to as the dose-response evaluation. The numerical expressions for the dose-
response relationships are called "reference doses" for noncarcinogenic effects and "slope factors" for
carcinogenic effects. This is yet another step that, depending upon the available information, can be very
arduous and contentious.

The fourth and last step is called the risk characterization step. This is the step where the results from the
previous steps are brought together and synthesized into qualitative and quantitative expressions of risk.
Here the toxicity values are combined with the pathway specific exposures. As appropriate, these pathway
specific risks are combined across pathways to give the overall risk from an associated activity. These
results are then usually compared against two constraints. For carcinogenic risk, the constraint is typically
defined as a range, 10"4 to 10"* incremental risk of cancer incidence. Risks above the range are usually
deemed unacceptable. Risks below the range are considered acceptable. For noncarcinogenic risk, the
constraint is usually defined as a hazard quotient or hazard index (for multiple contaminants) equal to 1.
That is, if the hazard quotient/index is less than one than it is not likely there will be any adverse
noncarcinogenic health risks. If the hazard quotient/index is greater than one, then there is a chance of an
adverse health effect and some response action may be in order.
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The previous paragraphs have given a brief overview of the two processes of interest to set the stage for the
following discussion on the similarities and the differences. While it might be clear that there are some
similarities as well as some differences a more critical eye is needed to identify them all. As a matter of
fact, after a listing of the similarities and differences it will become clearer why there really needs to be two
separate approaches.

SIMILARITIES

Let's begin with a look at what is generally alike. In the first case, both tools, the performance assessment
and the risk assessment, have as their overarching goal to provide the information needed to help assure
protection of human health from the waste in question. Secondly both tools must address fate and transport
of the radioactive contaminants through the environment. Thirdly, both the performance assessment and
risk assessment require a description of the environment setting. Items like soil type, depth to water table,
average infiltration rates, cover thickness, etc. are values necessary to describe the physical conditions.
Fourthly, both tools require a description of the radioactive constituents. Characteristics like concentration,
chemical and physical form, and packaging are needed to adequately describe the hazard. Fifthly,
exposures to human receptors from hazardous substances are determined in both efforts. A cursory look at
these general similarities would seem to indicate that they are essentially the same analyses requiring the
same inputs. However, one does not have to look too deeply to identify a whole multitude of differences.

DIFFERENCES

The first of many differences is that the CERCLA baseline risk assessment considers the impacts from both
radioactive and nonradioactive hazardous substances while the performance assessment only considers the
radioactive constituents. Depending of the composition of the waste in question this can have a major
impact. For instance, having highly mobile carcinogenic solvents in the waste matrix can sometimes drive
the overall risk. Secondly, even in the case of radionuclides, the CERCLA risk assessment considers both
the carcinogenic and noncarcinogenic adverse health effects, while the performance assessment only
considers the carcinogenic impact. For certain heavy metal contaminants, like uranium, this can also have
significant influence. It is not uncommon to find the effect from the metal toxicity of uranium to exceed its
radiotoxicity. Thirdly, the CERCLA risk assessment process addresses potential impacts to the
environment in a much more robust manner than the performance assessment does. There is an entire
separate guidance manual and supporting documents devoted to the evaluation of ecological health. In the
case of the performance assessment, the only performance objective that is related to the environment is the
one which states "protect groundwater resources, consistent with Federal, State and local requirements."
Fourthly, the exposure scenarios that are evaluated are typically much different. In the case of the
performance assessment there are a suite of standard scenarios that are required to be evaluated. These
scenarios include both intrusive (e.g. drilling a well ) and non-intrusive scenarios. In the case of
CERCLA, the scenarios to be evaluated are based on likely use of the land and agreement with the
regulatory agencies and the public. As such, there can be a whole range of scenarios to be evaluated
ranging from recreational use to residential use to industrial use. Another difference is the time of
compliance. Neither of the processes have a definitive specified time period during which compliance or
acceptability is required. In the case of the performance assessment, the tradition has been to calculate to
the time of peak dose with the window of compliance being 10,000 years. For CERCLA risk assessments
the time period can range from just present day to 10,000 years and beyond. Typically the time period is
much shorter than for a performance assessment. Yet another difference relates to the acceptance levels or
performance objectives. For performance assessments the objective is a dose, not a risk. For risk
assessments, to no surprise, the result is a risk. It is not that one cannot convert the dose to a risk, but even
the conversion can raise some differences in not only just how to do it, but what dose conversion values to
use. One could go on and on listing differences but the important point now is to discuss why there are
differences and why that is good.
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DISCUSSION

The best way to understand the differences is to recognize that the two processes are really trying to
answer two very different questions. In the case of the performance assessment, one is really trying to
decide if the site where the disposal is planned, is suitable for the waste. It really is a preventive type of
question. That is, what is it that one must do or what is it that can be buried without the likelihood of
creating a site whose releases at some time in the future might require corrective action. In the case of the
risk assessment process, the contaminants have already been disposed. To use an old axiom the horse is
already out of the barn. For this instance, one is really trying to determine if there is a need to cleanup or if
the past disposal will not result in any releases that would exceed protective criteria. Because the questions
are different and because the timing of the activities are different it is only fitting there are different tools to
help answer the questions.

In the case of the performance assessment, one is usually in an excellent position to know a great deal
about and/or control the inventory of hazardous material being qpnsidered for disposal. Additionally,
control over the packaging, disposal arrangement, etc. are possible. Further, depending on the situation,
one can possibly even change the location and find a more favorable site if need be. This is not the case
for a risk assessment, where the cards have already been dealt, that is the waste has already been disposed,
the location already chosen. As a result, the inventory can be highly uncertain, and the packaging and
disposal arrangement may not be well known either. Couple this with the usual situation of having highly
uncertain knowledge about the environmental setting and associated fate and transport of the contaminants
and the resultant risk picture has great uncertainty. The recognition of this inherent uncertainty manifests
itself somewhat in the metric against which the results are compared. In the case of the performance
assessment there are bright lines if you will. Specific numbers, like 25 mRem/yr. If one is below the
number then the disposal is acceptable. In the case of the risk assessment, the metric is a range of two
orders of magnitude. That is, depending on the particular circumstances, an acceptable answer can be 10"4

while in another case an acceptable answer can be 10"6, two orders of magnitude different.

One other way to look at the two situations metaphorically, is to think of two patients. One, who is healthy
and another one who has a tumor. In the case of the first patient, one needs to take the necessary steps to
keep the patient healthy. Diet and exercise would be key preventive measures. Here, the diet would relate
to the inventory and exercise would correspond to the engineered features incorporated into the facility
design. Eating carefully is very important for a healthy patient just as a carefully selected inventory is
critical to an acceptable (healthy) disposal facility. Likewise, just as exercise makes the patient more
robust and resistant to disease and illness, engineered features do the same for a disposal facility.

With respect to the patient with a tumor, the need is to determine whether the tumor is benign or malignant.
This is the similar to trying to determine whether a hazardous waste site needs to be cleaned up or not. If
the tumor is benign, then no further action is required. If the tumor is malignant then an operation or some
other "remedial action" is needed. This corresponds to the case when the baseline risk assessment indicates
either an acceptable risk and no further action is required (benign) or an unacceptable risk and therefore a
need to cleanup or take some action (malignant).

Now let's look at the special case where one has an active disposal area inside a CERCLA Superfund site.
The INEL has such a situation that is presently being evaluated. This indeed poses a unique set of
circumstances. There can be one of several outcomes some of which at first glance would appear
inconsistent. Of the possible outcomes there are four general ones. The first is the case where the past
disposal poses an unacceptable risk but one could continue to dispose of radioactive waste. The second
case is where the past disposal poses an acceptable risk but one could not dispose of any additional
radioactive waste. The third case is where the past disposal poses an unacceptable risk and so does any
additional waste disposal. The last case is where the past disposal poses an acceptable risk and one can
continue to dispose of additional radioactive waste.
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Let's examine the two outcomes that appear to be inconsistent more closely. In the first case, one conducts
a baseline risk assessment for the past waste disposed and finds that the resultant risk exceeds the
acceptable risk range. Now if this is the case, how is it possible that one could continue to dispose of
radioactive waste? Well, the answer lies in just what contaminants are driving the unacceptable risk, when
the unacceptable risk takes place, and what contaminants are planned to be disposed and when they might
affect the risk results. As an example one might determine that the past waste disposed poses an
unacceptable risk during the 100 to 350 year time frame. And that for all other times the risk is below the
acceptable risk range. Now armed with this information, one can conduct a performance assessment on the
planned waste disposal and if the modeled releases do not impact the risk window and meet the
performance objectives for all times then it is quite appropriate to consider continued disposal. Now of
course there may be other reasons not to continue disposal. These reasons could range from political to
continued disposal will inhibit effective remediation on the past waste. But also it could be the most
appropriate and cost-effective place to dispose of the waste and should not necessarily be ruled out solely
on the basis of the risk assessment results.

How about the case where the past waste disposed poses an acceptable risk but future disposal is
unacceptable? Here one can envision the baseline risk assessment indicating a long-term risk that is right
on the edge of acceptability. For example the waste could be slowly yet continually releasing into the
environment resulting in a risk level at the upper end of the acceptable risk range for the next 1,000 years.
Now when one conducts a performance assessment and finds any exposure during the next 1,000 years
then it would not be considered prudent to continue to dispose. Also it might not be cost effective to
institute engineered barriers to delay the exposure for 1,000 years.

CONCLUSION

In summary, there are many other possible scenarios and variables for the complex issues of waste disposal
and environmental restoration. Suffice it to say that one needs to be most careful in how one goes about
evaluating the situation at hand. There are two important tools at one's disposal, no pun intended. The risk
assessment process is the proper tool to use to help determine the need to cleanup past disposed waste. The
performance assessment process is the proper tool to use to ensure that any planned disposal can be done
in a safe manner. Between these two efforts one can provide the assurance that environmentally sound
decisions are being made.

* Work supported by the U. S. Department of Energy, under DOE Idaho Operations Contract DE-AC07-
94ID13223
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I. Introduction

The sustainable development, pursuing both the economic growth and the preservation of

environment, is being emphasized internationally. Since nuclear energy has enormous potential to

contribute to the sustainable development, the efficiency improvement of its development and use has

emerged as an important social issue.

In this regard, this paper takes a close look at the role of nuclear energy within the framework

of energy demand and supply, when the international environmental regulation such as the control on

carbon emission is imposed. More specifically, this paper examines the effect of carbon tax on the

various economic variables such as GDP, electricity price, energy demand, and the volume of carbon

emissions. To do so, an econometric model for energy demand and supply is developed. Here,

several scenarios on the regulation are assumed and then each scenario is analyzed by using this model.

II. Design of Model

This model investigates the effect of carbon tax on the gross domestic product(GDP) and on the

energy sector including electric sector as shown in Figure 1.

Once carbon emission regulation or carbon tax is imposed, the impacts are transferred to the

increases in the energy price of each fuel type depending on its carbon content. These increases in the

energy prices reduce energy demand both by "price effect" and by "income effect". The income effect

stems from the reduction of real GDP by the increase in energy price. Thus, the final demand for

energy, which is composed of such demand as industrial, residential & commercial, and

transportation, is determined by the degree of the changes in energy prices and GDP. On the other

hand, GDP is determined by the changes in such variables as exchange rate, wage, and heavy oil

price.

Similarly, electricity demand is also determined by fuel prices and GDP. In power generation

sector, fuel mix greatly affects the electricity price through the changes in power generation costs.

Therefore, electricity demand and electricity price are determined simultaneously in this analysis.

This model is distinguished from the other models by adding power generation sector in the

analysis of overall energy and economic activities for a national economy. This model is designed to
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put a special emphasis on the energy demand and power generation sector. It assumes, however, a

very simplified macro economic activities.

Figure 1. Design of Model
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III. Model Specification and Estimation

1. Non-Electric Final Energy Demand Equations

The basic functional form of final non-electric energy demand is specified as follows:

i_,_, +y\uGDPt +5\nPi, +OTime (1)

,where Dj, is the demand for rth fuel type in t period, GDP, is the real GDP in t period, P;, is the real

price of rth fuel type in t period, Time is a linear time trend, u is a white noise error term. The

demand for each fuel type is specified as a variational form of equation (1), depending on the fuel

type and the selection of proxy variables.

The non-electric final energy demand is divided by the purpose of its final use, and they are

composed of industrial, residential & commercial, and transportation energy demand. In the actual

estimation of the final energy demand, further sub-division is made by each fuel type. Accordingly,
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the industrial energy demand is divided into thermal energy, naphtha, and coke in actual estimation.

Residential & commercial energy demand is divided into thermal energy, coal, and heavy oil. Finally,

transportation energy is divided into gasoline, diesel, butane, jet fuel, and heavy oil.

2. Economic Activity Equations

The equations for macro economic activities figure out the macro economic impacts of changes

in energy sector. They are specified as follows:

(Total Energy Demand Equation)

TDD, =J3O+ ftPhoil, + fizWt + (5JIME, + ut (2)

,where TDD is the total energy demand, Phoil is the heavy oil price, and W is the real wage. Here,

heavy oil price is used as a proxy for oil price.

(Inverse of Energy Intensity Equation)

(GDP I TDD )t=a0+a,{ GDP / TDD),_, + azEXt_, + U, (3)

,where Ex is the exchange rate in terms of US dollar.

(GDP equation)

GDP equation is obtained by deleting and rearranging TDD which appears both in equation (2)

and (3).

GDP, = y0 + y{jDP,_y + yzPhoil, + yzPhoil,_y + y^W, + ysW,_^ + y&Ex,^ + y7T/met

where, y0 = a0 + fi0 - a^0 / , = ay y2— ft

For the simplicity, only the GDP equation describes the economic activities in this model.

3. Electric Energy Equations

Electric energy equations are composed of four blocks. The direction of causation runs from

electricity demand to fuel conversion efficiency, then to fossil fuel inputs, and finally to electricity

prices. The model is not recursive, however, as electricity prices have a feedback effect on electricity

demand.
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Electricity demand block produces the total amount of electricity sales, which is derived by

summing up sectoral demands of residential, commercial, and industrial electricity. Demand

equations for each sector are specified as a function of the value added and electricity prices for its

corresponding sector.

Fuel conversion block produces the total amount of electricity generation to meet the electricity

demand determined by electricity demand block. In this block, heat rate in fossil fuel is determined by

comparing the amount of electricity generated and the primary energy required to generate electricity

by fossil fuel.

Fuel block produces electricity fuel price, which is determined by primary fuel prices such as

anthracite coal, bituminous coal, heavy oil, LNG, and nuclear.

Electricity price block produces each sector's electricity price. It is simply determined by

marking up to the average electricity price (for total amount of electricity sales), which is mostly

dependent both on fuel prices and on power plant capital costs. In the historical estimation of average

price for electricity, only electricity fuel price was used as an independent variable in the regression

estimation, because it was almost impossible to get a reliable data on the capital costs for power plant

construction in Korea. In forecasting simulation, however, the average electricity price equation is re-

specified to reflect the changes in capital costs as well as in fuel costs. The detailed derivation of the

average electricity price equation is provided in Appendix 2.

The estimation results of the above equations are presented in Appendix 1. They are acceptable

in terms of signs of the estimated coefficient and significance level.

IV. Forecasting Assumptions and Scenarios

1. Assumptions

- Reduce carbon emission in the year of 2020 at the level of the year 2000

- Escalation of fossil fuel price(coal 1%, oil 3%, gas 3%)

- Carbon tax is levied from the year 2001 to meet the international CO2 regulation

- Gas is substituted for both coal and oil by 5% every year in non-electric energy sector when

carbon tax is levied

2. Scenarios

- Base scenario assumes that no regulation is imposed on CO2 emission.

- Quantity regulation assumes that the regulation is imposed on the quantity of carbon

emission in total.

- Population regulation assumes that the regulation is imposed on the quantity of carbon

emission per capita.
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Scenario

Base scenario
(No regulation)

Quantity-1
Scenario

Quantity-2
Scenario

Population-1
Scenario

Population-2
Scenario

Description

- No carbon tax

- Share of nuclear generation in electric sector:
(2001 - 2010: 37%~45% , 2011-2020: 45%)

- Carbon tax

- Share of nuclear generation in electric sector is the same as in base scenario.

- Carbon tax

- Increased share of nuclear generation in electric sector :
(2001 - 2010 : 50%, 2011 - 2020 : 60%)

- Carbon tax

- Share of nuclear generation in electric sector is the same as in base scenario.

- Increased share of nuclear generation in electric sector
(2001 - 2010 : 50%, 2011 - 2020 : 60%)

V. Results

The results are plotted in Figure 2, 3, 4, and 5. The regulation on the total quantity of carbon

emission(Quantity Scenarios) turned out to have great influences on the national economy. In this

case, the impacts from the regulation was so severe that there seems no policy option available other

than promoting the change in the patterns of energy consumption. Nevertheless, quantity-2 scenario

showed more favorable results. Quantity-2 scenario resulted that in the year 2020, GDP decreases by

10.2% compared with the base scenario, while the electricity price increases by 651.2%. Also, the

proper rate of carbon tax was 3,952 US$/C-ton.

Although the increase of nuclear share in electric sector contributes greatly to the stability of

economic variables in this scenario compared with quantity-1 scenario, it still seems the economy can

not stand alone under the control of the total quantity of carbon emission.

On the other hand, in the case of the regulation on the quantity of carbon emission per capita

(Population Scenarios), the impact appeared less severe than the case of the regulation on the total

quantity of carbon emission. As the same in the quantity regulation scenarios, population-2 scenario

turned out to be more favorable than population-1 scenario. The situation was greatly improved when

it was compared with that of the quantity regulation scenarios. In population-2 scenario, GDP

decreases only by 6.1% compared with base scenario in the year 2020, while the electricity price

increases by 257.1%. Also, the proper rate of carbon tax was 1,156 US$/C-ton.

This implies that the economy can, somehow, survive if the international regulation is imposed

on the quantity of carbon emission per capita instead of the total carbon emission. Also, the increased

share of nuclear can play some roles by reducing the electricity price by 46.2% in the year 2020 in

population-2 scenario, compared with population-1 scenario.
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VI. Concluding Remarks

From the results, it is found that the national economy is significantly influenced according to

which regulation is imposed. If the international regulation is imposed on the total quantity of carbon

emission, the impact would be so severe that Korean economy could not stand alone. In this case,

expanding the share of nuclear is not enough for the economy to overcome the impact from the

regulation. However, if the regulation is imposed on the quantity of carbon emission per capita

instead of the total carbon emission, it would bring definitely a better opportunity to the Korean

economy. In the latter case, there is a room that nuclear can contribute. If the share of nuclear is

increased up to 60% in 2020 instead of 45%, GDP would rise by 1.9% with the electricity price down

by 46%.

This paper investigated a proper rate of carbon tax as a tool for reducing CO2 emission in

Korea. As a result, the proper rate of carbon tax was estimated in the range of 160 - 973 US$/C-ton in

2010, which was exaggerated, compared with more or less 100 US$/C-ton usually cited in advanced

countries. However, if continuous efforts for promoting both the change in the patterns of energy

consumption and energy conservation paralleled with carbon tax, the proper carbon tax rate would be

reasonably ranged and, therefore the contribution of nuclear would increase significantly.

The econometric model developed in this paper can be extended to study on the impact of fuel

price escalation, the impact of capital investment costs increases, and so on.

Reference
1. HousmanJ.A. "Specification Tests in Econometrics", Econometrica, Vol.46, 1978.
2. Man-Ki Lee, Seung-Su Kim, "Effect of CO2 Emissions Regulation on the Electricity Price in
Korea", Environmental Economic Review, Vol. 4, No. 1. 1995.
3. Mori, S., An Energy/Economy Model for the Evaluation of Energy Technologies and
Policy Options in Japan, in Global Warming and Economic Groth edited by A.Amano, 1992
4. Robert S. Pindyck, Daniel L. Rubinfeld, Econometric Models and Economic Forecasts, Second
Edition McGraw-Hill, 1981, pp. 355.
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Figure 2. GDP Loss

1 ,000,000

900,000

800,000

_ 700,000

c » 600,000
g o

O>

500,000

400,000

300,000

200,000

- - - Quantitity-1
Quantity-2
Population —1
Population—2

1996 2000 2005 2010 2015 2020

Figure 3. Electricity Price
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Figure 4. Carbon Emissions
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Figure 5. Carbon Tax
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<Appendix 1>

1. Non-Electric Energy Equation

(1) Industrial Energy Demand

1) Thermal Use

lnSTHDMDt = -1.978707 + 0.652570 lnSTHDMDt-i + 0.464356 lnGDPt
(-0.70) (4.37) (1.73)

- 0.015736 lnSTHPRIt
(-0.19)

OLS R2=0.99 D.W=1.23

2) Naphtha
inSNAPDMDt = -3.789704 + 0.806751 lnSNAPDMDt-i + 0.4666801n GDPt

(1.59) (5.35) (-1.60)

OLS R2= 0.97 D.W= 1.23

3) Coke
lnSCOKDMDt = 1.904203 + 0.492738 lnSCOKDMDt-i

(0.27) (2.08)

+ 0.383805 lnGDPt -0.177292 lnSCOKPRIt
(0.84) (-0.63)

OLS R2= 0.98 D.W= 2.06

(2) Residential & Commercial Energy Demand

1) Thermal Use
lnRTHDMDt = -3.314645 + 0.819194 lnRTHDMDt-i + 0.462986 lnGDPt

(-0.58) (6.39) (1.25)

-0.042854 lnRTHPRIt-i
(-0.22)

OLS R2= 0.99 D.W= 2.01

2) Heavy Oi1
lnRHODMDt = 0.497182 + 0.594146 lnGDPt -0.026240 lnRHOPRIt

(0.22) (3.99) (-0.49)

CORC p =0.613890(1.92) R2= 0.97 D.W=1.76

3) Anthracite
lnRMUDMDt = 49.869568 -0.584051 lnRMUPRIt -1.364238TIMEt

(4.60) (-0.94) (-8.23)
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CORC p =0.950087(18.40) R2= 0.97 D.W=1.76

(3) Transportation Energy Demand

1) Diesel
lnTDSDMDt = -7.321528 + 1.363675 lnGDPt -0.018378 lnTDSPRIt

(-6.87) (23.98) (-0.45)

CORC p =0.572330(1.71) R2= 0.99 D.W=1.57

2) Gasoline
lnTGADMDt= -0.648714 +0.791842 lnTGADMDt-i +0.409124 lnGDPt

(-0.11) (4.92) (0.79)

-0.185118 lnTGAPRL
(-2.40)

OLS R2=0.99 D.W= 1.73

3) Butane
lnTBTDMDt = 5.065867 +0.208392 lnGDPt -0.082744 lnTBTPRIt

(0.79) (0.43) (-1.07)

+0.058426TIMEt
(1.89)

CORC p =0.210933(0.90) R2= 0.99 D.W=2.18

4) Jet Fuel
lnTJETDMDt = 2.171997 +0.820927 lnTJETDMDt-i +0.094334 lnGDPt

(0.26) (5.38) (0.19)

-0.168080 lnTJETPRIt
(-0.68)

OLS R2=0.99 D.W=2.47

5) Heavy Oil
lnTHODMD. = 18.454567 -0.969291 lnTHOPRL

(8.41) (-5.17)

CORC p =0.083746(0.21) R2= 0.79 D.W=1.78

2. Economic Activity Equation

(1) Total Energy Demand

216



lnTDDt = 2.384419 -0.042587 lnPhoilt + 0.672774 lnWt
(1.10) (-1.48) (3.98)

+ 0.040436 lnTimet
(3.14)

OLS R2=0.99 D.W= 0.90

(2) Inverse Energy Intensi ty
ln(GDP/TDD)t= -1.502118 + 1.020536 ln(GDP/TDD)t-i

(-1.91) (7.16)

+ 0.222447 lnEXt-i
(1.98)

OLS R2=0.84 D.W= 1.14

3. E l e c t r i c i t y Sector Equation

(I) E lec t r i c i t y Demand Block
(1) lnDRt = 7.377731 + 0.388354 lnGDPt - 0.301556 lnDRPRIt

(2.06) (1.55) (-2.15)

CORC p = 0.939321 R2 = 0.99 D.W = 1.57

(2) lnDC. = -0.960892 + 0.251088 lnSOCGDPt - 0.020362 lnDCPRL

(-1.87) (1.78) (-0.95)

+ 0.835354 lnDCt-i

OLS R2 = 0.99 D.W = 2.28

(3) lnDIi = 0.811482 + 0.291515 lnJEGDPt -0.091169 lnDIPRIt
(7.03) (4.28) (-3.16)

+ 0.677080 lnDL-i
(9.61)

OLS R2 = 0.99 D.W = 1.93

(4) ESALE. = DRt + DCt +DL

(II) Fuel Conversion Block

(5) TGi = (PUMPG. + ESALE,/(l-CSRt))/(l-CIRt)

(6) TGFFc = TG. x(i-SHZ4t -SHZ5t)

(7) lnTELBTUi = 1.113527 + 0.973633 lnTGFFi
(4.84) (48.35)
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CORC p = 0.897735 R2 = 0.99 D.W = 2.06

(8) HR. = (TGFF/TELBTUt) x 860 x (1/10)

(III) Fossil Fuel Block

(9) CELBTU2, = TELBTUt - CELBTUh - OELBTUh - OELBTU2t

- LELBTUt

(10) PFUELt = (CELBTUt/TELBTU) x PCI,

+ (CELBTU2/TELBTU) X pc2t

+ (OELBTUh/TELBTU) x poi t

+ (OELBTU2/TELBTU) xpO2t

+ (LELBUT/TELBUT) x PLNGt

(11) PFF. = (PFUEL, x 860)/(HRt x 104)

(12) FUELt = PFF. x (TGFF./TGt) + PNFt x (Z5t/TGt)

(IV) Price Block

(Historical Period):

(13) lnEPRIt = 3.468929 - 0.390413 lnFUELi
(8.55) (5.43)

CORC ,0=0.933682 R2 = 0.98 D.W = 1.46

(Forecasting Period):

(13-1) SACCi = SACCi-i x (TGt-i/TG. + A TGFF/TGO

+ (AZ5/TG0 x PNK.

(13-2) FCOST, = SACC. x FCR. (8760 xCFt x(l-CIRi))

(13-3) EPRIi = (FUELt - FCOSTt) x (\+a<)

(14) DRPRIt = EPRIt x FDR.

(15) DCPRIt = EPRI. x FDC.

(16) DIPRI, = EPRI. x FDIt
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4. The variables lists used in the model

4.1 Endogenous variables
STHDMD = Thermal energy demand for industrial use.
SNAPDMD = Naphtha demand for industrial use.
SCOKDMD = Coke demand for industrial use.
RTHDMD = Thermal energy demand for commercial & residential use.
RHODMD = Heavy oil demand for commercial & residential use.
RMUDMD = Anthracite demand for commercial & residential use.
TDSDMD = Diesel demand for transportation use.
TGADMD = Gasoline demand for transportation use.
TBTDMD = Butane demand for transportation use.
TJETDMD = Jet fuel demand for transportation use.
THODMD = Heavy oil demand for transportation use.
DRPRI = Electricity price for residential use.
DCPRI = Electricity price for commercial use.
DIPRI = Electricity price for industrial use.
TG = Total electric generation.
DR = Residential electricity demand.
DC = Commercial electricity demand.
DI = Industrial electricity demand.
ESALE = Total electricity demand.
FOCST = Fixed cost in generation sector(Won/kWh).
TGFF = Total generation with fossil fuels in GWh.
TELBTU = Total fossil fuel requirements in 109 Kcal
HR = Heat rate or the Real's required to generate a kilowatt hour.
PFUEL = Fuel price of generation sector in Won/106 Kcal.
PFF = Cost per kWh of fossil fuel in Won/kWh.
FUEL = Average fuel costs of generating a kWh of electricity.
EPRI = Average price for total electricity sales.
CELBTU2 = 10 Real's of bituminous coal consumed in generation sector.
SACC = Cost per megawatt of total installed capacity in Won/kW.
GDP = Gross Domestic Product in Korea.
JEGDP = Value added produced in domestic manufacturing industry.
SOCGDP = Value added produced in service sector.

4.1 Exogenous variables
P01 = Average cost of heavy oil in generation sector(Won/106 Kcal).
P02 = Average cost of diesel in generation sector(Won/106 Kcal).
PCI = Average cost of anthracite coal in generation sector(Won/106 Kcal).
PC2 = Average cost of bituminous coal in generation sector(Won/106 Kcal).
PLNG = Average cost of LNG in generation sector in Won/106 Kcal.
CIR = Power consumption loss rates in power plant site.
CSR = Loss rates in transmission & distribution of electricity.
Z4 = Hydroelectric generation in GWh.
PUMPG = Generation requirements for pumped storage power plants.
PNF = Cost per kWh of nuclear fue1(Won/kWh).
FDR = Ratio of residential electricity price in EPRI.
FDC = Ratio of commercial electricity price in EPRI.
FDI = Ratio of industrial electricity price in EPRI.
CELBTU1 = 109 Kcal's anthracite coal consumed in generation sector.
0ELBTU1 = 109 Kcal's heavy oil consumed in generation sector.
0ELBTU2 = 109 Kcal's disel consumed in generation sector.
LELBTU = 109 Kcal's LNG consumed in generation sector.
Z5 = Nuclear generation in GWh.
PNK = Cost per megawatt of new nuclear capacity.
FCR = Fixed charge rate in generation sector.
CF = Capacity factor for total installed capacity.
STHPRI = Thermal energy price for industrial use.
SCOKPRI = Coke price for industrial use.
RTHPRI = Thermal energy price for residential & commercial use.
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RHOPRI = Heavy oil price for residential & commercial use.
Time = Time trend.
RMUPRI = Anthracite coal price for residential & commercial use.
TDSPRI = Diesel price for transportation use.
TGAPRI = Gasoline price for transportation use.
TBTPRI = Butane price for transportation use.
TJETPRI = Jet fuel price for transportation use.
THOPRI = Heavy oil price for transportation use.
W = Average wage for all industries.
EX = Exchange rate(Won/US Dollar).
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1.0 INTRODUCTION

In assay by gamma-ray spectrometry, corrections for losses by absorption within the

sample are of major importance to the accurate determination of radionuclides

emitting low energy photons (less than about 200 keV). Although the effects of self-

absorption can be minimised by calibrating the detector using standard sources with

the same geometry and composition as the sample, there are many situations where

this approach is not practicable. In these cases it is necessary to make self-absorption

corrections first for the efficiency calibration of the detector from standard sources

and then for the activity of the sample.

Self-absorption corrections can be determined empirically, or theoretically using

direct mathematical models or Monte Carlo (statistical) methods. Simplified

mathematical models (validated by experimental methods) have been developed for

disk shaped samples used on planar and coaxial detectors (Battiston et al. 1987) and

for cylindrical samples used in well-type detectors (Appleby et al. 1992). A more

exact mathematical model for use on samples in Marinelli beakers has been developed

by Debertin and Ren (1989). Rigorous Monte Carlo methods incorporating self-

absorption corrections into the determination of detector efficiency have been

"Permanent address: School of Applied Sciences, MARA Institute of Technology (Pahang Branch),
26400 BANDAR JENGKA, Malaysia.
**Presented at International Nuclear Conference '97, Kuala Lumpur, Malaysia, 26 -28 October 1997.
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employed by a number of authors (e.g. Nakamura 1972; Nakamura and Suzuki 1983;

Sanchez et al. 1991). More recently Hasse et al. (1993a, 1993b) developed a Monte

Carlo program that can be run on a personal computer.

In the present study, simple Monte Carlo simulations were used to determine the path

length of gamma-rays in various sample-detector geometries and arrangements. Using

readily obtainable data and the path length, the self-absorption correction factors of

gamma-rays by the sample can be calculated. The simulations were carried out on

three sample-detector arrangements: disk sample on coaxial detector, cylindrical

sample on well-type detector, and Marinelli beaker on coaxial detector. The

simulation code is in FORTRAN 90.

To verify the Monte Carlo simulation results, experimental measurements of self-

absorption in samples containing varying concentrations of uranium trioxide (UO3)

mixed with inactive flour were carried out (c.f. Appleby et al. 1992). This earlier

study showed that for gamma-ray energies up to 200 keV there exists a smooth

relation between self-absorption correction and the quantity |amm, where \im is the

mass absorption coefficient (cm2g'') and m the mass (g) of the sample. This relation is

also relatively independent of photon energy. For relatively low values of ^mm the

earlier study (of self-absorption in cylindrical samples in well-type detectors) also

showed that the relation is in exponential form. As a consequence of this, for a

particular sample-detector geometry, it is expected that there also exists a smooth

relation between self-absorption correction factors and the corresponding jimp values,

where p is the mass density (gem"3) of the sample. Thus in the present study, plots of

self-absorption correction factors against the corresponding fimp are used in the

verifications. Direct comparison with the results of other authors is also used to verify

the simulations.
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2.0 METHODOLOGY

2.1 The Simulations

Figure 1 shows the three sample-detector arrangements studied, with the appropriate

parameters needed for the simulations. In each case the sample is placed coaxial to the

detector. The source points generating gamma-rays were assumed to be uniformly

distributed within the samples. The position of each source point is described by the

vertical distance from the bottom of the sample, h b and the horizontal distance from

the axis, rj. In the simulation code, a source point is randomly selected by

randomising h, in the range 0 to hj, where r^ is the sample height, and rs in the range 0

to rs, where rs is the sample radius.

To describe the travelling path of the gamma-ray, two angular directions were needed.

The angle 0 determines the direction of the gamma-ray with respect to a line passing

through the source point and parallel to the axis, while the point of emission from the

sample is determined by the angle <j>. The angle <)) is measured around the parallel line,

from a line joining the parallel line to the axis. To satisfy the condition that the

gamma-ray emissions were randomly directed towards the 4rc radian directions, 9 is

randomised from 0 to n radian, while <(> is randomised from 0 to 2TU radian.

In developing the simulations it was assumed that gamma-rays travelled in straight

lines from their origin to the point of emission from the sample. Only those gamma-

rays that enter the detector crystal were considered in the calculations. Therefore,

depending on the sample-detector arrangements, different steps and constraints were

employed. If a gamma-ray enters the detector, its path length in the sample is

calculated. In the calculation only the respective sample and detector parameters, and

the four (hb r,, 0, and §) generated variables are needed.

Using the path length, a correction factor for the particular gamma-ray is calculated

using normal absorption law

/ = exp{-^m(E)pXs, (1)
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where um(E) is the mass attenuation coefficient (cm2g'') of the gamma-ray with

energy E keV, and Xs the simulated path length . The whole process is repeated for a

given number (n) of generated gamma-rays, and the values of all the corresponding

correction factors are summed and averaged to get the average self-absorption

correction factor, fmc, in the sample for the sample-detector arrangement. The

average gamma-rays path length in the sample, Xmc, was also obtained in the same

manner. The output of the simulations will give /mc and Xmc . Appendix 1 shows

samples of the output format of the simulations.

Calculations showed that for our detector specification, absorption in the Al/Mg

detector cap was negligible.

Preliminary study of the statistical uncertainties shows that with 50,000 simulated

gamma-ray, the standard error for ten repetitions of average correction factors

simulations will be less than 1%. The computer time taken for the ten repetitions was

less than 140 seconds.

The different steps and considerations taken for different sample-detector

arrangements are discussed in more details below.

Disk Samples

For disk samples, if the sample radius is greater than the detector radius (rs > rd), then

three gamma-ray routes into the detector are considered. Gamma-rays originating

from that part of the disk directly above the detector, all enter through the top of the

detector. Gamma-rays originating from that part of the disk extending beyond the

detector may enter either through the top or side.

If sample radius is less than detector radius (rs < rd), then two gamma-ray routes are

considered. They are the route through the bottom of the sample, and the route

through the side of the sample, before entering the detector.
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Cylindrical Samples

For cylindrical samples on a well-type detector, the gamma-rays are divided into two;

those directed 'upward' and those directed 'downward'. For each direction, two

gamma-rays routes are considered, the route through the top (or bottom) of the

cylinder before entering the detector, and the route through the side of the cylinder.

Mahnelli Samples

For Marinelli sample the beaker is divided into three parts; ring section around the

detector, a disk section directly above the detector and, a ring section around the disk.

From the ring section around the detector two gamma-rays routes are considered, one

exiting through the inner side of the sample and entering the top side of detector, and

the one entering the side of detector. The disk section directly above the detector is

considered in the same manner as the case of disk sample above. For the ring section

around the disk another two types route are considered, the route that enters the

detector through the bottom of the disk section and that entering the detector through

the ring around the detector.

2.2 Experimental Procedures

For experimental measurements, three sets of disk samples (of different thickness)

were prepared for coaxial detector and one set for cylindrical samples for well

detector. The sets were prepared by mixing and homogenising different amount of

uranium trioxide (UO3) powder and previously dried plain flour, to give a series of

samples of differing attenuation coefficients. The uranium trioxide powder contained

U-234, U-235 and U-238 at their respective natural abundance composition. These

radionuclides and their respective daughter nuclides emit a range of gamma-rays. For

the present study, the low energy gamma-rays considered were 120.91 keV from U-

234, 143.79 keV, 163.36 keV, 185.74 keV and 205.33 keV from U-235, as well as

63.29 kev from Th-234 which is the daughter of U-238.

Measurements of gamma-rays emission of the prepared samples were carried out at

the Liverpool University Environmental Radiometric Research Laboratory. The disk
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samples were measured on an ORTEC GMX-series coaxial HPGe detector while the

cylindrical samples on an ORTEC GWL-series coaxial well-type detector, whose

dimensions are given in Table 1 and Table 2 respectively.

Mass attenuation coefficients for each sample at each photon energy were calculated

using the equation

um (mu + mF)= Humu + nFmF (2)

where n^ and mF are mass of UO3 and flour respectively, and u^ and Up are mass

attenuation coefficients of UO3 and flour (assumed to take the elemental composition

of mannose, C6H12O6, and are taken from tables by Hubbel (1982).

The experimental self-absorption correction factor of each energy for every sample,

fexp, was determined using the procedures described in Appleby et al. (1992).

3.0 RESULTS

Disk Samples

The average gamma-rays path length simulated in three disk samples (sample 1, 2 and

3) used in the present study is shown in Table 1 . For comparison, results for three

geometries studied by Hasse et al. (1993a, 1993b) is also shown (sample HI, H2 and

H3). The results of the present simulations showed a reasonably good agreement to

those by Hasse et. al (1993a and 1993b).

Figure 2 shows the self-absorption correction factors obtained by the present

simulations (o) and by experiments (A) for the three sample-detector arrangements

mentioned in Table 1, plotted logarithmically against the corresponding ump.

Exponential fittings (thick line for the simulations and thin line for experimental

results) shows that for the range of values of ump considered, the points had a good

approximate to exponential relation. Comparing the two curves shows average
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deviations of around 5% throughout the range of ump studied, but generally at higher

values of ump the simulation results are lower than those obtained experimentally.

A comparison was also carried out with the results obtained from a simple

mathematical model of self-absorption in disk sample (Batttiston et al. 1987). The

model was formulated with the assumption that the photons were traversing the

sample parallel to the axis of the disk, and emitted perpendicular to the bottom surface

before reaching the detector. For a disk sample of mass m and cross-sectional area A,

the transmission fraction (or the self-absorption correction factor) is mathematically

modelled as

/ E ) m = (1 - exp{-umm/A})/(^mm/A). (2)

In Figure 2, the self-absorption correction by the model is represented by the cross

points (*), and fitted with dotted lines. The general trends of the three sample heights

indicated that the mathematical model tends to gives higher values compared to those

obtained by the simulations.

The gradients of the corresponding graphs in Figure 2 give the estimated average path

lengths by experiments, Xexp, and mathematical model XM. The values for the three

sample-detector arrangements is given in Table 1.

Cylindrical Samples

For the simulation, a 0.426 cm radius cylindrical sample container with a 4.0 cm full

filling height was considered. Table 2 shows the simulated average path lengths of

gamma photons for five different filling height. The well-type Ge detector crystal

dimension is also shown.

In Figure 3 the simulated self-absorption correction factors for full-filling height

sample is plotted logarithmically against |amp (o). The corresponding experimental

results are also plotted (A) on the same graph. The exponential fittings (thick line for

the simulations and thin line for experimental ) on the points indicate that for the
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present range of (imp, the points had a good approximate to exponential relation. A

very good agreement between the two methods is observed at famp less than 0.5 cm .

Although the general trend in the figure indicated that the simulation results are lower

than those obtained experimentally, the average deviation of less than about 5% is

maintained throughout the range of |xmp studied. Experimental value of average path

length for sample #5 obtained from the graph is given in Table 2.

Marinelli Samples

Simulations were carried out on six different marinelli beakers and detector

dimensions as shown in Table 3. Beakers #1 and #2 were used by Hasse et al. (1993b)

in their simulations, while beaker #4, #5 and #6 were used by Debertin and Ren

(1989) in their mathematical model for self-absorption in marinelli beaker. Beaker #3

was used for study in our laboratory.

Table 3 also shows the simulated path lengths together with those by other authors for

the six marinelli beakers mentioned earlier. The values of XD were calculated by

assuming that the absorption factor takes the form of exp(-{^mp}XD), where ^m is the

mass absorption coefficient of the gamma-ray and p is the mass density of the sample.

It can be seen that the simulated results agreed very well with those by Hasse et al.

(1993b), and Debertin and Ren (1989). The values of XM in the table are the results

obtained using a simple mathematical model in which the self-absorption correction

factor takes the form of exp(-A:p.mm), where k is a geometrical factor which depends on

the dimensions of the beaker (Appleby, in preparation). Except for beaker #1, there is

quite a good agreement between the results of the mathematical model with the

present simulations and those by Hasse et al. (1993b). The experimental value, Xexp, is

taken from Appleby (in preparation).

Figure 4 compares the self-absorption correction factors from the present simulations

(o) to those calculated by Debertin and Ren (1989) (A), for beakers #4, #5 and #6. A

very good agreement is observed in beakers #5 and #6. Again, for the range of ^mp

considered, the points show good exponential fittings (thick line for the present study,

228



thin line for model by Debertin and Ren (1989)). The trend of deviations of within 5%

is still observed in beaker #4.

4.0 DISCUSSIONS

The general trends for disk and cylinder samples that show lower values obtained by

the simulations as compared to those by experiments could be attributed to one main

reason. As can be seen from the graphs, the lesser number of data points at higher ^imp

values tend to average the experimental lines to the higher side. However, this is

inevitable due to the nature of the radionuclides used in the experiments, which emit a

limited number of relatively low energy gamma photons (which correspond to high

values of jj.m).

Despite the general observation mentioned above, comparison of the present

simulation results to those obtained experimentally for the range of energy studied

(Figure 2 and Figure 3), shows an agreement of within around within 5% for disk and

cylindrical samples. For Marinelli sample a good agreement of within 5% is also

observed with the results of other authors, as can be seen in Figure 4. These indicate

that the present simple Monte Carlo simulations give reasonably correct results for the

determination of the average gamma-rays path length and self-absorption correction

of various sample-detector arrangements.

The same trend of good agreement is also observed with the results of simple

mathematical model (Figure 2). Judging from the good agreement of the present

simulations to those by other authors, the deviation observed in Beaker #1 of Table 3

could be originated from the failure of the simple mathematical model on that

particular sample-detector arrangement.

The simple simulations described in this study have been shown to yield accurate

values of the average gamma-ray path lengths and self-absorption correction factors

for different sample-detector counting geometries. However one difficulty that might
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introduce error in the simulation that originates from inaccurate knowledge of the

detector crystal dimensions must be highlighted. This is because, most of the times we

relied on the manufacturer's specifications for the crystal dimensions. Study on the

simulations shows that a 1.0 mm difference in the crystal radius and distance between

the sample and detector would results in about 3% change in the average simulated

path length, which in turn could introduce about 1% change in self-absorption

correction factor.

5.0 CONCLUSIONS

Besides the accuracy of the present simple Monte Carlo simulations, it also has other

advantages such as faster and simpler, and can be run on a personal computer.

Moreover, the simulations of the path lengths and the determination of the self-

absorption correction factors need to use only readily available data.
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APPENDIX 1

SELF-ABSORPTION CORRECTION FACTOR OF DISK SAMPLE

Disk radius (cm) = 2.2500000 Disk thickness (cm) = 1.6000000
Det. radius (cm) = 2.7149999 Det. height (cm) = 6.8200002
Distance (cm) =0.8000000 Number of gamma-rays simulated = 50000
Energy (kev) = 1.6338000E+02 Mass atten coeff. (cm2/g) = 0.1720000
Sample density(g/cm3) = 0.8354000

i P.Length(cm) Corr. Factor
1
2
3
4
5
6
7
8
9
1C

0.9052058
0.9102317
0.9081732
0.9046248
0.9040750
0.8996805
0.9075848
0.9082530
0.9088103
1 0.9057919

0.8809824
0.8803524
0.8805429
0.8810261
0.8811219
0.8816111
0.8806633
0.8805712
0.8805272
0.8808888

Ave.: 0.9062632 0.8808287

SELF-ABSORPTION CORRECTION FACTOR IN CYLINDER SAMPLE

Radius (cm): 0.4260000 Height (cm): 4.0000000 No. of gamma: 50000
Well depth (cm): 4.2500000 radius: 0.7500000 Dist.: 0.2500000
Energy(kev) : 1.2091000E+02 mu (cm2/g): 0.4772000
Density (g/cm3) :0.9980000

i
1
2
3
4
5
6
7
8
9
10

Av

P.length (cm)
0.6451707
0.6439569
0.6477239
0.6449517
0 .6495087
0.6518307
0 .6433972
0.6465966
0.6470199
0.6476257

e. : 0 .6467782

Corr. factor
0.7580577
0.7582397
0.7572219
0.7579281
0.7565445
0.7557651
0.7584587
0.7575712
0.7570336
0.7573575
0.7574178

SELF-ABSORPTION CORRECTION FACTOR IN MARINELLI SAMPLE

Outer radius (cm) = 7.6900001 Inner radius (cm)= 6.1700001
Outer height (cm) = 11.7100000 Inner height (cm) = 9.8299999
Number of gamma-rays simulated = 100000
Detector's radius = 2.1500001 Height = 4.6500001 Distance = 0.8000000
Energy (kev)= 1.OOOOOOOE+02 mu (cm2/g)= 0.1682000
Density (g/cm3)=1.6000000

i P.lemgth (cm)
1
2
3
4
5
6
7
8
9
10
Ave

0.9782690
0.9998046
0.9824774
0.9900737
1.0114079
0.9709417
0.9781740
1.0095874
0.9770426
1.0067363
.: 0.9904515

Corr. Factor
0.77912472497
0.77497582464
0.77858902600
0.77677052482
0.77274782557
0.78091002413
0.77967882458
0.77381742504
0.77950362493
0.77305202538
0.7769170
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Table 1 Detectors and disk samples parameter, and gamma-rays path lengths

Parameter/Sample

Detector radius (cm)
Detector height (cm)
Distance (cm)
Sample radius (cm)
Sample thickness (cm)
Xmc (cm)
XH(cm)
Xexp (cm)
XM (cm)

1

2.715
6.82
0.8
2.25
0.30
0.207

-
0.175
0.145

2

2.715
6.82
0.8
2.25
1.10
0.669

-
0.579
0.529

3

2.715
6.82
0.8
2.25
1.60
0.906

-
0.735
0.765

HI

2.15
4.65
0.8
2.50
2.50
1.345
1.27

-
-

H2

2.15
4.65
0.8
2.50
5.00
2.294
2.21

-
-

H3

2.15
4.65
0.8
4.50
15.7
5.301
5.26

-
-

MC Simulations by Hasse et al. (1993) and Hasse et al. (1993b), Xexp from experiments, XM from
mathematical model.

Table 2 Detectors and cylinder samples parameter, and gamma-rays path lengths

Detector parameter

Detector radius (cm): 2.175 Detector Height (cm): 6.05
Distance (cm): 0.25 Well depth (cm): 4.25
Well radius (cm): 0.75

Sample

Radius (cm)
Filling height (cm)
Xmc(cm)
Xexp (cm)

1

0.426
0.1
0.111

-

2

0.426
0.5
0.303

-

0
2
0

3

.426

.0

.534
-

0
3
0

4

.246

.0

.592
-

5

0.426
4.0
0.647
0.537

Xexp from experiments.
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Table 3 Detectors and Marinelli beakers parameters, and gamma-rays path lengths

Parameter (cm)/Beaker #

Outer radius
Inner radius
Outer height
Inner height
Volume (cm3)
Detector radius
Detector height
Distance
Xmc (cm)
XH(cm)
XD (cm)
XM(cm)
Xexp (cm)

1

5.6
4.1
12.1
7.5
800
3.0
6.1
0.7
2.114
2.09

-
1.449

-

2

6.9
4.4
9.4
7.0
980
2.15
4.65
0.8
1.234
1.24

-
1.306

-

3

4.9
3.8
8.85
7.0
350
2.35
5.49
0.8
0.968

-
-

0.685
0.623

4

6.97
4.4
9.35
7.03
1000
2.15
4.65
0.8
1.214

-
1.34
1.327

-

5

7.69
6.17
11.71
9.83
1000
2.15
4.65
0.8
0.986

-
0.99
0.831

-

6

5.56
4.05
8.17
6.66
450
2.15
4.65
0.8
0.836

-
0.824
0.785

-

XH from Hasse et al (1993b), XD derived from Debertin and Ren (1989), XM by
mathematical model, Xexp from experiments (Appleby, 1997).
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Figure l l

DISK SAMPLE

Sample

hs

S : Source Point
E : Point of Emission From the Sample

Figure lb

CYLINDRICAL SAMPLE

S : Source Point
E : Point of Emission From the Sample

Figure lc

MARINELLI SAMPLE

Detector:

S: Source Point
E : Point of Emission From the Sample
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Figure 2. Self-absorption correction factors in disk samples (radius 2.25 cm) for three
different thickness. The curves shown are exponential fittings for experimental results
(thin lines), the present simulations (thick lines) and simple mathematical model
(dashed lines).

236



Cylinder Sample (height 4.0 cm)
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Figure 3. Self-absorption correction factors for cylinder sample (radius 0.426 cm,
height 4.0 cm). The curves are exponential fittings for experimental results (thin line),
and by the present simulations (thick line).
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Marinelli Beaker #4
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Figure 4. Self-absorption corrections for three marinelli beakers. The curves are
exponential fittings for results by Debertin and Ren (1989) (thin lines), and by the
present simulations (thick lines).
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Abstract

Using small-angle neutron scattering technique with appropriate contrast we have been
able to elucidate some association structures of polystyrene (PS) and triblock co-polymers
of polyethylene oxide-polystyrene- polyethylene oxide (PEO-PS-PEO) in a water-in-oil
microemulsion system.

Introduction

Polymer association in both micellar and microemulsion systems have been under active
investigations since late 1980s. The asociation structures formed the basis of
microemulsion-based gels formulation as well as ordering of glassy microemulsions (1).
In most studies, optical as well as IR and UV spectroscopies and NMR and light
scattering became to be the main tool of investigations. There had been also some studies
done using small-angle neutron scattering techniques (2, 3). In this paper we report some
of the structural investigations of the asociation structures formed by the various co-
existing phases when polystyrene (PS) and triblock co-polymers of PEO-PS-PEO were
introduced in a water-in-oil microemulsion system.

Experimental

The triblock co-polymers of PEO-PS-PEO with a total molecular weight of 127,800 with
the PEO ends contributing a molecular weight of 2000 and Mw/Mn = 1.063 was purchased
from Polymer Laboratories Ltd, Middlesex , England. Polystyrene of molecular weight
107,000 and Mw/Mn =1.01 was purchased from Toyo Soda Manufacturing Co. ( Japan).
The polystyrene molecular weight of 107,000 was the nearest that could be obtained
compared to that in the triblock co-polymer which was 125,800. The microemulsion
system used was a water-in-cylohexane with 0.1M Aerosol-OT concentration. This
anionic surfactant was purchased from Sigma. Co and used without further purification.
Deuterated water ( purchased from BDH, Poole, England) was used throughout the
experiments with no other deuterated components. The phase diagrams of the
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microemulsion phases are shown in figure la for the polymer-free system and that for the
triblocks-containing microemulsions (Copolymer/water weight ratio = 1/1.42) shown in
figure lb. The polystyrene-containing microemulsion system (PS/Water weight ratio =
1/1.42) is almost the same as the polymer-free microemulsion with a slight shift in the 2-
phase boundary towards higher temperature and the formation of a 3-phase region around
room temperatures and below. It can be seen that the triblock co-polymers subtantially
change the phase diagram of the original polymer-free microemulsion system. The
microemulsion was prepared by weighing the necessary amount of Aerosol-OT in a
Kimmax culture tube and then adding cyclohexane to dissolve the surfactant. Deuterated
water was later added and the samples shaken for several minutes. The turbid samples
were then dipped in a water bath and the number of phases determined with respect to
temperature. The phase boundaries were determined both by a cooling and heating cycles
of the sample. For the polymer-containing samples polymer ( PS or triblocks) the polymer
was added last and the whole sample was heated up to 80 degree Celsius and stirred while
cooling. Phase determination were done later by both heating and cooling the samples.
The small-angle neutron scattering experiments were done for selected samples at room
temperature, using the SANS spectrometer D16 at the Institut Laue-Langevin, Grenoble,
France. Room temperature was 22 degree Celsius. Samples were syringed out from the
culture tubes and transferred into quartz cells of 1 mm pathlengths ( Hellma cells) and left
to equilibrate to room temperature half-hour before each experiments. Two compositions
were chosen for comparison : I) 300 mg PS in 5ml 0.1M Aerosol-OT+D2O +
cyclohexane at surfactant to water molar ratio, R = [ A-OT]/[D2O] = 50 which formed
essentially a 3-phase solution (the lowest or fourth phase was only 4 percent of the total
volume of the solution) and II) 300 mg triblock co-polymers in 5ml 0.1M Aerosol-
OT+D2O + cyclohexane at surfactant to water molar ratio, R= [A-OT]/[D2O] = 80
which formed a 4-phase solution.

Results and discussions

The phase notation started from the top phase with the topmost being first and the lowest
phase being the fourth phase. SANS spectrum (Intensity (arbitrary) vs. Q) for the first ,
second and third phases for system I are shown in figures 2a, 2b and 2c. The fourth phase
volume for this solution was too little for measurement. The upper phase seems to
consists of spherical droplets with radii around 30 Angstroms. This can be compared
with the original polymer -free microemulsion which formed 2-phases at room
temperature of which the upper phase contains droplets of sizes about 44 Angstroms and
a lamellar lower phase. The second phase seems to consist of surfactant-decorated
polymers with a radius of gyration of 71 Ansgtroms ( and fractal dimension = 1.3). The
third phase (isotropic solution) seems to consist of concentrated droplets with an average
distance of 165 Angstroms determined from the peak positions at Q= 0.038 Ansgtroms"1

. The fourth phase was birefringent but too little in volume for measurement, implying
that it is probably a lamellar phase. For system II, the first, second, third and fourth phase
are shown in figures 3a,3b,3c and 3d respectively. The size of the droplets for the upper
phase solutions was found to be 45 Angstroms in radius larger than that found for system
I. This is probably due to a larger surfactant to water molar ratio but probably also to the
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amphiphilic character of the triblock co-polymers. The second phase of system II seems
to consist of surfactant-decorated polymers with a fractal dimension of 1.08 . The third
phase seems to consist of droplets with an average distance of 165 Angstroms , same as
that found for system I. The lowest phase was found to consist of droplets of radius
around 86 Angstroms larger than that found in topmost phase but probably less
concentrated than that found in the third phase. The average distance between the droplets
were found to be around 314 Ansgtroms almost twice that found in the third (top
neighbouring) phase.

Conclusions

Several conclusions can be drawn from the SANS findings on the above polymer-
containing microemulsion systems. First, the polystyrene -containing microemulsion
system seems to have an "in -between" behaviour in terms of the number and character of
its phases between the polymer-free and triblock-containing microemulsion systems.
Secondly , in the oil-rich phases, water -in-oil droplets are small coexisting with nearby
surfactant-decorated polymers whereas in the water-rich phases droplets are larger and in
the case of triblock-containing system coexist as a liquid-gas like system. Thirdly, there
seems to be no bicontinuous phases found for these system unlike that found in many
middle phases of three ( or four) -phase system which seems to suggest that entropic
contribution from long chain polymers inhibits formation of this tenous structure.
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Phase Diagram of System 0.1M AOT/Water/Cyclohexane
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a) Top : Phase diagram of the 0.1M Aerosol-OT + Water + Cyclohexane in the R =
[ A-OT]/[D2O] vs. Temperature plane.
b)Bottom : Phase diagram of the same system as above with added co-polymers in the
ratio of co-polymer: D2O = 1:1.42
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Fig.2a

SANS data for the first (topmost) phase of the system R=50 , 0.1M Aerosol-
OT/D2O/Cyclohexane with 300 mg Polystyrene ( M.W = 107,000) / 5ml.
a)Top: Fit to monodisperse spheres giving radius = 29.2 Angstroms.
b)Bottom: Guinier plot, giving radius of gyration = 25.9 Angstroms equivalent to sphere
radius of 33.4 Ansgtroms.
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SANS data for the second phase of the system R=50 , 0.1M Aerosol-OT / D2O /
Cyclohexane with 300 mg Polystyrene (M.W = 107,000)/ 5ml.
a) Top: Guinier plot giving radius of gyration = 70.7 Angstroms.
b) Bottom: Log-log plot giving a gradient or fractal dimension = 1.3
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Cyclohexane with 300 mg Polystyrene (M.W = 107,000)/ 5ml showing a peak at Q =
0.038 Angstroms'1.
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D2O/Cyclohexane with 300 mg PEO-PS-PEO/5 ml.
a) Top: Fit to monodisperse spheres giving radius = 44.9 Angstroms.
b) Bottom: Guinier plot , giving radius of gyration = 31.8 Angstroms and equivalent

sphere radius = 41.1 Angstroms.
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SANS log-log plot for the second phase of the system R=80 , 0.1M Aerosol-017
D2O/Cyclohexane with 300 mg PEO-PS-PEO/5 ml giving a slope or fractal dimension =
1.08.
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Fig. 3c

SANS intensity plot for the third phase of the system R=80 , 0.1M Aerosol-OT/
D2O/Cyclohexane with 300 mg PEO-PS-PEO/5 ml showing a peak at Q = 0.038
Angstroms"'.
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Fig.3d

SANS data for the fourth phase of the system R=80 , 0.1M Aerosol-OT/
D2O/Cyclohexane with 300 mg PEO-PS-PEO/5 ml.
a) Top: Fit to monodisperse spheres giving radius = 85.6 Angstroms.
b) Middle: Log-log plot showing a shoulder at Q = 0.02 Angstroms"1.
c) Bottom;. Guinier plot , giving radius of gyration = 75.5 Angstroms or sphere radius

=97.4 Angstroms.

248



MY9800985

IN SITU STABILIZATION OF MIXED
RADIOACTIVE WASTE STORAGE TANKS AND

CONTAMINATED SOIL AREAS

Gretchen E. Matthern
Richard H. Meservey

For Presentation at the
INTERNATIONAL NUCLEAR CONFERENCE INC '97

October 20-21, 1997
Kuala Lumpur, Malaysia

249



INTRODUCTION

The many years our nation spent in various military and defense activities has left a Cold War
legacy of complex environmental problems. Almost as much effort has gone into developing
advanced technologies to deal with these problems as was expended to cause the problems in the
first place. The result has been that many environmental cleanup problems involve complex and
costly solutions. The overall expense of these cleanup efforts has in many cases actually delayed
or prevented cleanup actions from occurring. For this reason it is important to look for less
expensive, practical, and effective solutions wherever possible.

Two problems which historically have involved expensive solutions mixed radioactive waste
storage tanks and subsurface soil areas which contain contamination and debris. Baseline
technologies for dealing with these problems have typically involved excavation and treatment of
the contaminated materials. These are expensive, difficult, and often relatively ineffective
solutions to these problems.

For these reasons scientists at the Idaho National Engineering and Environmental Laboratory
(INEEL) have investigated alternative solutions to the waste tank and contaminated subsurface
soil problems. These studies led to the conclusion that existing technologies can be used for in
situ stabilization of these contaminated items at much lower cost than conventional excavation
and treatment processes. This can be done with improved safety for the workers and the
environment.

This paper will discuss testing that has been done at the INEEL on both underground waste tank
and subsurface soil area in situ stabilization technologies.

MIXED RADIOACTIVE WASTE TANK STABILIZATION

Problem.
Most nuclear facilities generate some type of liquid wastes. These typically contain a variety or
radioactive isotopes but usually also contain a variety of chemicals, heavy metals, organic, and
even PCB's. These latter materials, when combined with the radioactive components, result in the
tank contents being declared a mixed radioactive waste. From a regulatory standpoint these
mixed waste materials are much more difficult to handle, treat, and dispose of than are purely low
level radioactive wastes. This always complicates, and sometimes even prevents the removal and
disposal of these tank contents.

This situation is often further complicated by the fact that these tanks are often buried
underground in difficult to access places. They are usually old and of unknown, but highly
suspect, integrity. They almost always contain "surprises" in contents, location, structure, or
accessability. The unknown nature of these tanks and their contents make them very difficult to
handle in conventional ways. These tanks are sometimes located in places, such as beneath
operating facilities, or within previously stabilized areas, where it is not practical to remove them
at the current time.

250



However, it is also usually not acceptable to ignore them or put off dealing with these tanks and
their contents. To continue to ignore them often results in eventual leaks and thus even greater
problems. Until a final solution can be found and agreed on these tanks should be stabilized so
that environmental problems do not result.

Solution.
A collection of proven technologies is available to deal with these types of mixed radioactive
waste storage tanks. The selection and use of the proper technologies will permit inspection,
characterization, stabilization, and monitoring of such difficult to deal with tanks. By properly
selecting the proper available technologies the contents of these tanks can be characterized and
stabilized in place to prevent the potential of leaks and other environmental problems. The tank
and its contents can then usually be removed intact if desired, or it can be left indefinitely without
further concern about it leaking or of contamination spread. In situ stabilization of the contents of
these tanks is much less expensive than conventional pump and treat approaches. This is
especially true when the contents are subject to regulatory restrictions which make them
essentially impossible to deal with in conventional ways.

INEEL Tank V9:
An example of the types of problems which can be encountered with these mixed radioactive
waste storage tanks is demonstrated by the V9 Tank at the INEEL. This 400 gallon tank is nearly
full of a highly contaminated sludge/liquid mixture containing a wide variety of radioactive
isotopes, heavy metals, organics, and PCB's. The only practical access to the tank is through a six
inch diameter pipe which penetrates the top center of the tank. The top of the tank is located
approximately seven feet below grade in an area of radioactively contaminated soil and other
highly contaminated waste tanks. The tank is 44 years old and of unknown integrity. It had not
been completely isolated from other liquid waste transfer lines in the area. In addition to the
liquid and sludge, the tank contains various types of debris including rocks, tree leaves, paper, and
wire or metal sheathed cable. Because there are many regulatory issues associated with this tank
and the surrounding area removal or treatment of the tank contents may take a considerable
amount of time. Because of the age and unknown integrity of the tank it is desirable to stabilize
its contents while awaiting a decision on its final disposition. A schematic diagram of the V9
Tank is shown in Figure 1.

A program was thus developed to perform an in situ stabilization of the V9 Tank contents. This
program involved isolating the tank from other systems, inspecting it, characterizing its contents,
selecting an appropriate stabilization material and technique, and then performing the actual
stabilization of the V9 tank. As part of this program it was planned to demonstrate the
performance of the set of technologies used on a full sized mockup of the V9 Tank. These
demonstration or mockup tests were performed using non contaminated materials in a "cold" or
non contaminated area designated for this type of testing. These demonstration tests were
conducted in the INEEL Cold Test Pit (CTP).

Cold Test Pit Demonstrations:
Following inspection by remote video camera, and characterization by making direct radiation
field readings and by collecting samples for laboratory analysis, a V9 Tank mockup was designed.
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Actual V9 Tank drawings were used to construct a mockup tank (including its chordal baffle) of
the same size and shape as the original. Laboratory testing was conducted to simulate the
sludge/water mixture, and provisions were made to install the mockup tanks at a seven foot depth
in the INEEL CTP. Five mockup tanks were fabricated to accommodate a range of test
conditions and stabilization materials. The mockup tank experiment including the stirring
mechanism is depicted in Figure 2.

Laboratory tests were conducted to help with the selection of an appropriate stabilization or
solidification agent. A mixture of the commercial solidification material Aquaset IIH and Portland
cement was selected as an appropriate agent for use with the V9 Tank wastes. Tests were
conducted using only Aquaset IIH and with Aquaset IIH/Portland Cement mixtures ranging up to
approximately equal parts of the two materials. Small amounts of Cerium were added to the tank
to serve as a tracer material to be used in evaluating the extent of mixing in various parts of the
tank.

Laboratory and mockup field tests were also conducted to determine the most suitable mixing
process to be used to introduce the stabilization materials to the tank. For this particular tank
geometry it was determined that a stirring mechanism consisting of a variable speed motor driven
shaft having straight impellers or blades was the most economical and efficient mixing mechanism.
Stirring action can be seen in Figure 3 which is a photograph of the top of the contents of a

mockup tank during one of the demonstration tests.

Following the appropriate laboratory tests, field preparations, safety and operations
documentation preparation, and personnel training a series of four mockup tests were conducted
at the CTP. These tests were conducted using various Aquaset-to-cement ration, stirring speeds
and times, etc. At the conclusion of the stirring operations Thermistors were inserted at various
locations within the mixed material and their output monitored to observe curing time. After the
temperatures had stabilized indicating completion of curing the tank was removed from the test
pit and allowed to continue curing above ground for a few days. The top of a stabilized mockup
tank showing the Thermistor leads is shown in Figure 4. Cores were then obtained from various
locations within the stabilized tank material. These were then analyzed for strength and r-rium
tracer distribution in a laboratory. Typical cores obtained from the stabilized tank material a.e
shown in Figure 5.

Several conclusions can be drawn from the results of these mockup tests.

(1) The concept of tank mixing, coupled with dry feed addition, is an effective technology in
stabilizing the contents of small tanks such as this. Thorough and complete mixing was
attained, even behind the large chordal baffle which this tank contained.

(2) Thermistor data is of little value in monitoring mixing variations (because mixing was very
uniform), but is useful in indicating when curing of the mixed material is complete.

(3) Although stabilization of the tank contents using only Aquaset IIH produced adequate
solidification compressive strength tests of the core samples was relatively weak. The
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addition of increasing amounts of Portland cement significantly increased the strength of
the core samples. Portland cement in amounts approaching 50% provides an much more
solid stabilized material.

(4) A stirring shaft guide and at least five impellers are necessary to effect complete and
efficient mixing in tanks such as these. A photograph of the stirring shaft used in these
tests is shown in Figure 6.

(5) Adequate technology exists to remotely inspect, characterize, and stabilize a variety of
underground mixed waste storage tanks. This can be done at much less expense, in a safer
manner, and in less time than is required for conventional removal and treatment
technologies require. Stabilization of these materials represents a suitable alternative to
conventional processes

CONTAMINATED SUBSURFACE SOIL AREAS

Problem.
Many contaminated subsurface soil areas exist throughout the country. These areas became
contaminated in many ways and with a wide variety of contaminants. Within the US Department
of Energy complex many of these areas are contaminated with radioactive isotopes. In some
cases only the soil is contaminated, while in others structures, equipment and debris of all sorts
have also been buried in the areas thus creating further problems. Organics, chemicals, and heavy
metals are often also included in the contamination making the area a mixed radioactive waste
site. Conventional methods of dealing with these subsurface contaminated sites, i.e. retrieve and
treat, is often very difficult and not practical based on the nature of the contaminants or the
location of the contaminated site.

Left untreated however these sites can create a number of problems. These include subsidence,
migration of contaminants, airborne contamination when retrieval is attempted, and public
perception problems if nothing is done with the site. Solutions to all of these problems are
available through
innovative in situ stabilization technologies.

Solution:
Investigation of innovative in situ stabilization technologies for use at subsurface contamination
sites have been investigated at the INEEL for the past several years. Tests have been conducted
in various simulated burial sites and a variety of in situ stabilization techniques and materials have
been tested. The results of these tests have been reported in a final report for the project
(Reference 1). Experience gained at these simulated waste sites at the INEEL CTP, indicate that
the process is ideally suited for actual waste disposal areas at the INEEL. High pressure jet
grouting could be used to stabilize waste sites thus eliminating the possibility of subsidence
occurring later or migration of the contaminants from the site. If at a later time a decision is made
to retrieve the stabilized material airborne
contamination problems would be minimized.
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INEEL Acid Pit:
This waste disposal area is located within the INEEL Radioactive Waste Management Complex
and was used for the disposal of radioactively contaminated acidic type wastes. Although no solid
wastes are known to have been disposed in the pit, record searches indicate that it did receive
liquids which included carbon tetrachloride, organic solvents (trichloroethylene, trichloroethane,
and tetrachloroethylene), and radiologically contaminated acids. The Acid Pit is surrounded by
other inactive, covered pits, and soil vaults. Lime was applied periodically to neutralize the acids
disposed in the pit. The Acid Pit was closed in the early 1970's and a three foot layer of soil was
placed over it. The Acid Pit covers approximately 20,490 ft2 (197-ft x 104-ft), and is about 20 ft
deep.

The intent is to use injection grouting equipment to stabilize the contaminated soil in the Acid Pit.
A grid pattern using staggered 19 inch spacings will be used to determine bore hole placement for

the injection grouting stem. The entire Acid Pit area will be grouted in effect making it into a
solid grouted monolith.

Cold Test Pit Demonstrations:
As was the case for the tank stabilization work described above, mockup tests will be performed
at the CTP prior to applying the technology at the Acid Pit. This will allow the development of
the final equipment and procedures, and serve as a demonstration of the integrated technologies
and procedures prior to performing these operations on an actual contaminated site. The
equipment has been designed and procured, all documentation prepared, and a preparedness
review conducted in preparation for performing the demonstration at the CTP.

Following a successful demonstration of the technology and equipment at the CTP, the injection
grouting equipment will be moved to the Acid Pit and the stabilization process repeated there.
Based on experience gained in previous work of this type (see Reference 1), it is fully expected
that both the CTP demonstration tests and the actual Acid Pit stabilization will go well. This will
result in a much less expensive solution to the problem of subsurface contaminated soil areas than
has been previously used.

CONCLUSIONS

Underground tanks and other structures, and subsurface contaminated soil areas can be stabilized
using existing technologies at much less expense than by the use of conventional retrieve and treat
techniques. This is much safer for the workers, and much less time is required to stabilize the
waste. The process represents a safe, cost effective solution to these problems.
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ABSTRACT

A back scattering geometry using an annular Am-241 source and a HPGe detector has
been set up to study both the coherent and incoherent scatterings of photon emissions of
Am-241 from medium-Z and high-Z elements. Besides the coherent and incoherent
scattered peaks of the emissions from the source, the gamma ray spectrum from the
different target elements obtained using a microcomputer based multichannel analyser
showed the presence of several other peaks. These peaks have been identified to arise
from the fluorescence of the targets, the fluorescence of the shielding material Pb, and
also as fluorescence sum peaks and X-ray escape peaks of the detector material Ge. The
spectra are presented for three target elements viz. Mo, Zn and W.

INTRODUCTION

Earlier studies in our laboratory on scattering of gamma photons have been focused on

scattering by medium and high Z elements over the angular range of 5-25° for moderate

energy photons from 203Hg and 137Cs [1-3]. However, less extensive data are available for

medium and low Z elements, especially at photon energies of a few tens of keV or less,

and at large scattering angles. To address this situation, a back-scattering geometry using

an annular 241Am source and a high purity germanium detector has been set up to study

both coherent and incoherent scatterings.

The objective of the experimental set-up is to obtain new results for photon scattering

from a number of low, medium and high Z elements having their K-edges close to the

exciting photon energies 13.9, 17.8, 26.4 and 59.5 keV emitted by 241Am. A preliminary

study for the medium-Z elements, Mo, Nb and Zr has already been reported [4].

However, there exists some problems in resolving and identifying several other peaks in

the gamma-ray spectrum obtained besides the coherent and incoherent scattered peaks of

the emissions from the source. In the present study the various peaks are identified so

that appropriate corrections could be made to the intensities of the scattered peaks with

which they may overlap.
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EXPERIMENTAL

The basic experimental arrangement is shown in Fig. 1. Measurements were carried out

using an annular 241Am source of activity 3.7 x 109 Bq (Amersham International). A high

purity germanium detector of 3 mm thickness and 10 mm active diameter (EG & G

ORTEC) was used throughout the investigation. For this particular detector, its FWHM

was about 450 eV for the 59.5 keV peak.

Metal foils (Aldrich Chemical Company) of better than 99.9% purity were used as targets.

The thickness of these foils ranged from 0.1-0.25 mm. The gamma ray spectra from the

target elements were collected for 2000 s counting time using a microcomputer based

multichannel analyser (EG & G ORTEC) and peak analysis was carried out with the Peak

Fit V.4 programme (Jandel). The data are presented for only three target elements viz.

Zn (Z = 30), Mo (Z = 42) and W (Z = 74) since they are representative of the group of 11

elements under study. In the peak fitting analysis, the number of known and assigned

peaks, their centres and widths were specified and the programme then performed the

final fitting of the data. The errors were due to the most part to the counting statistics.

The residuals of the fit were insignificant and did not reveal the existence of possible

hidden peaks.

RESULTS AND DISCUSSION

The spectrum of the photon emissions from the 241Am source directly into the detector is

shown in Fig. 2, and the spectra of the back scattered photons from the three different

elements Zn, Mo and W are presented in Fig. 3, 4 and 5 respectively. To reduce the

cluttering of the spectra, each of the figures is divided into three energy regions viz.

0-12 keV, 10-30 keV and 30-60 keV. The various peak energies and their assignments

are listed in Table 1. Uncertainty in the energy calibration is ±0.05 keV. The identified

X-ray and y-ray peaks follow the listing by Browne and Firestone [5]. In addition to the

Compton scattered peaks, we have also identified the other noticeable peaks in each of

the specific spectra. A few peaks which are of very low intensity are however not

included in Table 1.
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(a) Direct 241Am source

The direct 241Am spectrum shows several other minor peaks besides the usual intense

gamma peaks (59.5 and 26.3 keV) and a number of characteristic L X-rays from Np

(20.7, 17.7, 16.9 and 13.9 keV). Some of the minor peaks are ascribed to the other

weaker characteristic X-rays from Np and also to Am itself. Some other minor peaks

particularly at the low energy region correspond to the escape of characteristic Ka

(9.87 keV) and KP (L 1.0 keV) X-rays of germanium. The X-ray escape peaks are more

prominent for low energy incident photons and also for small detectors with large surface-

to-volume ratio.

(b) Back-scattering from Zn

The back-scattered photon spectrum from Zn shows some new features different from the
241Am source spectrum. Compton scattered peaks appear alongside the major coherent

scattered peaks. Intense Ka (8.67 keV) and KP (9.61 keV) X-ray florescence peaks of

the target material also appear in the low energy region.

(c) Back-scattering from Mo

As expected for higher Z material and low energy photons, the Compton scattered peak

intensity compared with the coherent peak is reduced. The Ka and K(3 X-ray

fluorescence peaks at 17.4 keV and 19.6 keV respectively are extremely intense such that

the Np L X-rays could not be resolved. Furthermore, arising from this high intensity, two

other types of peaks are observed. Two sum peaks, one due Kai + Ka2 and the other

due to Ka + KP are observed at 34.6 keV and 36.9 respectively. A set of four Ge escape

peaks is present in the energy region of 6-10 keV.

(d) Back-scattering from W

In this case of high Z target material, several of the L X-ray fluorescence peaks are

observed, the most intense peaks being the La (8.39 keV) and LP (9.66 and 9.92 keV)

peaks. Since these intense fluorescence peaks do not overlap generally with the other

peaks, many of the peaks observed in the spectrum for Zn are also present here.
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CONCLUSIONS

The complex back-scattered photon spectra from metal targets could be generally

resolved using an efficient peak fitting program. The peak intensities which are resolved

could then be determined with a higher certainty. Such a peak-fitting analysis is necessary

particularly for the study of photon scattering cross-sections.
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Table 1: Photon peak energies and assignments.

Peak Energy
(keV)

241

2.88

4.04

6.94

7.85

11.8

13.9

14.6

16.9

17.7

18.8

20.7

21.3

26.3

33.2

49.5

58.6

59.5

Assignment

Am Source

Ge escape from 13.9

Ge escape from 13.9

Ge escape from 17.8

Ge escape from 17.8

N p U

NpLa

Am La

NpLp2

NpLp,

AmLPi

NpLyi

Np Ly3, Ly6

Amy

Amy

Ge escape from 59.5

WKa

Amy

Peak Energy
(keV)

Assignment

Back-scattering from Zn

8.67

9.61

12.6

13.3

14.0

14.7

16.1

16.7

17.0

17.8

20.8

21.4

24.2

26.3

49.1

59.5

ZnKa

ZnKp

PbLp

Compton of 14.0

NpLa

Am La

Compton of 17.0

Compton of 17.8

NpLp2

NpLp,

NpLyj

Np Ly3, Ly6

Compton of 26.3

Am y

Compton of 59.5

Am y
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Table 1 ... contd.

Peak Energy
(keV)

Assignment

Back-scattering from Mo

2.78

4.13

6.50

7.61

8.65

9.75

10.6

12.6

13.9

14.6

17.4

19.6

26.3

34.6

36.9

49.2

59.5

Ge escape from 12.6

Ge escape from 13.9

Ge escape from 17.4

Ge escape from 17.4

Ge escape from 19.6

Ge escape from 19.6

PbLa

PbLp

NpLa

Am La

MoKa

MoKp

Amy

Mo Kai + Ka2

Mo Ka + Kp

Compton of 59.5

Amy

Peak Energy
(keV)

Assignment

Back-scattering from W

1.47

1.77

7.44

8.39

9.66

9.92

11.3

11.6

12.6

14.0

14.6

16.1

16.9

17.8

18.8

20.8

21.4

26.3

49.2

57.9

59.5

Ge escape from 11.3

Ge escape from 11.6

WU

WLa

WLP!

WLp2

WLy,

W LY2.3.6

PbLp

NpLa

Am La

Comptom of 17.0

NpLp2

NpLp!

AmLp!

NpLy

Np Ly

Am y

Compton of 59.5

WKa2

Amy
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Abstract

The use of electron spin resonance (ESR) spectroscopy to assess the absorbed

dose to radiation-processed food containing bone is examined. The exposure of

foodstuffs containing bone to a dose of ionizing radiation results in the formation of

long lived free radicals that give rise to characteristic ESR signals in the bone. The

yield of radicals was found to be proportional to absorbed dose. Additive re-

irradiation of previously irradiated bone was used to estimate the original absorbed

dose in the irradiated chicken bone. Simple non-linear rational equation was found to

fit to the data and provide a good estimate of the initial dose in the range (1.0 - 4.9

kGy ). Decay of the ESR signal intensity was monitored at a dose of 3.0 kGy up to

100 days. The absorbed dose in irradiated chicken (2.0 kGy) was assessed at 2, 6,

and 12 days after irradiation. Relatively good results were obtained when

measurements were made within the following days (up to 12 days) after irradiation.

These data as well as the ability of the dose additive method to provide accurate dose

assessments are presented.
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Introduction

Ionizing radiations is used to reduce food losses and improve safety,

wholesomeness, and nutritional quality of food products. Distinguishing irradiated

from unirradiated food is a concern of consumers and regulatory officials ( 1 , 2 ) .

Physical , chemical, and biological tests are being developed to routinely monitor and

regulate trade of irradiated food. Also, it is important to verify quantitatively

unspecified radiation doses to food, where the legal permissible dose to food may vary

from one country to another ( 3 ). For meats containing bone , reliable dosimetry

method has been reported using electron spin resonance (ESR) spectroscopy ( 4 ) .

The ESR method is based on the measurement of long-lived free radicals produced in

bones as a result of irradiation. Additive re-irradiation of a bone sample generates a

dose response which is used to estimate the initial dose. Different mathematical

expressions such as linear or polynomial and exponential functions were used to

describe the ESR response to the absorbed dose in bone. It was found that the

exponential fit to the data provides improved accuracy of the estimated dose ( 5 ).

In the present study, the use of the exponential equation and another equation

( Non linear- rational equation ) to estimate the absorbed dose for previously

irradiated chicken bones are evaluated. Post-irradiation stability of the radiation-

induced free radicals in bone and effect of time after irradiation on the estimated dose

were also investigated.
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Experimental

Preparation of bone fragments

Chicken bones from local markets were scraped of excess meat, fractured to

expose the marrow, dried over silica gel in a vacuum oven at room temperature and

left for one week before irradiation. Bone fragments were cut to a height sufficient to

fill the height of the microwave resonator (approximately 3.0 cm length).

Irradiation

Irradiations were carried out in the °Co gammacell 220. The absorbed dose

rate was measured to be 12.7 kGy/h using Fricke dosimetry ( 6 ) . All the dose values

given are expressed in terms of absorbed dose in water.

ESR measurements

ESR spectra were performed with JEOL TE3 00 X-band ESR spectrometer,

interfaced with computer data acquisition and analysis system, with the following

settings: modulation amplitude 0.2 mT, microwave frequency 9.4 GHz and

microwave power 12.5 mW. The values of the time constant and sweep rate were

chosen to give an ESR signal with peak to peak line width of approximately 0.4 mT.

Stability of the ESR spectrometer sensitivities was checked periodically using several

alanine dosimeters irradiated to known doses. The peak-to-peak heights of the first

derivative ESR spectra of irradiated bones were measured at room temperature.

Positioning of the bone fragments was fixed always in the same direction in the

cavity. The dose responses of bone were calculated from the measured peak-to-peak

height per unit weight of bone, normalized to the gain of the ESR spectrometer. A

computer software (Table curve, 2D, Jandel Scientific Co.) was used to fit the data.
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Upon exposure to ionizing radiation, free radicals are produced in mineralized

bone tissue and can be detected by ESR. The ESR signal of irradiated chicken bone is

spectroscopically distinguishable from the unirradiated bone ESR signal. The ESR

spectral features of irradiated and unirradiated chicken bones were previously

discussed (7,8) .

Results and Discussion

Reproducibility of the ESR measurements

The reproducibility of the ESR measurements of irradiated chicken bone was

studied by removing and reinserting one bone fragment irradiated to 2 kGy in the ESR

cavity in arbitrary orientation and ESR signal amplitude was measured 50 times. The

results indicate a measurement uncertainty of 4.6 % (2a). When the sample was left

in the ESR cavity between measurements (50 times) the uncertainty was found to be

0.9 % (2a).

ESR response and fitting analysis

It was demonstrated previously ( 9 ) that the ESR response of irradiated bone

tissue can be described by an exponential function, namely,

SD = Soo [l-exp(-(D0 + D^)/D37)] (1)

Where, SD is the ESR signal intensity at the added dose D", Soo is the saturation value,

and D37 is the reciprocal of the dose at 63 percent of the saturation value. Doisthe

original (unknown) radiation absorbed dose.
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Another simple non-linear rational equation ( 2 ) was used here and found to

correlate well with the data, although the saturation characteristics of this equation

are not specified :

SD = a + c D / l + b D ( 2 )

Where, So is the ESR signal intensity at the added dose D and a, b and c are constants.

To test the accuracy of the dose additive method in order to assess the initial

dose for bones, forty bone fragments were prepared and grouped into 4 sets (10 bones

for each set) and irradiated to four doses: 1,2, 3 and 4.9 kGy. The signal amplitude

for each bone was measured immediately after irradiation and the bones were then re-

irradiated with a series of additive doses ( up to 70 kGy ). The ESR spectra of

irradiated bones were recorded at each dose, with measurement of signal amplitude

for each bone, and both exponential and rational functions were applied to the data.

Actual dose +4.9 kGy Estimated dose = 5.0 kGy
y=a(a-exp(-(c+x)/b))

1-2=0.99975434 DF Adj r2=0.99966222 FitStdErr=1.2580506 Fstat=18313.87
a=531.27671 b=4.9952078 _

c=24.421095 ^
1
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Fig. 1 Relationship between ESR signal amplitude / amplification and added
absorbed dose (kGy), for irradiated chicken bone ( 4.9 kGy ). ( The curve is a
computer generated fit using equation (1 ). Lines around the fitted curve represent the
95% confidence intervals).
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Actual dose =4.9 kGy Estimated dose = 4.85 kGy
y=(a+cx)/(1 +bx) [NL]

r2=0.99977713 DF Adj 1-2=0.99969356 FitStdErr=1.1982745 Fstat=20187.086
a=97.829137 b=0.024820322

c=20.606167
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Fig. 2 Relationship between ESR signal amplitude / amplification and added
absorbed dose (kGy), for irradiated chicken bone (4.9 kGy). (The curve is a
computer generated fit using equation ( 2 ). Lines around the fitted curve
represent the 95% confidence intervals).

Figures 1 and 2 show the obtained responses of an irradiated bone fragment (

4.9 kGy ) with the respective fits, 95 % confidence bands (lines around the curve ),

and residuals for equations 1 and 2, respectively. It can be observed that the 95 %

confidence bands are very tight and are very close to the actual fitted curve, even in

the region of extrapolation for both equations. The goodness of fit is evaluated by

several parameters that are obtained as a part of the fitting process. Two of such

parameters are the correlation coefficient, r2 , and F-statistic. It can be seen that the

correlation coefficient is almost the same for both equations, while F-statistic value

for equation ( 2 ) is higher than that for equation ( 1 ) , which indicates that relatively

better fit to the data could be obtained by using equation ( 2 ) . Also, it can be observed
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that the obtained small percentage differences ( residuals % ) between the actual

values of signal height and those predicted by the curves indicate a good fit for both

equations. The initial doses (unknown) for all bone fragments were determined by

back-extrapolation of the response curves to the negative dose axis (abscissa) (see

Figs.l and 2 ). The dose estimates and the associated uncertainty (at 95 % confidence

limit) at each dose provided by both equations are in good agreement as seen in Table

Table 1 Estimation values of initial dose (in kGy) for different mathematical
fits to the bone ESR dose response

Actual Dose
(kGy)

1.0

2.0

3.0

4.9

Estimated Dose
(Exponential Fit)

1.02 + 0.07

2.40 ± 0.40

2.88 + 0.50

5.10 ± 0.30

Estimated Dose
(Rational Fit)

0.94 ± 0.24

2.30 + 0.30

2.90 + 0.60

4.80 ± 0.40

Estimated uncertainty limits are expressed as the 95 % confidence level

Post-irradiation stability and the effect of time of evaluation on the accuracy of

the estimate.

The stability of radiation-induced free radicals in chicken bone was studied by

irradiating a bone fragment to 3 kGy and then stored in the laboratory at ambient

temperature ~22°C and relative humidity of-50%. The ESR signal amplitude of the

radiation induced signal was measured at different intervals of time during the post-

irradiation storage period of 3 months. The percentage decrease in signal amplitude
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Table 2. Effect of the time after irradiation on the estimated Dose

Storage
Time
(day)

2

6

12

Actual Dose
(kGy)

2

2

2

Estimated Dose
fkGv)

Exp. Fit Ration. Fit

2.12 ± 0.2 2.2 ± 0.3

1.8 + 0.3 1.9 ± 0.2

2.3 ± 0.2 2.3 ± 0.1

Estimated uncertainty limits are expressed as the 95 % confidence level

It can be observed that no significant difference is seen among the dose

assessed for bones stored to 2, 6, or 12 days after initial irradiation to 2 kGy. It is also

observed that both equations ( 1 and 2 ) when applied to the data yielded similar

results. In fact, the available data in the literature on the decay of radiation induced

free radicals in bone, under different storage conditions, are limited. Studies on the

decay of radicals in eggshell (apatite) suggests that corrections for decay should be

applied to the ESR signal amplitude to obtain better estimate of the original dose (10

). However, other studies on the effect of decay of radical on the accuracy of dose

estimate in irradiated chicken bone revealed that the time of evaluation (up to 20 days

post-irradiation ) did not affect the estimate for 0.5 and 3.0 kGy bones, but moderately

affect the 7.0 kGy estimates (11) . Therefore, detailed studies of the effect of time of

evaluation on the accuracy of dose estimate in irradiated chicken bones is needed.

Conclusions

The above results indicate that the ESR detection method is clearly able to

distinguish between irradiated and unirradiated bones. Concerning the dose
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as a function of storage time is shown in Fig.3. It can be observed that the radiation

induced free radicals decay rapidly in the first few days after irradiation and then

stabilize over a long period of time. Over this storage period ( 3 months ) the signal

amplitude decreased by about 40 % of its initial value.

-45
20 40 60

Storage time, days
80 100

Fig.3 Percent decrease of ESR signal amplitude for chicken bone irradiated to

3 kGy as a function of storage time

The accuracy of the dose additive method to assess the initial dose for bones

irradiated to 2 kGy was tested as a function of the post-irradiation time evaluation.

The estimates for the dose level ( 2 kGy) derived from equations 1 and 2, at different

storage times, are summarized in Table 2.
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estimation, the preliminary results presented in this paper, using exponential and non-

linear rational fits, are encouraging. Although reasonable evaluations of dose

estimates are supplied by the rational fit up to 5 kGy, further studies will be made on

large batches of bone fragments covering the whole dose range ( 1-10 kGy )

permitted for radiation processing of chicken.
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INTRODUCTION

The cross-linking process using electron beam (EB) accelerator is a well established and accepted
technology in industry. Fire resistant, flame retardant and halogen free wires and cables, heat shrinkable
tubes and films, hot water tubes, plastic packaging, foam, tyres and many other plastic moulded products
are amongst the successful EB cross-linking industrial products. EB sterilisation of medical products such
as surgical rubber gloves, petri dishes, surgical gown, Pharmaceuticals, etc. is another application of EB
accelerator, which provides an alternative to gamma sterilisation. The applications of EB accelerator for
cross-linking and sterilisation require medium to high voltage accelerator in the range of 1.0 - 10.0 MV.

On the other hand, low voltage EB accelerator in the range of 150 kV to 500 kV is mainly used for curing
of surface coatings and cross-linking of plastic film. EB curing is widely used in coatings industry for
curing of coatings of various substrates such as wood based panels, furniture, metal, magnetic tape,
plastic, papers, and laminated products. At present, there are more than 600 EB accelerators in the world.

The EB technology was first introduced in Malaysia in 1991 with the commissioning of the first EB facility
at MINT. Since then, several other EB facilities have been installed by the industry as shown in Table 1.
However, these facilities are limited to cross-linking of home appliances wires, heat shrinkable plastic
packaging and plastic films.

Despite this scenario, there are many commercially available EB cross-linked products which are widely
used in Malaysia, such as low tension heat resistant automobile cables; heat resistant and flame retardant
home appliance wires; low voltage fire resistant cables; heat shrinkable tubes, sleeves, end caps for power,
electronic and automobile industries and semiconductors. This paper focuses on the industrial applications
of EB technology for cross-linking.

ELECTRON BEAM CROSSLINKING

Low tension cables, cross-linked polyethylene (AEX) and cross-linked polyvinyl chloride (AVX) types are
being used in the automobile industry in Malaysia. The cable is heat resistant (AEX - 150 °C and AVX -
125 °C) and suitable to be used in a high temperature environment such as in the car engine compartment.
These types of cables are processed by using EB irradiation and are imported mainly from Japan. In
Malaysia, several wire and cable manufacturers have produced such cables on trial basis which are
irradiated by using EB facility at MINT.

Fire resistant, flame retardant and halogen free low voltage cables for strategic buildings such as airports,
hospitals etc was developed in Japan and Europe by using EB processing technology. To meet the stringent
requirement of fire resistant cables for such applications, the cables need to be properly designed and
should have high content of fire resistant materials. At present such products are imported and currently
used in the construction of Kuala Lumpur International Airport.

275



International Nuclear Conference, INC'97
27-28 October 1997

Purpose

w Multi purpose
• Research
• Irradiation services, e.g. cross-

linking of wire, heat shrink tube,
hot water pipe, etc.

•w Curing of coatings
• Research

iw Cross-linking of wires

•v Cross-linking of heat shrink plastic
packaging

•v Cross-linking of plastic film

Specification

3.0 MV, 30 mA
• Up to 20 m/ min

conveyor cart speed
(60 x 60 cm size)

• Up to 500 m/ min
capstan speed for
tube /wire

200 kV, 20 mA
• Up to 30 m/ min

conveyor speed (15
x 15 cm size)

800 kV, 100mA

550 kV, 60 mA

150 kV

No. units

1

1

1

4

1

Year Established

1991

1991

1996

1996/97

1997

Table 1. Electron Beam Facilities in Malaysia

EB cross-linked heat resistant polyethylene and polyvinyl chloride wires are produced locally by the
Sumitomo Electric Company. The insulators of the wire do not easily melt when subjected to soldering
temperature and at the same time they are flame retardant. These types of wires are used in the
manufacturing of home appliances such as TV sets, ovens, iron sets, etc.

Usage of heat shrinkable products such as tube, sleeves and end caps for power and electronic industries is
well known and widely used in Malaysia. Some of these products are EB cross-linked by the manufacturer
before exporting and subsequently expanded in Malaysia. These products are imported from Japan, China,
Taiwan, USA and Europe. MINT together with SIRIM and a local company is currently developing the
heat shrinkable tube.

Plastic packaging is another fast growing industry in Malaysia. W. R. Grace is a well-known plastic
packaging manufacturer in the world and it has installed several EB machines for cross-linking of heat
shrinkable plastic film for packaging in Malaysia. In addition, a local company has also recently acquired a
low energy EB machine for cross-linking of plastic films. Such initiative is an encouraging development
and demonstrates the level of expertise and know how of the EB technology in Malaysia.

Another potential application of EB technology in Malaysia is for cross-linking of hot water pipe. Hot
water pipe in Malaysia is mostly made of copper material. In view of the toxic property of copper, it is
foreseen that copper tubing will slowly replaced by other materials such as plastic. Europe however, has
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decreased the usage of halogen type plastic material such as PVC because of the corrosive nature of the
halogen gas.

In view of this, polyethylene is expected to be accepted material for drinking water pipe. With a proper
cross-linking technique, polyethylene pipe can withstand hot water and it is being used widely in Europe
for this purpose.

Polyethylene can be cross-linked by using silane or electron beam process. For silane cross-linking,
additive which is required for the process is no longer acceptable due to its toxicity. EB cross-linking is the
only technique available and acceptable without using toxic additives. Cross-linked polyethylene pipe can
be used for cold, normal and hot water. A proper lamination with aluminium, cross-linked polyethylene
can also withstand pressurised hot water for boiler's applications. EB cross-linking of polyethylene for hot
water pipe application is very promising and should be further developed in Malaysia.

R & D AND FUTURE DEVELOPMENT

There are many other applications using EB cross-linking which can be introduced and developed in
Malaysia and ASEAN region. Fast and homogenous process, high efficiency, high throughput, shorter
processing line compare to heat processing system are amongst the key points for the EB processing
technology.

The EB facility at MINT has been equipped to irradiate industrial products. MINT has acquired expertise
and technology to provide EB irradiation services to the local industries for wire and cable, heat shrinkable
tube, hot water polyethylene pipe and cross-linking of many other plastic products. The EB and under
beam handling facility and expanding machine available at MINT are shown in Figure 1, 2 and 3.

In addition to the development of the industrial applications of EB technology in Malaysia, research
institute such as MINT is actively involved in EB related research using natural rubber, palm oil and
related products as the main sources of polymeric materials for research. Division of Radiation Processing
Technology at MINT has several research projects inter-alia;

Thermoplastic and natural rubber blend
Natural rubber / polypropylene blend

- Natural rubber / LLDPE blend
Natural rubber / EVA blend
Epoxidised Natural Rubber / PVC
blend

Rubber wood and palm fibres / polymer
composite

Rubber wood fibres / polypropylene
composite
Palm fibres / polypropylene
composite

Modification of thermoplastic
for heat shrinkable tube
for fire resistant and flame retardant
product
radiation compatible PVC compounds

FIG 1. CAPSTAN UNIT
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FIG 2. PAY-OFF AND TAKE-UP SYSTEM FIG 3. EXPANSION MACHINE

• Radiation Processing of Natural Polymer with main focuses on biodegradability and environmental
friendly.

• Development of radiation curable palm oil products
surface coatings application
pressure sensitive adhesive
UV printing ink

• Radiation vulcanisation of natural rubber latex

• Radiation modification of natural rubber by grafting

• Coating of rubber gloves

CONCLUSION

In the past 5 years, industrial application of EB technology in Malaysia has developed steadily in the area
of plastic packaging. The local industry is ready and capable to utilise the technology. For cross-linking of
wire and cables, EB technology is not fully utilised. In this case, there is a need to further assist the
industry in the development of suitable materials for this purpose.

In the near future, the EB technology for cross-linking of heat shrinkable tube will be in operation in
Malaysia. MINT and SIRIM are playing an active role to assist the local company in the development of
this technology. Another potential application of EB technology is for cross-linking of hot water pipe.
Effort has been taken with the local resin manufacturer to look into the possibility of producing the
material.

R & D on EB cross-linking will be further intensified using indigenous products such as natural rubber etc.
for the development of new materials.
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Abstract

A 1.6 ton/hr revolving fluidised bed incinerator was recently commissioned in Pasir Gudang, Johore.
As part of the commissioning work for the plant an insitu radioactive tracer experiment was
conducted byAdlNT. The aims of the study was to determine the mean residence time and distribution
of gas flow in the combustion system.. About 4xl0mCi of radioisotope Bromine-82 in the form of
potassium bromide solution were injected direct to the combustion chamber through the secondary
air plenum inlet by using a special device. The input measurement used two methods one by
interlocking switch to trigger the injection and the other by placing a NaI(Tl) scintillation detector at
the inlet. The mixing characteristic of the tracer was then measured at the outlet of the combustion
chamber by using NalfTl) scintillation detector couple to a sealer rate-meter and chart recorder. A
clear residence time distribution and very sharp peaks were obtained from the last two tests. The
results enable the centroid of the residence time distribution to be calculated. The minimum and
mean residence time, measured from "centroid determination method", were determined to be 3.01±
and 5.97± 0.95 seconds respectively as compared to the calculated design value of 3.68 seconds at
850°C, which complies and exceeds European Community directive 89/398/EEC.

Introduction

In early 1997 an authority at Pasir Gudang, Johor has commissioned an oil sludge incinerator. As
part of the commissioning work, Malaysian Institute for Nuclear Technology Research (MINT) was
given the job to measure and verify the design residence time at certain operating temperature.

Oil sludge is considered a hazardous waste by the Malaysian Schedule Waste Act (Scheduled Waste)
1989, thus, the incinerator performance shall conform to the hazardous waste incinerator
requirements. Since Malaysia is yet to formulate her own performance standard for incinerator, a
European Community (89/369/EC) standard on incinerator was adopted for the present purpose.
Even though the said standard was meant for Municipal Solid Waste (MSW) incinerators, it was
observed that the design standards and discharge limits were able to cover the hazardous waste
incinerator performance requirements, typical to an oil sludge incinerator.

The plant was built to dispose off the oil sludge accumulated by the shipping industry, in a clean and
environmentally acceptable manner, via incineration, while recovering energy from the sludge.
Basically it comprises of a single chamber, revolving fluidised bed combustor (RFBC) having a
capacity of 1.6 T/hr at an average of 17,400 kJ/kg heat capacity. Fitted with power generation
equipment, it could generate up to 1.5MW(E).

Various techniques have been devised to measure residence time such as that developed by
Nasserzadeh et al [2]. However this technique is not available in Malaysia. However a nuclear
technique has been established by MINT and was therefore suggested to be used for this study. The
technique uses a radioisotope tracer, namely Bromine-82.

Theoretical aspects

Residence time is defined as the mean duration that the waste is exposed to the high incinerator
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temperatures [1]. According to EC directive 89/369/EEC, this residence time must be the subject of
appropriate verification at least once before a new plant begins operating [2]. According to Crumpler
[1], residence time is given by:

ITIT
where t, = residence time, s

V = combustion chamber volume, m3

q = gas flow rate within the differential volume, m3/s

The gas flow rate at a given point varies according to temperature, excess air added and the extent of
combustion taking place. Therefore, in order to solve the equation, the temperature profile, excess
air profile and waste combustion profile along the combustion chamber must be known.

Methodology

Bromine-82 in the form of potassium bromide solution is made to be atomised by flushing through a
nozzle and is believe to be suitable to represent physically as combusted gases in the system under
study. The tracer is selected because of it high energy gamma radiation which could easily be
detected by the scintillation detectors.

A total of 40mCi of Bromine-82 was prepared in four vials and kept in lead shielding stainless steel
containers of a type A packaging. Each of radioisotope vial was transferred in a lead pot and brought
to injection place. An injection device comprising of peristaltic pump, stainless steel cartridge,
compressed air supply, stainless steel container for flushing water and nozzle were set-up.

During the experiment Bromine-82 was pumped to the cartridge. About 100ml of water is poured to
the stainless container which connected to the cartridge. The container is than connected to air
supplied. A stainless steel tube with a small nozzle at one end is then insert into the secondary air
plenum. Injection of radioisotope Bromine-82 is made by flushing the tracer in the cartridge into the
system with 7 bars compressed air supplied. .(Figure: 1).

Compressed air and water
(7 bar and 100ml)

Stainless steel container

Peristaltic pump™™^

I !&. *•<»©& 1
kV 1AJV • • • ' ̂ -^^^VwvnCi flH

ill i
K S H Cartridge 10ml | |

^ ^ H Bromine-82 M• I 1
Isotope container 1

J:

, ,*, I•
JT ^ ^
M Gate valve P g g §1 1

Ball valve

Secondary air jet tube

Figure 1: Sketch of the tracer injection device set up
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According to EC directive 89/389/EEC, the residence time shall be measured from the point of last
air injection into the combustion chamber to the last point prior to entering boiler or any other
cooling devices.
The tracer experiment set up is shown in Figure 2. Two NaI(Tl) scintillation detectors were placed on
the above duct prior to secondary air plenum before the combustion chamber inlet and the other
(Detector 2) at the duct prior to entering the boiler. These detectors were connected to the PSR8
scaler-ratemeters and then to HIOKI chart recorder. All detectors were collimated with lead bricks in
order to reduce the background count and also to get a good peak shape. Dummy and actual
experiment repeated for three times was conducted to verify the reproducibility of results.

Injection _J_
of Br-82

Air supply

Detector 2
(outlet)

Sludge supply

Figure 2: Sketch of the tracer experiment set up

In this experiment, the temperature of the combustion chamber was measured to be 1004 °C. The
tracer was directly injected into the combustion chamber through a 20mm diameter secondary air jet
via a tracer injection line. The injection nozzle was inserted just about at the combustion chamber
wall, thus bypassing the secondary air plenum effect. The set up also incorporate a trigger switch
interlocked between the tracer injection valve and the detection system, thus enabling detector
response checks. The first input signal of the tracer is detected at this point as it passing the
secondary air plenum. The tracer is then atomised and mixed with the air and combustion gas. As the
mixture exiting from the chamber, it is detected by a second detector. The time deferent between the
two signals from the two detectors will give the residence time of the tracer in the system.

Radiation safety is another factor shall be concerned when involve in radiotracer experiment, The
objective of the radiation protection is to limit the radiation exposures so that the risk of harmful
effects to the individuals and to the society is very minimum as compared to the benefits gained from
the use of radioisotope. In radiotracer study, a radiation safety assessment report also need to be
submitted to the relevant authority for approval prior the experiment. Usually, radiation exposure is
immediately involved after the injection of radiotracer been released into the system. In this
experiment, the concentration of Bromine-82 to the system was attributed relatively small due to the
dilution factor by the bulk flow during the experiment.
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Result and Discussion

The minimum residence time is defined as the time difference between thresholds as detected by both
detectors (1 ) and (2). In tracer experiment, the mean residence time is defined as the time at which
half of the tracer activity has been discharged from the vessel. Hence it can be taken as the time
different, measured from the centroid of the residence time distribution curve
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Figure: 3 Output responses of the detection system from test run 1 and 2 showing the
off scale reading due to the low setting of FSD.

Four series of tests run were conducted in the experiment. Figure:.3 shows the first two output
responses of the chart recorder. It shows that the curves are off-scale due to the low setting 'full scale
display (FSD)' of sealer-rate meter (lxl03cps and lxl04cps). Therefore, for the last two series of test
run, FSD sealer-rate meter was then setup at 'lxl05cps' and it displayed very good and reproducible
results as shown in Figure 4.
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Figure: 4 Output responses of the detection system from test run 3 and 4 showing a
good display of results used for determine minimum and mean RTD.

The plot from the first detector gave a very sharp symmetric peak, therefore the mean residence time
is calculated base on the peak of the curve. However the second detector gave a little broaden
distribution of residence time starting from 2 to 16.5 seconds with the peak at 4 sec after the
injection.. This is typical and expected as the turbulence occurred in the combustion chamber. It was
also to be noted that the trigger switch signal response almost overlap that of the detector 1 initial
response showing that the tracer took a very short period of time from the moment of injection to the
first detection point (detector 1). However, the peak of the curve for detector 1 showed some delay of
about 0. 7 - 0.8 seconds with respect to the trigger switch signal, meaning majority of the tracer took
sometime to reach detection point after triggering the injection switch. It can be shown by calculation
that for 7 bars pressure, the time taken for the tracer to be injected into the chamber is 0.8 seconds.
Thus, it can be inferred that the time taken for the tracer to pass the first detection point to the
injection nozzle ranges from 0-0 .1 seconds. Since the residence time distribution curve is broad and
asymmetrical, the mean residence time is measured by it centroid determination established by the
International Atomic Energy Agency (IAEA) and the average is calculated to be 5.25 ± 0.95 whereas
the minimum residence time is 2.65 ± 0.95 seconds [6]. Detail of the treated data is tabulated as
shown in Table: 1
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Table 1: Result of the calculation of minimum and mean residence time for air supply
in the incinerator.

No of
Expert
ment

test-1

test-2

test-3

test-4

Input measurement
(detector

Thres
hold
(sec)

5.74

19.2

11.9

16.5

Cent
roid
(sec)

6.33

18.2

13

18.4

I)

Delta t
(sec)

0.25

0.63

0.25

0.63

Average of test-3 and test-4

Output measurement

Thres
hold
(sec)

6.57

20.9

13.7

20

(detector 2)

Cent
roid
(sec)

16.8

36.9

18.3

23.6

Delta t
(sec)

0.25

0.63

0.25

0.63

for minimum and mean

Peak of
the curve

(sec)

Not
available

Not
available

17.5

21.3

RTD

RTD
time
range
(sec)

2 - 24.0

2-35.0

2 -16.0

2 -16.5

2.65±0.95

Output -
det2-

RTD
Mini
mum
(sec)

0.83

1.7

1.8

3.5

sec

Input
det l

RTD
mean
(sec)

10.47

18.7

5.3

5.2

5.25±0.

±
error
(sec)

0.35

0.88

0.35

0.88

95 sec

The experiment was maintained and measured at temperature 1004° C. Thus by applying ideal gas
law, the equivalent residence time at 850° C can be deduced to be 5.97± 0.95 and 3.01± 0.95 seconds
respectively. For comparison, the calculated residence time for the plant operated on 25/2/97 was
3.68 seconds [4]. It was understood here that the measured minimum residence time was lower than
the calculated value as the calculation was based on ideal plug flow principal as commented by
reference [3].

Most incinerator tests practiced in Europe does not take the minimum residence time as the
controlling parameter, although the EC Directives specifically mentioned about the minimum
residence time as the parameter. In most tests, average mean residence time is reported and taken to
present the parameter for meeting the standards [3]. The reason explained being due to the inherent
limits of the detecting instrument accuracy. In this particular test case, the equipment response is
better than 0.95 seconds. However, for the purpose of this report and in accordance to general
practice, the "centroid determination method" residence time is taken as a parameter to be assessed.
Thus, the result obtained from the test having 5.97 seconds centroid determination method residence
time at 850° C does meet and exceeds EC Directives 89/389/EEC. It is also to be noted that this
value of residence time (4.88 seconds normalise to 1100° C) also meet the Canadian Council of
Ministers of the Environment (CCME) Guideline for Hazardous Waste Incineration Facilities [5],
which specifies 2 seconds minimum residence time at 1100° C.

Conclusion

The minimum residence time was found to be 3.01± 0.95 seconds at 850°C. On the other hand, the
average or centroid determination method residence time was 5.97± 0.95 seconds. This value is
slightly higher than the calculated value based on plug flow principal. As the above minimum
residence time value was not normally considered, then centroid determination method residence
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time was taken as a standard parameter of concerned. The result obtained from centroid
determination method residence time at 850° C is 3.28 seconds. It does meet or exceeds EC
Directives 89/239/EEC requirement, which specifies the minimum residence time shall be at least 2
seconds in the temperature zone of 850°C. Also, the residence time measured meet the CCME
guideline for hazardous waste incinerator.

Nuclear technique, in the absence of others conventional techniques, is worthy and meet the
objectives of the present experiment. However, it is seen that validation or cross check with others
techniques such as using SO2 [3] or Pseudo Random Binary Signal Tracer Techniques [2] might be
beneficial and suggested for further development. Other techniques such as Computational Fluid
Dynamic modeling e.g. using FLUENT [2] may be applied to supplement.
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ABSTRACT

Organochlorinated pesticide such as Lindane is very persistent in the marine
environment. The distribution of14C-lindane in a simulative mudflat microecosystem;
in sea water, sediment and cockle (Anadara granosa) compartments was studied for a
period of 10 weeks under aeration. Cockle bioconcentrated 2808.4 Bq/g tissue one
day after exposure, which was gradually reduced to 1754.5 Bq/g tissue six days later.
Lindane was probably depurated by cockle following its migration to deeper sediment
layer within one week exposure. Sediment absorption of 14C-lindane was observed in
the first and second weeks, reaching 595.4 Bq/g sediment at 15 days after exposure. A
steady decline of its concentration was shown between 2-10 weeks of exposure to
216.7 Bq/g sediment possibly due to sediment desorption. The 14C-lindane level in sea
water was shown to steeply decline to 0.47 Bq/ml between 2-10 weeks of exposure.
The unaccounted radioactivity could have been lost in the form of volatilized lindane.

INTRODUCTION

Organochlorinated pesticides i.e. Lindane (y-BHC) are immensely important from the
Malaysian environmental perspective because these pesticides have been widely used
over a long period of time and are still being used for agricultural and horticultural
purposes and also to control the public-health pests. These pesticides are very
persistent in the abiotic environment and highly bioaccumulative in the faunal fatty
tissues. Lindane (1,2,3,4,5,6-hexachlorocyclohexane) is also extremely stable to light,
air, temperatures up to 180°C and acids (Tomlin, 1994).

The intensive agricultural activities, which rely on chemical pest disease and
weed control, are currently taking place in most agricultural fields. Located on the
western area of Peninsular Malaysia, the major agricultural fields are the Malaysian
rice bowl area of Muda in Kedah and the rice granary area in Projek Barat Laut
Selangor (PBLS) in Selangor. A long stretch of sea coast is in the vicinity of these
agricultural fields. The mudflats of this western sea coast are commonly used for the
culture of cockle {Anadara granosa), a popular and economically important marine
bivalve. The applied pesticides may enter the culture bed through agricultural runoff
(Abdullah and Shanmugam, 1995). Hence there is the need to study the effect of
pesticide residues on marine environment.

In this paper we are presenting results of a laboratory study on distribution of
14C-lindane in a simulated mudflat microecosystem.
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MA TER1ALS AND METHODS

The simulated mudflat microecosystem was prepared in a small glass tank ( 1 2 x 6 x 8
in.) containing sea water, sediment and cockle (Anadara granosa) which were
collected from the mudflats of Sungai Tiang, Bagan Datoh, Perak, Peninsular
Malaysia. The tank was filled with 1 in. of sediment (size < 212 um) and 5 L of
filtered sea water. This microecosystem was continuously aerated by using an
aquarium pump.

At the beginning of the experiment, 16 cockles were placed on the sediment
surface. The insecticide 14C-Lindane (Specific activity: 3.6 mCi/ml, purity > 98%)
was added into the glass tank at the rate of 1155 ug/tank (231 ppb) at water solubility
range. Samples of cockle were collected in duplicate at 1,2, 3,4, 5, 6 and 7 days after
exposure. Samples of water and sediment were collected in duplicate at 1, 2, 3,4, 5, 6,
7, 15, 22, 29, 36, 43, 50, 57, 64 and 71 days after exposure.

Prior to pesticide addition; blank samples of water, sediment and cockle were
also collected for pesticide extraction and analysis. All the chemicals used in this
experiment are of the analytical grade.

Analysis of C-pesticide in biological material (cockle).

Two cockles were dissected by using forceps, per sampling time. The soft
tissues were collected into beaker and weighed. 150 mg of tissues was homogenized
by using a tissue blender and the aliquot was extracted twice with 2 ml of acetonitrile
and ultrasonification. The acetonitrile extracts were separated in a centrifuge tube and
combined. 16 ml of distilled-deionised water was added into this tube and the
pesticide was back extracted twice with 2 ml of hexane. The hexane extract was
transferred into a Liquid Scintillation vial, 10 ml of Liquid Scintillation cocktail was
added, swirled and counted in the Liquid Scintillation Counter (EXTRACTABLE
14C- COMPOUND). 1 ml of the remaining water phase in the tube was transferred
into a vial, 10 ml of Liquid Scintillation cocktail was added and counted (POLAR
BREAKDOWN PRODUCTS).

The debris (tissues pellet) was dried at 60 °C overnight, weighed and
combusted in the Harvey Biological Oxidizer. The trapped 14CO2 was counted in the
LSC (BOUND/UNEXTRACTED RESIDUE).

Analysis of 14C-pesticide in sediment

A small sample of surface sediment was collected from the experimental
aquarium. About 10 g of this sediment was transferred into a glass centrifuge tube and
spinned at 3500 rpm x 10 min. to remove the interstitial water. Water was discarded
and the sediment was oven dried at 60 °C overnight. The sediment pellet was pounded
using pestle and mortar and about 100 mg was transferred into clean centrifuge tube,
and extracted twice with 2 ml acetonitrile in the ultrasonic bath. After each extraction,
the tube was centrifuged and the acetonitrile extract was collected and combined. 16
ml of distilled-deionised water was added into the combined extract and pesticide was
back extracted twice with 2 ml of hexane. The hexane extract was transferred into a
Liquid Scintillation vial, 10 ml of Liquid Scintillation cocktail was added and counted
in the Liquid Scintillation Counter (EXTRACTABLE 14C-PESTICIDE). 1 ml of the
aqueous phase was similarly pipetted into a scintillation vial for LSC counting
(POLAR METABOLITES).
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The pellet of the extracted sediment was oven dried at 60 °C overnight,
weighed and combusted in the Harvey Biological Oxidizer. The released 14CO2 was
trapped, collected and counted in LSC (BOUND RESIDUE).

Analysis of 14C-pesticide in sea water

1 ml of sea water was collected with an automatic pipette from the aquarium and
transferred to a Liquid Scintillation vial and 10 ml of Liquid Scintillation cocktail was
added. The vial was swirled and the total 14C radioactivity was counted (direct
measurement) in the Liquid Scintillation Counter.

To avoid effects of sediment and biogenic particles in water on radioactivity
measurement, pesticide was also extracted with solvents. 15 ml of water sample was
collected and centrifuged to remove these particles. 10 ml of clear supernatant was
transferred to a Pyrex tube and extracted twice with 1 ml hexane by shaking the tube
for 30-60 seconds. The hexane-water phases were allowed to separate and the upper
layer of hexane extract was transferred to a Liquid Scintillation vial. The hexane
extracts from both extractions were combined and added into this Liquid Scintillation
vial for LSC counting (EXTRACTABLE 14C-COMPOUND). 1 ml of extracted water
was pipetted, transferred into a Liquid Scintillation vial, 10 ml Liquid Scintillation
cocktail was added and 14C radioactivity was counted in the Liquid Scintillation
Counter (POLAR BREAKDOWN PRODUCTS).

RESULTS AND DISCUSSION

14C-Lindane applied to sea water at the rate of 231 ug/L (231 ppb) has caused no
mortality to cockle (Anadara granosa) during one week exposure. Apart from
nutrient, this filter feeder has apparently removed lindane from water. It
bioconcentrated 2808.4 Bq/g tissue one day after exposure and gradually reduced it to
1754.5 Bq/g tissue six days later (Fig. 1). The bivalve mussel (Mytillus
galoprovincialis) was shown to eliminate 90 % of the initial humic substances/acid
(HS/HA) particles in 90 hours from water, when 92 % of the spiked DDT pesticide
are known to be bound to these particles (Gonzalez-Farias, 1995). This phenomena
could also be expected from the bivalve cockle because both lindane and DDT are
less soluble in water. Following its migration to deeper sediment layer, lindane was
probably slowly depurated by cockle and tied up in bottom sediments.

Sediment absorption of 14C-lindane was observed in the first and second
weeks of exposure, reaching 595.4 Bq/g sediment at 15 days after exposure (Fig. 1).
Precipitation of HS/HA particles was observed at 77% in sea water and the particle
formed through this precipitation is stable (Gonzalez-Farias, 1995). However, the
concentration of 14C-lindane (assumed to be highly bounded to these particles as is
DDT) declined steadily to 216.7 Bq/g between 2-10 weeks of exposure possibly due
to sediment desorption. After 10 weeks of exposure, 14C lindane has dropped to nearly
half of the maximum level measured in sediment (at 15 days) which act as its
reservoir (Abdullah & Shanmugam, 1995).

The 14C-lindane level in sea water was shown to steeply decline to 0.47 Bq/ml
between 2-10 weeks, particularly in the first one week of exposure (Fig. 3). In the
initial three and four days of exposure, 90% of the initial pesticide containing -
HS/HA particles (Gonzalez-Farias, 1995) could have been filtered out from water by
cockles.
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The unaccounted radioactivity (up to 50% of the applied lindane as stated by
Ramamoorthy in 1985) particularly between 2-10 weeks exposure, could have also
been lost in the form of volatilized lindane.
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Figure 1: Total activity of 14C-Lindane in cockle tissue
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Figure 2: Total activity of 14C-Lindane in marine sediment
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Figure 3: Total activity of 14C-Lindane in sea water
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The advent of new technologies and knowledge have emphasised the need for countries to rely on one
another for progress and development. At the same time, new challenges to development, which are
beyond the capacity of any country to approach individually, have emerged. These have led to greater
need for international co-operation, particularly among the developing countries. In Malaysia,
international technical co-operation has contributed significantly towards the development of nuclear
technology. Malaysia has received technical assistance through the multilateral, regional and bilateral
co-operation. This assistance complements the efforts of the government to meet the primary objectives
of science and technology programme, which are, intensification of R & D capacity and applications of
technologies, both acquired and developed, in national development.

This report reviews the technical assistance received through the international co-operation and its
contributions towards the development of nuclear technology in Malaysia for period 1980 -1996.

Multilateral Co-operation

Multilateral co-operation through International Atomic Energy Agency (IAEA) played an important role
in the development of nuclear technology in Malaysia. Malaysia became a member of the International
Atomic Energy Agency (IAEA) in 1969. One of the IAEA main activities which Malaysia actively
participates is the Technical Assistance and Co-operation (TAC) Programme. The primary objective of
this programme is to assist member states in achieving self reliance in nuclear science and technology
by strengthening human resource and the institutions. Under this programme, Malaysia received
assistance in the forms of expert service, fellowship training and provision of equipment. To date
Malaysia has completed a total of 70 projects in various fields such as agriculture, industry, medicine,
mining, safety and environment. Figure 1 shows the distribution of the project by field of activity and
Table la provides the list of projects and the participating agencies.

NudeaSafety 9
13%

General Atomics
Dev 3

4%

Indus try &Hyctok>ay
12

17%

Biology 3
4%

Medcd Science 11
16%

Nudecr Physics 7
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Nudecr Chemistry 2
3%

Mlnlng&Materld 4
6%

Nuclear E ng. &T ech.
4
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Ac/lcutture 16
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Figure 1 : Distribution of projects by field under the IAEA
Technical Assistance Cooperation Programme : 1980-1996
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Malaysia focused on 5 main fields of nuclear technology, namely, agriculture ( 21 %), industry and
hydrology (17 %), medical science (16 %), nuclear safety and radiation protection (13 %) , nuclear
physics including dosimetry, neutron activation analysis and research reactor utilisation (10%). More
than 20 agencies including research institute, teaching hospital, university, regulatory and utility body
have participated in and benefited from the projects (Table lb).

Project types and trends

Table la: Projects implemented under the TAC Programme IAEA : Period 1976 -1996

Project
Code

4003
6005
6006
9002
6007
1002
8002
5006
1004
6008
5007
1003
6009
3003
5012
5009
5008
4004
5010
9003
2002
5013
3004
6010
8003
1006
1007
5011
6012
8004
5017
5014
0007
7002
6011
2003
9005
8005
5018

Project Title

Research Reactor Centre Establishment
Radioisotopes in Medicine
Radioisotopes in Medicine
Environmental Protection
Nuclear Medicine Services
Neutron Physics (Kuala Lumpur)
Radioisotopes in Industry
Radioisotopes in Agriculture
Nuclear Physics
Nuclear Medicine
Food Preservation
Secondary Standards Dosimetry Laboratory
Nuclear Medicine
Uranium Exploration
Soil Moisture Studies
Radioisotopes in Animal Science
Plant Mutation Breeding
Non -Destructive Testing
Nitrogen-15 Fertiliser studies
Environmental Monitoring
Radioisotope Production
Radioisotopes in Animal science
Radioactive Minerals Survey
Radioisotopes in Biochemistry
Nuclear Applications in Industry
Fast-Neutron Activation Analysis
Neutron Activation Analysis for Tin
Foods Preservation
Radiation Therapy
Radiation Processing Facility
Nitrogen-15 Fertiliser Studies
Pesticide Residues
Nuclear Power Planning
Radioisotopes in Microbiology
Radio immunoassay in Medicine
Latex Maturation Studies
Personnel Monitoring
Tracers in Sedimentology
Nitrogen-15 Fertiliser Studies

Inst

MINT
GHKL
GHKL
MINT
GHKL
UKM
MINT
MARDI
USM
UM
UKM
MINT
IMR
GSMS
UPM
UPM
UKM
smiM
MARDI
MINT
MINT
MARDI
GSMS
UKM
SIRIM
MINT
USM
UPM
UKM
MINT
MARDI
MARDI
LLN
UKM
UKM
RRIM
MINT
MINT
MINT

Start
Year
1976
1976
1977
1978
1978
1979
1979
1979
1980
1980
1980
1980
1980
1980
1981
1981
1981
1981
1981
1982
1982
1982
1982
1983
1983
1983
1984
1984
1984
1984
1984
1984
1984
1985
1985
1985
1985
1985
1985

End
Year
1985
1980
1987
1980
1982
1982
1982
1984
1982
1981
1981
1989
1984
1982
1982
1983
1984
1982
1984
1986
1988
1982
1983
1989
1991
1985
1985
1985
1986
1991
1989
1989
1991
1986
1990
1988
1987
1992
1986

Dur
Year

10
5
11
3
5
4
4
6
3
2
2
10
5
3
2
3
4
2
4
5
7
1
2
7
9
3
2
2
3
8
6
6
8
2
6
4
3
8
2
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continue /Table la

Project
Code

1008
9006
8011
8006
3006
8007
5019
9007
8008
4006
1009
6013
5020
8010
3007
7003
9010
9008
8012
9009
7004
8013
4007
0010
0009
6014
9011
6015
5022
5021
8014

Project Title

Research Reactor Utilisation
Nuclear Licensing and Regulations
Radiation Technology
Non Destructive Testing
Radioactive Minerals Survey
Food Irradiation
Radiation-Induced mutation breeding
Nuclear Instrumentation Centre
Tracers in Hydrology
Nuclear Instrumentation Centre
Neutron Activation Analysis
Upgrading of Nuclear Medicine
Nuclear Techniques to Improve Agriculture Production
Radiation and Isotope Application in Industry
Uranium Exploration
Sterilisation of Tissue Graft
Conditioning, Storage and Disposal of RA
Emergency Planning and Preparedness
Utilisation of Electron Beam Machine
Nuclear Power Siting
Marine Contamination and Sedimentation Transport
Contribution of Nuclear Technology to Industry.
Upgrading of TRIGA Reactor
Manpower Development Programme
Public Acceptance of Nuclear Technology
Nuclear Cardiology Service
Radiation Protection Phase II
Monoclonal Antibody Production and RIA Development.
Behaviour and Fate of Pesticides
Mutation Breeding and Biotechnology
Environmental Impact Assessment
70 Projects

Inst

MINT
AELB
MINT
MINT
GSMP
MINT
MINT
AELB
MINT
MINT
MINT
USM
RC
MINT
GSMP
RCTG
MINT
MINT
MINT
LLN
RCM
MINT
MINT
MINT
MINT
GHKL
AELB
UM
RCP
RCMB
MINT

Start
Year
1985
1985
1986
1986
1986
1987
1987
1987
1988
1988
1988
1989
1989
1989
1990
1991
1991
1991
1991
1991
1993
1993
1993
1993
1993
1993
1993
1995
1995
1995
1995

End
Year
1988
1986
1990
1992
1989
1991
1989
1992
1990
1996
1991
1996
1995
1995
1995
1996
1994
1995
1996
1993
1996
1995
1996
1996
1995
1995
1996
1996
1996
1996
1996

Dur
Year

4
2
5
7
4
5
3
6
3
9
4
7
7
7
6
6
4
5
6
3
4
3
4
4
3
3
4
2
2
2
2

318

Project types and trends

In the initial period of the development of nuclear technology in Malaysia, the TAC Programme
focused on the development of infrastructure and human resource. The first TAC project approved for
Malaysia was in 1976 entitled The Establishment of Research Reactor Centre. Malaysian Institute
Nuclear Technology for Research (MINT) was responsible in the implementation of the project. The
project was completed after a period of 10 years (1976 - 1985) with various basic facilities in placed and
operational. In 1982, the TRIGA MARK II Research Reactor was commissioned and the radioactive
waste management facility at MINT was given recognition as National Radioactive Waste Treatment
Centre.

During the same period 1976 - 1985, MINT as well as other research institutes, hospitals and
universities received further assistance under the TAC programme mainly on the basic applications of
radioisotopes in agriculture, medicine, animal science, biochemistry and mining exploration. To
support the increasing activities of nuclear technology in the country, two major projects, Secondary
Standards Dosimetry Laboratory and Radioisotope Production were initiated in 1980 and 1982
respectively. The former was completed within 10 years with the establishment of National SSDL in
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1982 and the latter was completed within 7 years with the establishment of Radioisotope Production
Facility in 1984. Both facilities are located in MINT.

Table lb: Malaysian institute, universities organisations participate in
IAEA Technical Assistance Programme 1980 - 1996

Atomic Energy Licensing Board (ABLE)
General Hospital Kuala Ltimptur (GHKL)
Geological Survey Malaysia, Perak (GSMP)
Geological Survey Malaysia, Sarawak (GSMS}
Institute of Medical Research 0MR)
Lembaga Letrik Negara (Utility-Tenaga National Berhad) (LLN)
Malaysian Agriculture Researob and Development Institute (MARDI)
Malaysia Institute for Nuclear Tecbsolof y Research (MINT}
Rubber Research Institute Malaysia (RRJM)
Standard for Industrial Research Institute Malaysia (SDUM)
Universitt Kebangsaau Malaysia (UKM)
University Malaya (UM>
University Pertanian Malaysia (UPM)
Universiti Sains Malaysia (USM)
Research Committees (RQ, including Research Committee for Marine (RCM); Research
Committee for Mutation Breeding (RCMB); Research Committee for Sterile Insect
Technique (RCSIT) Research Committee for Soil Science (RCSS), Research Committee for
Tissue Graft (RCTG), Research Oogunittge for Pesticide <RCP)

Recognising the uniqueness of nuclear technology as a tool to solve certain problems which normally
conventional technology not able to, in 1986, TAC programme for Malaysia began to shift its focus
towards problem solving oriented projects with emphasis on the applications of isotopes and radiation
technology in industry and environment. Projects such as Non Destructive Testing, Food Irradiation,
Tracers in Hydrology and Sedimentology, Radio-immunoassay in Medicine, Radiation Technology and
Radiation and Isotope Application in Industry received full support from the IAEA and the Government
of Malaysia. The projects on Radiation Technology and Radiation and Isotope Application in Industry
have contributed towards the establishments of Gamma Irradiation Facility and Electron Beam Facility
at MINT which were commissioned in 1989 and 1991 respectively.

During the period of 1989 - 1996, IAEA has also assisted in the establishment and development of
nuclear medicine service in Universiti Sains Malaysia under the project Upgrading of Nuclear
Medicine. Nuclear Techniques to Improve Agriculture Production is another project which was
strongly supported under the TAC programme, during the period of 1989 -1996. This integrated project
was implemented under the management of a National Working Committee, comprising representatives
from relevant institutes of various expertise and competency. Management by National Working
Committee, has proven to be an effective mechanism and the project has significant impact on the
agricultural development of the country. The project has resulted in strong networking and co-operation
among the scientists from various agencies and disciplines in areas such as food technology, mutation
breeding, soil science, animal science and pesticide studies. To date, several other projects under the
TAC programme are managed by a National Working Committee.

The focus of TAC programme for Malaysia, once again, shifted in 1990, with emphasis on end-user
oriented projects instead of, problem solving oriented projects. Projects such as, Mutation Breeding and
Biotechnology, Utilisation of Electron Beam Machine, Sterilisation of Tissue Graft, Behaviour and Fate
Pesticides, Nuclear Cardiology Service, Monoclonal Antibody Production and RIA Development,
Environmental Impact Assessment, were given priority and strongly supported by the IAEA and the
Government of Malaysia. The project on the sterilisation of tissue graft has contributed to the
establishment of the National Tissue Bank at the Universiti Sains Malaysia in 1994.
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Projects such as, Nuclear Instrumentation Centre, Radiation Protection and Nuclear Safety, Public
Acceptance, Waste Management, Environment, Nuclear Power Programme and Human Resources
Development Programme, were also given continuos supports to ensure safe and effective development
of nuclear technology programme in the country.

Types of Assistance and Trends

IAEA has provided assistance in the forms of expert service, fellowship training and provision of
equipment , valued more than USD 10 millions, of which 46 % for equipment , 29 % for expert
assignment and 25 % for fellowship training and scientific visit. The distribution of equipment, expert
assignment and fellowship components received by Malaysia : 1980 - 1996 is shown in Figure 2.
Assistance received for the three components over the period reviewed was on the increasing trend
except for the equipment component which decreased after 1989. The trend indicates that after 1989,
Malaysia started to be less dependent on the TAC Programme for provision of equipment. This is due to
the provision of government research fund for R & D which emphasised on the procurement of
equipment but not fellowship and expert components. Consequently, more assistance for fellowship and
expert assignment were still required from the TAC Programme.

The Malaysia Institute for Nuclear Technology Research (MINT) - which is responsible for the
implementation and promotion of nuclear science and technology in Malaysia - received the highest
assistance from the TAC Programme.
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Hgure 2. Assistance received by Malaysia under the IAEA Technical
Assistance Cooperation Programme: 1980 -1996

Expert Assignment

Malaysia considers expert assignments under the TAC programme as opportunities not only for
receiving expert advise and guidance on a specific technology, but also for sharing and sourcing new
ideas, acquisition and adaptation of new technologies and strengthening strategic alliances, as well as
enhancing Malaysian image in the international arena with emphasis on nuclear science and
technology. During the period 1980 - 1996, 414 expert assignments with a total duration of 303 man-
month and valued at USD 2.9 millions were fielded to Malaysia. 3 major fields were focused namely,
agriculture, industry and hydrology, and nuclear and radiation safety. 110 assignments ( 73 man-month)
were carried out for agriculture, 75 assignments (50 man-month) for industry and hydrology with
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emphasis on radiation technology, non destructive testing, tracer studies, and 48 assignments ( 26 man-
month) for nuclear and radiation safety.

Out of 414 assignments, almost two-thirds of the experts on assignment were from the industrialised
countries. Western Europe was the leading region, providing 143 assignments, followed North America
completing 105 assignments and Asian and Pacific implementing 97 assignments. The major providers
are the United States (21 %), United Kingdom (14 %), Germany (7 %), Canada (5 %) and Australia (4
%). Among the developing countries, India (4 %), Poland (2 %) and Hungry (2 %) take the lead in the
number of experts they provide. At the same time, scientists from Malaysia have also contributed
towards the implementation of projects in Malaysia by completing 18 assignments. The scientists were
recruited as TAC programme expert and training course lecturers. More than 20 institutions have
benefited from the 414 assignments. 220 assignments (183 man-month) were for research institute,
followed by research committees and universities with 80 (40 man-month) and 39 (40 man-month)
assignments respectively. The average duration of each expert assignment was about 2 man-week.

Fellowship and Scientific Visit

To ensure that the projects were successfully implemented, members of the project team were trained in
various relevant fields in countries where the technology had been developed and can be acquired. Visits
of experienced scientists to established centres were also organised under the TAC programme. During
the period reviewed, 219 fellowships and 187 scientific visits, with total duration of 833 man-month and
50 man-month respectively, were received by Malaysia. A total of USD 2.5 millions was spent on the
fellowship and scientific visit programme.

For fellowship training, Malaysia focused on 4 fields namely, agriculture, nuclear and radiation safety,
industry and hydrology, and medicine. There were 51 fellowships (190mm) in agriculture, 37 (97mm)
in nuclear and radiation safety, 29 (127mm) in industry and hydrology, and 22 (109 mm) in medicine.
More than two-thirds of the fellowship training and scientific visit were obtained from the industrialised
countries. Western Europe was the leading region, providing 67 fellowships, followed by Asian and
Pacific for 64 fellowships and North America for 53 fellowships. The major providers of fellowship
training were USA (159mm), UK (205mm), Australia (113 mm), IAEA (103mm) and Japan (83mm).
Out of 219 fellowships, research institute received 156 fellowships (589 mm), followed by universities
and regulatory board, 32 fellowships (132 mm) and 19 fellowships (46 mm) respectively. The average
duration of each fellowship is about 4 man months

Countries which fellows often visited with the aims to keep abreast on the latest development of nuclear
technology were, USA (9mm), UK (7mm), Germany (4mm) and IAEA (2mm). The average duration
for each visit is about 8 days.

Provision of Equipment

Several major equipment valued about USD 4.6 millions were provided through the TAC Programme
to complement the existing facilities available in the participating institutes

Other Programme

The nuclear technology development in Malaysia is also strengthened through participation in other
programmes of the IAEA such as the research contract, seminar, symposium, conference and training
course. These programmes have provided platforms for scientists and experts to meet and to exchange
information on the research findings. More than 100 research contracts were awarded to Malaysia since
1980.
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Regional Co-operation

Regional co-operation in the nuclear technology normally complements and strengthens activities of the
multilateral co-operation. Presently, Malaysia actively participates in two regional co-operation in the
field of nuclear technology namely, the Regional Co-operative Agreement (RCA) for Asia and the
Pacific for Research, Development and Training in Nuclear Science, and the International Nuclear Co-
operation for Asia (INCA).

Regional Co-operative Agreement (RCA) for Asia and the Pacific for Research, Development and
Training in Nuclear Science

The RCA is an intergovernmental agreement concluded under the auspices of the IAEA, in which the
Government Parties undertake, to promote and co-ordinate co-operative research, development and
training in co-operation with each other and the IAEA. There are 17 countries party to RCA namely;
Australia, Bangladesh, China, India, Indonesia, Japan, Malaysia, Mongolia, Myanmar, New Zealand,
Pakistan, Philippines, Republic of Korea, Singapore, Sri Lanka, Thailand and Vietnam.

Malaysia became member of the RCA in 1975. Since 1980, 31 projects were supported under the
RCA/IAEA programme and 5 projects under the RCA/UNDP/IAEA programme. Malaysia has
participated in almost all the training activities organised under the RCA programme, The
RCA/UNDP/IAEA programme was implemented over three 5 year phases, starting 1982 focusing on
applications of nuclear technology in industry, environment, and food. The main activity of the RCA
programme, which Malaysia has participated, is the human resource development The distribution of
human resources development activities participated under the RCA/IAEA and RCA/IAEA/UNDP
Programme, by field of activity is shown in Figure 3.
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Hgure 3. Distribution of human resource development activity
participated under the RCA/IAEA and RCA/IAEA/UNDP Programme

by field of activity : 1980 -1996

During the period reviewed, there was a total of 317 participation from Malaysia with emphasis on the
fields of industry (62 % ), general atomic development ( 14 % ), medicine (5 %), instrumentation
maintenance ( 5 %) and safety ( 3 % ). To ensure successful implementation of the projects, expert
assistance was also received either from the developed countries such as Australia and Japan, and from
the developing countries such as Indonesia, Republic of Korea, China.

International Nuclear Co-operation for Asia (INCA)

In addition to RCA programme Malaysia participated in a regional co-operation programme,
International Nuclear Co-operation for Asia (INCA). The programme was initiated in 1991 by the

299



Government of Japan. The members of the INCA are Japan, Australia, China, Korea, Philippine,
Indonesia, Thailand, Vietnam and Malaysia. The main activity of the INCA programme is exchange
and dissemination of information on nuclear technology through seminars and meetings. INCA
programme is co-ordinated and fully funded by the Government of Japan. The fields of co-operation
under INCA are namely; utilisation of research reactor, application of radioisotopes and radiation in
medicine, mutation breeding , waste management, nuclear safety and public acceptance in nuclear
energy. Since 1991, there were more than 80 participation in the activities organised under this
programme.

Bilateral Co-operation

While close co-operation continues to be fostered with the members of the IAEA, RCA and the INCA,
Malaysia also intensifies its co-operation with other countries under bilateral co-operation programme.
Malaysia's bilateral co-operation is strengthened through the exchange of visits, the conclusion of
various agreements and the establishment of Joint Commissions. Malaysia has concluded with 61
countries, the Agreement on Economic, Scientific and Technical Co-operation. Under this umbrella
Agreement, other agreements were concluded to facilitate collaboration in many areas. In the
development of nuclear technology, Malaysia has concluded two Memoranda of Understanding, one
with Australia and the other with Japan, focusing on the transfer of technology through capacity
building.

Technical Co-operation between Malaysia and Australia

The technical co-operation between Malaysia and Australia in the development of nuclear technology
started as early in 1972. Three bilateral co-operation agreements between Malaysian Institute for
Nuclear Technology Research (MINT) and Australian Nuclear Science and Technology Organisation
(ANSTO) were concluded. The objective of the first MoU (1982 - 1984) was to assist MINT in the
physical infrastructure and human resource development, the second MoU (1986 - 1988) was to
complement the IAEA Technical Assistance Co-operation Programme and the third MoU (1991 - 1993)
was to carry out projects which are of common interest and benefit to both countries. Having had some
experiences in the TAC programme on applications of radioisotope in medicine, hydrology, tracer
technology and realising the importance of these technologies, they were integrated in the 6 projects
under the MoU, namely;

• physical infrastructure and human resource development
• development of radio-pharmaceuticals service and technology
• management of low-level radioactive waste management
• nuclear medicine
• radioactive dating technique
• applications of radioisotope in industry and sedimentology
• occupational health and safety

The training activities under the first and second MoU were mainly supported by the IAEA Technical
Assistance Co-operation Programme. However, in third MoU, Australian Government spent almost
USD 1 million to train 21 Malaysian from MINT, AELB, Ministry of Health, USM, Factory and
Machinery Department, Department of Drainage and Irrigation. Staff in various organisations and
institutions in Malaysia have also benefited through courses, workshops and field studies conducted by
the Australian experts in Malaysia.
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Technical Co-operation between Malaysia and Japan

Aiming at becoming centre of excellence in radiation processing technology, and realising the
advancement of Japan in this area, Malaysia concluded a project - type technical co-operation agreement
with Japan Atomic Energy Research Institute (JAERI) in 1987 on the upgrading of oil-palm waste for
animal feeds and with Japan International Co-operation Agency (JICA) in 1989 on the establishment of
the application of radiation technology. Under the co-operation with JICA, two electron accelerators,
3.0 MeV and 200 KeV were installed at MINT. Five main projects were successfully implemented,
namely:

• sterilisation of medical products
• radiation curing of surface coating
• dosimetry
• radiation and nuclear safety
• operation and maintenance of the accelerators

More than USD 4 millions worth of assistance in the forms of training, provision of equipment and
expert despatch were received from the Government of Japan.

In addition to project - type technical co-operation agreement, Japan has provided expert service and
fellowship training through the Science and Technology Agency (STA), Japan Atomic Energy
Research Institute (JAERI) and Japan Atomic Industrial Forum (JAJP) . During the period 1980 -
1996, a total of 99 Malaysians participated in activities related to development of radiation and nuclear
technology in Japan. More than 15 Japanese experts were despatched to MINT. Malaysian participation
in training programme organised by the Government of Japan is shown in Table 2.

Table 2 : Malaysian participation in training programme (including seminar,
conference, training course) organised by Government of Japan

Sponsor

Science and Technology Agency (STA)
Japan International Corporation Agency (JICA)
Japan Atomic Energy Research Institute (JAERI)
Japan Atomic Industrial Forum (JAEF)

Total

1980

1984
0
1
0
0
1

1985

1989
27
10
2
3

42

1990

1994
21
14
6
1

42

1995

1996
6
3
4
1

14

Total

54
28
12
5

99

Effectiveness and impacts of International Technical Co-operation

During the period reviewed, most of the activities under the international technical co-operation
programme were carried out according to the Country Programme Framework (CPF). The activities of
the multilateral, regional and bilateral co-operation programmes were implemented not only to
complement each other, but also to complement the S & T activities of the country. The strong
commitments and the financial supports from the government in providing infrastructures, human
resource and research fund have contributed towards sustainability and success of the nuclear
technology programme in the country. To date, several major centres and facilities have been established
through the assistance of the international co-operation and these are summarised in Table 3 .
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Table 3: Major Centres and Facilities for Nuclear Technology Development in Malaysia

Centre and Facility
Secondary Standard Dosimetry
Laboratory - MINT

Radioactive Waste Treatment Centre -
MINT
Nuclear Research Reactor Facility -
MINT

Radioisotope Production Facility -
MINT
SINAGAMA - Cobalt-60 (ISO 9002
Certified) Irradiation Facility - MINT

ALURTRON - Electron Beam Facility
-MINT

RAYMINTEX Plant-MINT
STRDFEED Plant - MINT

National Tissue Bank - USM &
MINT
Nuclear Medicine Centre - USM &
HKL
Biotechnology Facility - MINT

NDE Training Course - MINT
Radiation Protection Training
Course - MINT

Main Functions
• Standardisation of radiation sources
• Calibration of radiation monitoring equipment
• Personnel dosimetry service
• Treatment of low level liquid radioactive waste
• Interim storage of radioactive waste
• 1 MW TRIGA MARK II-Reactor research and training
• Neutron Angle Neutron Scattering (SANS) and Neutron

Radiography for material science research
• Neutron Activation Analysis for elemental analysis
• Radiopharmaceutical diagnostic kits for hospital
• Radioisotope for research, industry and agriculture
• Sterilisation of medical products eg. surgical gloves,

catheter, tubing and containers
• Irradiation of herbs and cosmetics - raw materials
• Crosslinking of wire and cables
• Surface coating and surface finishing
• Polymer grafting and modification
• Radiation vulcanisation treatment of natural rubber latex
• Production of sterile animal feed from palm oil waste -

empty fruit bunch
• Production of amnion tissue and bone graft
• Development of new tissues
• Provision of nuclear medicine service

• Research on mutation breeding and molecular biology
• Production of plants tissue culture

Provision of training course in Non-destructive testing
• Provision of training course in radiation protection

The international technical co-operation programme has also substantially contributed to self sufficiency
within Malaysia in several areas related to industry, agriculture, medical science, radiation and nuclear
safety and personnel are equipped to undertake their own studies in these areas. Some of the
technologies are transferred to the end-users through mechanisms such as memorandum of
understanding, contract research, research agreement, training activities such as workshop, seminar,
conference, as shown in Table 4.

Table 4: Technology Transfer and Mechanisms

Mechanism
Memorandum of
Understanding

Technology Transfer
Testing techniques for Column
Scanning and Tank Floor
Scanning
Radiation Vulcanisation of Rubber
Latex
Sterilisation if Tissue Graft and
Tissue Bank

End-user
Service and engineering company

Latex company

Hospital University
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Continue /Table 4

.Mechanism

Memorandum of
Understanding

Contract
Research

Training Service
& Attachment

Expert & Consul-
tancy Service

Technology Transfer

Nuclear Medicine and
Radiopharmaceutical kits
Nuclear techniques in agricultural
and engineering; mutation
breeding, water resources,
pesticide study.
In-vitro Mutagenesis of
Ornamental Plants
Heat shrinkable tube using EBM
Cross-linking of wire and cable
Surface coating
Testing and inspection technology
Radiation protection and nuclear
safety
Radiation Technology: Soil
Science: Radiological Impact
Assessment:
Radiation Safety: Non-destructive
Testing

End-user

Hospital University

Malaysian Agriculture Development
Authority

Nursery & landscaping company.

Tube company and SIRTM
Wire company
Coating company
Industry; University; Medical Centre

Industry; University; Medical Centre

Future challenges and directions

As applications of nuclear and related technologies in Malaysia become more developed, certain levels
of expertise are being reached and established. At this point in time, Malaysia is ready to participate
actively in Technical Co-operation among Developing Countries (TCDC) Programme to assist other
countries in developing nuclear and related technologies. At the same time, Malaysia will continue to
further develop new applications of nuclear science and technology, in line with the country's mission to
be an industrialised nation.

Reference:

The Agency's Technical Co-operation Activities Report, 1980 -1996
Agency's Annual Report, 1980 -1996
Partners for development: Expert assistance in Malaysia, Ainul Hayati Daud, IAEA Bulletin, p 38 - 41,
Vol 38, No. 2, 1996, Vienna, Austria
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Food Irradiation Development: Malaysian Perspective
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Introduction

Food irradiation (the process of exposing food to ionising radiation) is increasingly being
recognised as an effective method for reducing post-harvest losses, ensuring hygienic quality of food,
extending shelf-life and facilitating wider trade in certain food items. Although some 40 countries have
approved the use of food irradiation on over 100 food items , only 28 countries are applying it
commercially (1). However, the trend in commercial application is likely to increase in view of the recent
trade developments, in particular adoption of the Agreement on the Application of Saniatry and
Phytosanitary Measures (GATT Uruguay Round) which aims to liberalise global trade in food and
agricultural commodities, prohibitions or restrictions on a number of food fumigants such as ethylene
oxide and methyl bromide because of health and/or environmental reasons, and the stricter hygienic and
phytosanitary standards required in international trade.

Food Production and Processing

Although Malaysia is fast becoming an industrialised nation, its agricultural sector continues to
play an important role in the overall economic development of the country. Based on past trends in food
production and consumption, Malaysia will continue to import its requirement of foodstuffs such as rice,
though in some food products Malaysia is self sufficient or even able to become an exporter in
commodities such as poultry, fruits and vegetables. Currently, Malaysia is the major exporter of palm oil
and ranks third in pepper and fourth in cocoa beans in terms of its contribution to world trade (2).

The food processing industry is one of the major contributors to manufacturing development in
Malaysia with average growth of over 10% annually between 1984 to 1995 and an output value of RM
9.9 billion in 1995 (3). The main sub-sectors within this industry are fruits and vegetables, fish and meat;
dairy and cereal-based products; sugar and confectionery; edible oils and fats; coffee, cocoa, tea and
spices; beverages (non-alcohol); prepared animal feeds and miscellaneous food products. With the
increasing affluence, changing lifestyles and bigger population base, the industry is expected to record
another phase of growth. As it gears for expansion, the industry is faced with a host of technical issues
and challenges which include understanding food trends, compliance to legal requirements, choice of
technology, acceptable levels of chemical contaminants/pesticide residues and emergence of new
pathogens such as Listeria and certain strains of E.coli. To meet these challenges, Malaysia has
considered food irradiation which is presently available to the food industry

Research and Developments

Research work in food irradiation started in 1976 with the installation of the Gammacell at
National University of Malaysia. In 1982, the national R&D programme on food irradiation was
established with the objective of demonstrating the efficacy of irradiation in the treatments of local food
and agricultural commodities, ultimately aimed towards transferring the technology to the food industries.
Since 1985, all activities pertaining to R&D applications, adoption and technology transfer of food
irradiation were coordinated by the National Working Committee on Food Irradiation which comprises
members from research institutes, regulatory agencies, universities and consumer association with MINT
acting as secretariat.

Food irradiation offers a broad spectrum of applications for different food products. Technical
feasibility studies conducted on 7 local food items of economic importance produced encouraging results
(Table 1). Economic feasibility studies on multipurpose Co-60 facility indicated that with sufficient
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throughput of less than 18,000 MT/annum, the unit cost of irradiating local products are cheaper
compared to that in developed countries (4).

Malaysia's infrastructure for promoting nuclear technology was further enhanced with the
installation of a demonstration Co-60 irradiator 'Sinagama' ( present activity 0.95 MCi, maximum
capacity 2 MCi) at MINT in 1989 followed by the commissioning of a 3MeV electron beam machine
'Alurtron' in 1991. Presently, Sinagama provides irradiation services for medical product, herbs and
Pharmaceuticals. This facility is also being used for demonstrating economic feasibility and semi-
commercial trials of food irradiation.

Consumer Acceptance

As in many other countries, food irradiation in Malaysia has attracted much attention from the
local activist and media in the 1980's which has led to the misconception among policy makers and food
industries that consumers would be reluctant to accept irradiated food. As there are no irradiated products
in the marketplace yet, it is difficult to assess the Malaysian consumer's response to food irradiation.
Realising this, an attitude survey was conducted in 1990 on 1029 consumers as a step towards preparing
an environment for introducing food irradiation. The findings indicated low acceptance due to very
limited knowledge and misunderstanding of the technology (5). Furthermore, Malaysia used to be the
regional base of the infamous anti-food irradiation activism centre in the 1980s and hence, consumers
were influenced by the adverse publicity on this technology. Nevertheless majority of respondents
responded positively towards education on food irradiation.

Food Industry Acceptance

Malaysia's manufacturing and industrial climate are positive towards development of novel and
high capability technology such as food irradiation (6). Malaysian Standard on Guidelines for Irradiation
of Food was formulated in 1992 to assist food industries in applying this technology. However, food
irradiation has not yet been commercially adopted in Malaysia. Among factors contributing to the
apparent lack of interest by the food industry to take up this technology include no demand for the
benefit provided due to unawareness of the technology, competitiveness with alternative processes,
uncertainty in consumer acceptance and the current restricted market for irradiated products.

Findings of a survey conducted on 37 food processors in 1995 indicated majority of respondents
have little knowledge of food irradiation (7). Half of respondents perceived the process as safe and 23%
would consider using it for commercial purpose. Main concerns of the food industry are safety of process
and irradiated food, efficacy of process, regulatory control and consumer acceptance. The most potential
application of food irradiation is in improving the hygienic quality of food products. Almost all
respondents indicated positive response to education and promotion of food irradiation in Malaysia.
Malaysia, through MINT has embarked on public education activities aimed at increasing awareness and
better understanding of the technology.

Regulatory Status

Under the existing Malaysian Food Act 1983 and Food Regulations 1985, approval is required
from the Ministry of Health prior to irradiation on food for consumption and sale of irradiated food.
However parallel to the GATT Uruguay Agreement and in view of the general acceptance by the
scientific community that food irradiation is scientifically safe, efforts are being geared towards
approving irradiation of certain commodities to meet the need of the food industry.

Conclusion

Malaysia recognises food irradiation as an alternative technology for improving safety and
quality of food as well as overcoming barriers in food trade. Commercial application is highly promising
for the export-oriented produce such as spices, frozen shrimp and fruits. Nevertheless, educational effort
on food irradiation is very important to gain confidence and acceptance of the technology by consumers,
food industries and policy makers.
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Table 1. Potential agricultural commodities / food items for irradiation

Types of food

Milled rice

Black and White Pepper

Frozen shrimp

Chilled chicken

Fresh ginger

Cocoa beans

Fresh fruits
(papaya, starfruit)

Cut flowers

Purpose of irradiation

Control insect infestation

Control insect infestation

Reduce microbial load

Eliminate pathogenic
microorganisms

Eliminate pathogenic
microorganisms

Inhibit sprouting during storage

Control insect infestation
during storage

Control fungi infection

Control insect infestation
(quarantine)

Control insect infestation
(quarantine)

Maximum dose (kGy)

1

1

10

5

3

0.05

1

6

<0.5

<0.5
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Consumer attitude survey ( N = 1029 respondents )
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Food industry survey ( N = 37 respondents )
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Abstract

We showed examples of two cubic phases in a surfactant mixture of 2-butoxy ethanol
(nonionic) + Aerosol-OT (anionic) + didodecyl dimethyl ammonium bromide (cationic)
in water and two lamellar phases in a mixture of dodecyl dimethyl ethyl ammonium
bromide (cationic)+ Aerosol -OT (anionic) in water .

Introduction

Surfactant mixtures have been under active investigations for several decades especially
in the field of cosmetic formulations (1). More recently , anionic and cationic mixtures
were studied in term of their general phase diagram behaviour (2) as well as precipitation
phenomena (3). We have also done some rheological studies on anionic-cationic
surfactant mixtures (4). There are various techniques for studying surfactants mixtures
but both light scattering and small-angle scattering techniques using X-rays and neutrons
are popular. Previously we have investigated a sphere-to-rod transition in a surfactant
mixture in water using small-angle neutron scattering technique (5). In this paper we
report concentrated mixtures of surfactants in water forming cubic and lamellar phases.

Experimental

a) Phase diagram determination

The surfactants 2-butoxy ethanol (2BE), Aerosol-OT (AOT)( or sodium bis-2-ethyl hexyl
sulfosuccinate) , didodecyl dimethyl ammonium bromide (DDAB) and dodecyl dimethyl
ethyl ammonium bromide (DEAB) were all bought from Fluka Co. and were of the
highest grade. Phase diagram determination for the 2BE+AOT+ DDAB system were
done by mixing the surfactants at various ratios with a total weight of 1810 milligrams
and mixed in 500 microlitres of deuterated water ( >98% pure , bought from BDH,
England). Deuterated water was used because initially a neutron beam time was proposed
but due to unfortunate circumstances , only small-angle X-ray scattering was done. For
the anionic-cationic system , Aerosol-OT and dodecyl dimethyl ethyl ammonium bromide
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(DEAB) were mixed and dissolved in water. The phases were determined using both
optical microscopy (with polarisers) as well as calorimetry (to be reported elsewhere).

b) Small-angle X-ray sacttering

Small-angle X-ray scattering were done at the Farris Engineering Center, Univ. of New
Mexico at Albuquerque using the pin-hole geometry. The samples were transferred from
the culture tubes using a spatula to a polyethylene ring of 1 mm thickness and sandwiched
between two Kapton tapes. All the scattering were done in air , thus giving a low-Q
contribution . The Kapton tape itself gave a small shoulder at ca. Q= 0.4 Angs"1. Here Q=
An sin(©/2)A, is the scattering vector where A, is the wavelength of x-ray used ( Ka line
from Cu) and 0 is the scattering angle. For the cubic phase, the samples underwent
cycles of heating (max. T = 60 deg. C) and cooling (lowest T = 0 deg. C) in the culture
tubes, before being transferred to the polyethylene ring. All the samples (including the
lamellar samples) were rotated by a motor at a speed of 10 rpm). Typical running time on
the SAXS machine was one hour.

Results and discussions

The phase diagram of 2-butoxy ethanol + Aerosol-OT + didodecyl dimethyl ammonium
bromide in water (see fig.l) showed a AOT-rich cubic phase and a DDAB-rich cubic
phase. The AOT-rich cubic phase corresponds to a Gyroid structure with Ia3d spacings,
whereas the DDAB-rich cubic phase corresponds to a Diamond arrangement (see fig. 2).
In general the gyroid structure have a lower melting point but also a higher "ringing"
frequency compared to that of diamond arrangement. (It should be noted that all cubic
surfactant gels ring and an explanation had been made by us (6)). For the Aerosol-OT +
dodecyl dimethyethyl ammonium bromide system in water (see fig.3) two lamellar
regions were found, one being AOT-rich and another DEAB-rich . Examples of the
scattering spectrum are shown in figure 4.

Conclusions

We have shown the existence of two cubic and two lamellar phases in two systems of
surfactant mixtures. In theory , a system consisting of three surfactants can have three
lamellar, three cubic and three hexagonal regions in the concentrated regimes. The
continuous (or discontinuous) transition within one particular phase type by
compositional variation could open up interesting studies on phase transitions.
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D j O

DEAB Aerosol-OT

Fig.3

Phase diagrani of Dodecyl dimethyl ethyl ammonium bromide (DliAB) + Aerosol-OT in
deuterated water, showing two lamellar regions and a micellar region.

DDAB M Aciosol-OT

Fig.l

Phase diagram of 2-butoxy ethanol + Aerosol-OT + didodecyl dimethyl ammonium
bromide = 1810 milligram + 500 microlitres deuterated water showing the existence of
two cubic phases and a micellar and vesicular phase regions.
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Top: SAXS spectrum for sample BC8 (AOT-rich cubic phase) with composition -
DDAB/AOT/2BE = 4.88/91.94/3.18 wt. percent. The first peak corresponds to lattice
parameter, d= 31.4 Angstroms. The first peak ratio = 1.154 corresponds to an Ia3d
arrangement (Gyroid lattice).
Bottom: SAXS spectrum for sample BC3 (DDAB-rich cubic phase) with composition -
DDAB/AOT/2BE = 75/20/5 wt. percent. The first peak corresponds to a lattice parameter,
d= 37.4 Angstroms. The first peak ratio = 1. 232 is very close to 1.225 suggesting a
diamong lattice arrangement.
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Top: SAXS spectrum for sample DOT 14 (DEAB-rich) with composition :
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corresponds to average lamellar distance, d= 33.1 Angstroms.
Bottom: SAXS spectrum for sample DOT 19 (AOT-rich) with composition :
DEAB/Aerosol-OT/d-water = 10.19/ 79.81/10 weight percent. The peak at 0.25
Angstroms'1 corresponds to an average lamellar distance , d= 25.1 Angstroms.
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Abstract

Small-angle X-ray scattering on three Malaysian coals from Sarawak showed power-law
behaviour that can be interpreted in terms of fractals. All of them showed almost identical
behaviour in term of scattering and thermal gravity measurements. The fractal dimensions
are 2.49 (Silantek coal) , 2.56 (Merit Pila coal) and 2.53 (Mukah Balingian coal). These
results are in accord with that found by other workers e.g Bale and Schmidt who found
the surface fractal dimension of Beulah lignite = 2.4.

Introduction

After hydrocarbons , coal and gas are the two main fuels of energy generation for
electricity. With increasing efficiencies in burning and fuel technology , coal is becoming
acceptable as environmental friendly in the future. As such, a large number of workers
around the world are devoting their work on coal vacuum residue properties ( colloidal)
as well as as structural studies that can be related to their compaction as well as burning
characteristics. Coals have been studied using various techniques e.g Fourier transform
infrared spectroscopy and X-ray diffraction (1), scanning electron microscopy (2) and
Nuclear magnetic resonance (NMR) (3). Small-angle scattering techniques using both X-
rays and neutrons can be used where for porous materials power law scattering spectrum
are usually found, where the scattering intensities vary as I (Q) = Io Q~a with Q= 47isin
(0/2)/X where 0 is the scattering angle and X the wavelength of X-ray or neutron used.
In reverse-phase silica , Schmidt et al. (4) found that a >4 and conclude it being due to
fuzzy pore boundary. Interested readers can find some of the more recent aspects of
small-angle scattering is given in a conference proceeding edited by Brumberger (5). One
of the first paper that described the fractal nature of coal was given by Bale and Schmidt
(6) on Beulah lignite. If d is the fractal dimension then surface fractals will give values of
a = 6-d with 2 <d<3. For mass fractals , d = a < 3.
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Coal deposits in Sarawak (7)

a) Silantek area (Semi anthracite to anthracite)

The measured reserves of coal in Silantek is about 7.2 million tonnes and composed of 2
million tonnes of coking coal. The remainder are classified as semi-anthracite to
anthracite. This coal which is suitable for coke manufacturer has calorific value of 6590
to 7700 kcal/kg , sulphur content of 0.4 to 0.7 % , moisture content of 1.6 to 5.2%, ash
content of 6.4 to 15.2 % , volatile matter 5.3 to 25 % and fixed carbon 61.6 to 80.2 % on
air dried basis.

b) Mukah- Balingian (Lignite)

The coal has high moisture content of about 24.3 to 48.9 % on air dried basis. Hence , it
is unsuitable for use alone or in a blend to satisfy any of the current coal requirements in
Malaysia. The calorific value ranges between 5140 to 7110 kcal/kg , sulphur content of
about 0.11 to 2.53 %, volatile matter 41.8 to 53.7% , ash content of 2.4 to 13.8 % and
fixed carbon of 39.6 to 53 % on air dried basis.

c) Merit-Pila (Sub bituminous B)

The total potential resources of the whole Merit-Pila basin has been assessed at 250
million tonnes. Mineable and recoverable reserves has been estimated at 17 million
tonnes with good potential for further exploration. The coal is a low rank sub-butiminous
coal with inherent moisture and relatively low ash level. The calorific value is about 5600
kcal/kg on air dried basis. The volatile matter is about 39%. Two companies - United
States based Global Minerals Exploration Corporation and Lucky Hill Sdn. Bhd., a
Malaysia-Korean firm begun mining in July 1988 producing a total of 410,000 tonnes
yearly.

Experimentals

Coals from three sites in Sarawak , East Malaysia viz. Silantek, Mukah-Balingian and
Merit-Pila were first ground to powder form. The coals have different physical
appearances as observed by eye or scanning electron microscopy. The ground samples
were loaded on a thin glass capillary and sealed before being set in a vacuum scattering
chamber.The small-angle X-ray scattering facility used was that at the Farris Engineering
Center, University of New Mexico at Albuquerque and used the pin-hole geometry.
Details of the instruments are given at this facility . The SAXS spectra are given in terms
of absolute intensity (denoted R) vs. Q. Thermogravimetric experiments were done at the
Calorimetry Lab., Dept. of Nuclear Sciences, UKM.
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Results and discussions

The thermogravimetry results for the different coals are shown in figures 1 and 2. The
results are not very different between Mukah-Balingian and Silantek coals as compared to
Merit-Pila coal (thermogravimetry not shown) in the temperature range of investigations.
The small-angle X-ray scattering results are shown in figures 3, 4 and 5 . All the coals
showed surface fractal structures and probably different pore-size distributions. However,
there is not a clear correlation between surface fractal dimensions and thermogravimetry
characteristics.

Conclusions

We have shown that Sarawak coals from three different areas have similar surface fractal
structures. Their thermogravimetry character are probably not directly related to their
fractal dimensions but rather on their total organic content.
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Abstract

Investigations on plant responses to applications of various forms and rates
of P fertilizers usually involve glasshouse and/or field experiments. This traditional
procedure assumes that whatever the soil-fertilizer-plant system, increase in total P
uptake by plant between no P treatment (control) and fertilizer treatment equals the
plant P uptake from fertilizer. This study uses the isotopic exchange technique in
the laboratory to predict bioavailability of P fertilizers without the need to conduct
glasshouse or field experiment. Serdang series soil (Typic Paleudult) was incubated
with 7 sources of P fertilizers comprising of triple superphosphate (TSP) and
phosphate rocks from North Carolina (NCPR), Algeria (APR), Tunisia (TPR),
Jordan (JPR), Chistmas Island (CIPR) and China (CPR) at the rates of 0, 2, 4, 6
and 8 g kg' soil with 20 % moisture content at room temperature in three
replications. The soils were sampled at 1, 3, 6 and 9 months after incubation and
isotopically exchangeable P determined by method of Fardeau and Jappe (1976).
Intensity, quantity and capacity factors of soil P were calculated and the residual
availability of these fertilizers were predicted.

Phosphorus in solution was highest in TSP treated soil for all treatments.
Among the phosphate rocks, NCPR at rate 8g kg'1 soil gave the highest value while,
CPR at rate 2 gave the lowest value. Thus showing that these PRs have different
reactivity in this soil, where NCPR, APR, TPR and JPR were the reactive PR ,
while CIPR and CPR were the unreactive ones. The isotopically exchangeable P at
one minute (EJ in the soil sampled at 9 months after incubation was found to
correlate very well with plant P uptake by oil palm seedlings grown under the same
condition. Calculations made on the percentage of P derived from these fertilizers
up to a period of more than one year after application showed that the reactive PRs
to have more residual P made available to plants than the unreactive PR.
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Introduction

Phosphorus is an essential nutrient element in crop production, and its

deficiency can be a major factor in declining crop production in many acidic

agriculture soils in developing countries(Chien, 1995; Chien and Menon, 1993).

In recent years, sharp increases in the price of raw materials for the

manufacture of water soluble of P fertilizers, increased transport and application

costs, and depressed agricultural commodity prices have raised interest in the use of

phosphate rocks (PRs) as source of P fertilizer. Direct application of PR to soils

may be an alternative, due of the possible high residual effect of PR. Thus it is

considered best to use PR for the purpose of permanently improving the P status of

soils.

Conventional method of evaluating and investigating P availability involves

glasshouse or field trials to assess biological responses to an application of various

forms of P fertilizers. For each P fertilizer, a large range in relative agronomic

efficiency (RAE) values has been reported for pot and field experiment by direct

application of PR. This traditional procedure assumes that whatever the soil-

fertilizer-plant system, increases in total plant uptake between no P treatment and

fertilized treatment equals the plant P uptake from fertilizer.

The isotopic exchange method can be used to predict the phosphorus

bioavailability of fertilizers and hence for evaluating the agronomic effectiveness of

P fertilizers without the need for conducting field or glasshouse experiments. It also
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has an advantage over the chemical extractants because it does not disturb the soil

components and there is an identity between the isotopically exchangeable P and the

phosphate absorbed by plants (Morel and Fardeau, 1991).

In addition, to estimate the availability of soil P, it is necessary to consider

intensity, quantity and capacity factors which can be assessed using isotopic

exchange kinetics in the laboratory (Morel and Fardeau, 1991). Intensity factor (I)

is the P concentration in solution of the soil-water suspension (Cp). Quantity factor

(Q), is the quantity of all phosphate ions in soil solution. At time 1 minute, El-

value, is the amount of P in the soil-water suspension which is isotopically

exchangeable during the first minute of exchange. Capacity factor describes the

ability of the soil to maintain the intensity factor constant when P is added to or

removed from the soil (the value of isotopically exchangeable P at 1 minute (Ei)

devided by Cp (Ei/Cp)).

Besides that, available soil P can be divided into five pools using the E value

method. The pools containing phosphate ions that will be released to the soil

solution instantaneously in the central compartment is called isotopically

exchangeable P at one minute (Ei) and will equilibrate with other pools, namely A,

B, C, and D. Pool A is the amount of P which is exchangeable with P in soil solution

from one minute to one day. Pool B is the amount of P which is exchangeable with

P in soil solution from one day to three months. Pool C is the amount of P which is

exchangeable with P in soil solution from three months to one year . Pool D is the
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amount of P which is exchangeable with P in soil solution in more than one year

Thus the objectives of this experiment were :

• To assess the immediate and residual availability of P from P fertilizers added

• To evaluate the relative agronomic efficiency (RAE) of P fertilizers.

• To calculate P derived from fertilizer (%Pdff) in soil solution using the E value

approach.

Materials and Methods

Six phosphate rocks (PRs) varying widely in reactivity and source were

evaluated using Triple superphosphate (TSP) as comparison. The sources of PR

used were from Christmas Island, North Carolina (USA), Jordan, China, Tunisia and

Algeria. The soil used for this experiment was from the Serdang series (Typic

Paleudult) collected from the UPM farm.

The chemical characteristics of the PRs were determined by digesting the

PR samples in concentrated HNO3 + HC1 mixture. Two g of each P fertilizer was

added in a beaker containing 4 ml HNO3 , 4 ml HC1 and 50 ml of distilled water.

The mixture was heated to boil for about 30 minutes, cooled and filtered. The

filtrate was collected and analysed. The moisture content was determined by drying

2 g PR in an oven at 105°C for two hours. The particle size of the PRs was

determined by passing 100 g samples through sieves of mesh 80 (< 0.1875 mm), and

the percentage of that passed was then calculated (SIRIM, 1995).
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One kg soil was mixed with the P fertilizers (2, 4, 6, and 8 g P/kg soil) and

incubated in plastic containers at 20 % moisture content and at room temperature. A

control with no P treatment was included. Each treatment was replicated three

times. The soil was sampled at 1, 3, 6, and 9 months after incubation. The

isotopically exchangeable P at one minute (Ei) was determined in each case using

the E value method (Fardeau and Jappe, 1976). The soil samples were air dried and

ground to pass through 2 mm sieve for the Ei determination.

A similar set of treatments were made using 15 kg soil where 3-months old uniform

oil palm seedlings were planted and maintained for 9 months, after which the plants

were harvested, dried and analysed for total P content.

Determination of isotopically exchangeable phosphorus (E value)

The determination of isotopically exchangeable phosphorus was carried out

by shaking 10 g of soil with 99 ml distilled water overnight in a polyethylene bottle

to obtain the steady-state soil-solution system. One ml of 32P with a radioactivity

(R) of about 2 MBq/10 gram soil, was added to the soil and mixed well with a

magnetic stirrer at 200 rpm.

About 15 ml of the mixture was taken at 1, 10, 40 and 100 minutes, and

immediately filtered through 0.025 (xm pore-size filter to obtain a clear solution.

Radioactivity (rt) remaining in the soil solution at each time (t) was measured by
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liquid scintillation counter (LSC). The same solution was also used for

determination of phosphate ions in the soil solution (Cp).

Determination of phosphorus in the soil solution (Cp)

Malachite green with phosphomolybdate under acidic conditions was used to

measure inorganic orthophosphate in nanomolar range of phosphate because P

concentration in soil solution was very low.

The Cp was determined by adding 0.2 ml of reagent A (1.75 % (w/v)

ammonium heptamolybdate.4H2O in 6.3N H2SO4). The solution was allowed to

stand for 10 minutes before adding 0.2 ml of reagent C (polyvinyl alcohol). The

absorbance was read at 610 nm after allowing the solution to stand for about 30

minutes.

Determination of P status and P kinetics parameters.

Soil P status parameters

The intensity, quantity and capacity factors in the soil were calculated as

follows :

Intensity factor (I) is Cp mg P I"1 (1)

Quantity factor at 1 min ( E ^ 10 Cp / (n/R) mg kg'1 soil (2)

Capacity factor at 1 min El/Cp = 10 (R/rO kg"1 soil (3)
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Where Cp is P concentration in soil solution, Ei is the amount of P in soil

which isotopically exchangeable during the first minute of exchange, n is the

radioactivity remaining in soil solution at the time t=l min, and R is the initial

radioactivity in the soil solution at the time t=0 min.

Kinetics parameters

The decrease in radioactivity remaining in soil solution with isotopic

exchange time can be described by the following equation (Fardeau et al, 1988)

rt/R = (r i/R)t"n + 10Cp/PM (4)

where rt is the radioactivity remaining in soil solution at each time t, ri is the

radioactivity remaining in solution after one minute of isotopic exchange, n the

kinetic parameter of the isotopic exchange and PM is total P in the soil. The last term

in equation (4), 10 Cp/P\i, can be negligible between 1 and 10000 min. Therefore

equation (4) can be transformed to the following equation :

log (rt/R) = log n/R) - n log t (5)

Slope " n " in equation (4) can be calculated by the least square method. If

there are only two sampling times, tl and t2, the slope n can be obtained as follows:

n = - (rt2 - log rtl) / (log t2 - log t l) (5a)

If t2 is ten times larger than tl , for instance tl = 1 min and t2 = 10 min then :

n = - log (rt2/rtl) (5b)
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Assuming that, at any time, the spesific radioactivity of phosphate ions in

solution is equal to the ions in the soil-solution system, the quantity Et, isotopically

exchangeable soil phosphorus, can be deduced as follows :

r,/M = R/Et (6)

Where M is the quantity of phosphate ions in solution, since 10 g of soil are

suspended in 100 ml of water, then M=10Cp. M and Et are expressed in mg P kg"1

soil and Cp in mg Pi'. Combining (4) and (6), the following equation is derived :

Et = M(R/rt)t
n = E!tn (7)

Therefore, the characterization of isotopic exchangeable phosphate ions

between soil and solution, requires at least the determination of three parameters,

namely : n/R, n and M. Equation (7) indicates that the estimate of the total available

soil phosphate is a function of time, thus its value is clearly dependent on the time

chosen for measurement.

The quantity, Et (mg P kg-1 soil), of isotopically exchanged P at time t is

calculated assuming that; 31PO4 and 32PO4ions have the same fate in the system and

whatever the time t, the specific activity of phosphate ions in the soil solution is

identical to that of the isotopically exchanged phosphate ions in the whole system.

Pool A is the amount of P which is exchangeable with P in soil solution from

one minute to one day. Pool B is the amount of P which is exchangeable with P in

soil solution from one day to three months. Poll C is the amount of P which is

exchangeable with P in soil solution from three months to one year. Poll D is the
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amount of P which is exchangeable with P in soil solution in more than one year.

These can then be calculated thus :

POOl A = El day - El min (8)

Pool B = E3months - Eid a y (9)

POOl C = Ei year - E 3 months (10)

POOl D = E e q - E 3 months (H)

where Eeq = Pm = total P in the soil

Calculation of P derived from fertilizer (% Pdff) in the soil solution

For the determination of Pdff % required at least two treatments ; the soil

without fertilizer and the same soil with fertilizer. Let SAf and SAo be the specific

activities of phosphorus in soil solution with and without fertilizer, respectively,

while Etf and Et0 are the E value at a given time with and without fertilizer

respectively. Pdff% in soil solution can be calculated as follows :

Pdff% = 100 ( 1 - SA/SAo) = 100 ( Etf - Et0 ) / Etf

Determination of relative agronomic effectiveness

The relative agronomic effectiveness (RAE) is the agronomic evaluation of

each PR in comparison with a standard P source (TSP) as shown below :

RAE = response to PR / response to standard P fertilizer (TSP)
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Where response to PR is calculated in terms if isotopically exchangeable P

(E value) for each PR.

Analysis of Data

Statistical Analysis Package (SAS), version 6.0 for windows was

used to analyse the data (Anova, DMRT and correlation coefficient).

Results and Discussion

The chemical composition of the PRs used are shown in Table 1. The P

content from the various PRs ranges from 13.11 % in APR to 14.29 % in CIPR.

TSP has the highest P content of 20.16 %. However Chien (1995) reported that the

total P content is not an indication of chemical reactivity or agronomic effectiveness

of PR. The particle size (% passing through in mesh 80) of the PRs used is also

shown in Table 1. It could be seen that the particle sizes of the PRs vary widely and

range from 46.45 % in NCPR to 99.71 % in APR. APR has the finest particles,

wherein 99.71% of particles was below 0.1875 mm.

Soil P Status Parameter

Intensity factor (I) is the P concentration in the solution of the soil-water

suspension (Cp), quantity factor (Q) (E-value) is the amount of P which is

isotopically exchangeable, and then capacity factor (Cf) describes the ability of soil
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to maintain the intensity factor constant when P is added to or removed from the

soil (the value of isotopically exchangeable P devided by Cp (E value/Cp)). Table 2

shows that the P concentration in the solution of the soil-water suspension (Cp) at 1

minute amongst the PRs is very low ranging from 0.16 (J.gPg"1 soil for soil treated

with CPR at rate 2 to 1.50 ugPg'1 for soil treated with NCPR at rate 8. The Cp

value for TSP was the highest for all rates while the Cp value of control was the

lowest. This indicates that the ability of each PR to release P into the soil solution is

different. The differences in PR physical, chemical and mineralogical properties

affect their reactivity and dissolution to release P into the soil solution (Chien, 1995;

Sale and Mokwunye, 1993).

Based on the Cp values, the results showed that NCPR, TPR, JPR and APR

are more reactive than CIPR and CPR. The soluble P fertilizer (TSP) was not

compared due to the high Cp value obtained. Increasing the rate of P application

increased the concentration of phosphate ions in the solution for all treatments. The

Cp values for reactive PR was always higher than the low unreactive sources.

Generally the Cp values increased with rate of P application in the soil.

The ri/R value is the radioactivity that remained in the solution after 1

minute of isotopic exchange over the total radioactivity added. Table 2 shows that

the ri/R in all PR varied from 0.04 to 0.08 and there are no significant differences

among the treatments. Fardeau and Jappe (1978) reported that high P fixing soils

generally have an ri/R value < 0.2 and soils having ri/R > 0.4 do not fix much P.
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Tran et al, (1988) also reported that based on the analysis of the P sorption

capacities of 58 Canadian soils, n/R < 0.22 indicated that the soil has a high fixing

capacity. In addition Salcedo et al (1991) and Morel and Fardeau (1989) stated that

the E value method was a good index to estimate soil P fixing capacity. The values

from this study were below 0.2 for all PR treated soil, these were very low and

indicated that Serdang soil fix much of the added P.

The high P-fixing capacity of the soil was related to their high clay content

Frossard et.al, 1994). A kinetic parameter (n value) which indicate the decrease of

the radioactivity remaining in the solution over time (log r/R vs log t) is presented

in Table 3. The n value varied widely but generally there is no significant difference

among the sources and rates of application.

The quantity of phosphate isotopically exchangeable within 1 minute (E-l

minute) was calculated from the corresponding values of Cp and ri/R using the

equation, Ei = 10 Cp/(rl/R) (Table 2). The E! value was highest in NCPR, and the

more reactive PRs (NCPR, JPR, APR and TPR) generally have Ei values higher

than the low reactive PRs (CIPR and CPR). The Ei increased with Cp value, and

tend to increase also with rate application of PR in the soil. The Ei value is a good

appoximation of the quantity of free phosphate ions in the solution system available

without chemical transformation to plant (Tran et al, 1988 and Salcedo et al 1991).
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The exchangeable values at 3, 6 and 9 months after PR application were

calculated using equation E(t) = 10 Cp [R/r(l)]tn (Morel and Fardeau, 1991) and

presented in Table 3.

Capacity factor describes the ability of soil to maintain the intensity factor

constant when P is added to or removed from the soil (the value of isotopically

exchangeable P at 1 minute (Ei) devided by Cp (Ei/Cp)) (Table 2). In general the

capacity factor increased with decreasing Cp and E value. There was no significant

difference for the treatments in terms of the capacity factor value with the exception

of the control (soil alone).

Pool A is the amount of P which is exchangeable with P in soil solution from

one minute to one day. Pool B the amount of P which is exchangeable with P in soil

solution from one day to three months. Pool C the amount of P which is

exchangeable with P in soil solution from three months to one year. Pool D is the

amount of P which is exchangeable with P in soil solution in more than one year.

These were calculated and presented in Table 4. The pools estimate the immediate

as well as the residual P availability in the soil.

In general Table 4 shows that NCPR is the best source to provide immediate

and residual P in the soil, CIPR is slow to release P and has the lowest immediate

or residual P availability. Conversely, TSP is superior in providing P immediately ,

but residual P availability is low. Chan (1981) reported that the residual effect of

PR was found to be significant and gave good results in acid soils at least for two
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to four years. There is no relationship between the rate of application of PR and the

P pools size.

The expected percentage of P derived from fertilizer (Pdff) in 1 minute, 1

day, 3 months and 1 year are presented in Table 5. In general, Pdff values increase

with E value and rate of P application. The ranking of PRs based on Pdff are:

TSP > NCPR > TPR > APR = JPR > CPR > CIPR

The exchangeable values at 1 minute, Cp, rt/R, Pdff and capacity factor at 9

months after PR application were calculated and presented in tables 6. In general,

the patterns of variation for all parameters at 9 months after PR application were the

same as Ex values after 1 month application of PR

Relationships between Plant P uptake and E value

The E-l minute value after 9 months of PR applications gave good

correlation with plant P uptake as shown in Figure 1. It is seen that E values

increase with plant P uptake. This indicated that the E value can be used to predict

the effectiveness of PR without the need for conducting field or green house

experiment.

However Salcedo (1991) and Wolf et al (1986) reported that the E value has

been shown to over estimate the soil available P because of over estimation of 31P

concentration in the soil. On the other hand, Kato et. al (1995) found that El value
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almost agreed with the plant P uptake and is a good indicator of available P in the

soil.

Furthermore, Kato et al (1995) stated that although Ei values over estimate

plant available P, the Ei value was could be a good index to compare the P

availability of the soil.

Relative Agronomic Effectiveness

The expected relative agronomic effectiveness after 9 months of PR

applications are presented in Table 7. The RAE (%) increase with the rate of

application . Overall, Table 7 showed that the ranking of RAE (%) is in agreement

with Pdff, which was :

NCPR > TPR > APR = JPR > CPR > CIPR

Correlation Between the Isotopically Exchangeable P and P Uptake by Oil
Palm Seedling After 9 Month of PR application.

The coefficients of correlation between P uptake and E value at 1, 40 and

100 minutes are presented in Table 8. The E value at 1 minute gave the highest

correlation with plant uptake. Cp at 1 minute also gave the highest correlation

compared to Cp values obtained after 40 and 100 minutes, and there is a good

correlation between E value and Cp for all times.
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The coefficients of correlation between P status parameters and pool

parameters of isotopically exchangeable P are presented in Table 9. The E values

were highly correlated with water soluble P (Cp), pool A and pool D.

Conclusions

The isotopic exchange method can be used to predict the phosphorus

bioavailability of fertilizers and thus for evaluating the agronomic effectiveness of P

fertilizers without the need for conducting field or glasshouse experiments. It also

has an advantage over the chemical extractants because it does not disturb the soil

components r->d there is a similarity between the isotopically exchangeable P and the

phosphate ab ^cc: by plants. The isotopic exchange technique provides the most

complete analysis of soil available phosphate, it can assess the immediate and

residual availability of P. It can also be used in the determination of relative

agronomic efficiency (RAE) of P fertilizers and also the calculation of P derived

from fertilizer (%Pdff). The E value was also a good index to estimate soil P fixing

capacity. This study showed that the ability of PR to provide P in the soil depends

on their reactivity, and a constant result was obtained among all the parameters. In

general, the ranking of PR reactivity in this study is as follows :

NCPR > TPR > APR = JPR > CPR > CIPR.
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This study also identified a good correlation between P uptake with E values

at 1 minute and P in the soil-water suspension (Cp)
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Table 1. The composition of the PRs used

P sources

TSP
NCPR
APR
TPR
JPR

CIPR

CPR

P

20.16
13.47
13.11

13.21
13.79
14.29
13.93

P2O5

46.24
30.90
30.07
30.31

31.63
32.78
31.95

CaO

19.32
45.03
46.54
45.01
40.81
34.15
42.27

CaO/P2O5

0.42
1.46
1.55

1.48
1.29
1.04
1.32

Item (%)

Fe2O3

0.79
0.28
0.09
0.08
0.67
6.31
0.24

AI2O3 (

3.21
0.89
0.79
0.58
2.63

17.07
0.89

Mesh 80

< 0.1875 mm)

46.45

99.71
52.64
78.68
86.33
95.09

Moisture

5.82
2.28
1.41
2.43
1.72
0.91
2.44



Table 2: Soil Phosphorus Status Parameters at 1 minute 1 Month after PR Application

to

Treatment

TSP
TSP
TSP
TSP
NCPR
NCPR
NCPR
NCPR
APR
APR
APR
APR
TPR
TPR
TPR
TPR
JPR
JPR
JPR
JPR
CIPR
CIPR
CIPR
CIPR
CPR
CPR
CPR
CPR
Control

Rate
(g Pkg"1

soil)
2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
0

mean
89.94 ±
99.98 +
183.96 +
240.39 ±

0.75 +
1.14 ±
1.31 1
1.50 ±
0.24 ±
0.27 ±
0.38 ±
0.41 ±
0.34 ±
0.401
0.471
0.741
0.251
0.271
0.481
0.771
0.201
0.25 1
0.361
0.441
0.161
0.191
0.391
0.331
0.021

Cp

sd
2.05
5.18
41.51
5.95
0.25 b
0.12 a
0.24 a
0.09 a
0.01 gh
0.03 bcdefg
0.10 fgh
0.10 efgh
O.lOdefgh
0 19bcdef
0.12 bcdefg
0.15bcdef
0.12 efgh
0.10 fgh
0.04 bcdefg
0.17bc
0.09 defgh
0.10 efgh
0.08 bcdefg
0.10 bcde
0.05 gh
0.07 efgh
0.24 bed
0.23 bcdefg
0.00 h

rl/R
mean
0.531
0.461
0.541
0.511
0.081
0.071
0.071
0.071
0.061
0.05 1
0.05 1
0.071
0.061

0.071
0.071
0.071
0.061
0.061
0.051
0.071
0.071
0.061
0.051
0.071
0.041
0.051
0.041
0.041
0.031

sd
0.37
0.36
0.39
0.37
0.01a
0.02 a
0.02 a
0.04 a
0.04 a
0.01a
0.01a
0.02 a
0.00 a
0.04 a
0.05 a
0.04 a
0.00 a
0.01a
0.02 a
0.06 a
0.03 a
0.01 a
0.02 a
0.03 a
0.01a
0.03 a
0.01a
0.00 a
0.01 a

E

(M
mean
3621.05 1
4195.741
6037.42 1
8837.85 1

97.89 1
177.571
187.741
235.83 1

47.76 1
54.43 1
84.44 1
63.49 1
54.99 1

62.94 1
81.531

114.741
44.191
47.21 1

101.03 1
136.801
27.39 1
42.30 1
70.43 1
72.63 1
40.441
47.78 1

100.94 1
93.121

9.091

1 Minute

gPg'1)
sd

4164.01
4368.42
5671.31
9075.57

30.52 cdef
50.35 a
16.93 abc
89.97 ab
29.52 fg
10.28 efg
6.82 efg

20.78 fg
15.02 efg
11.97 defg
44.17 efg
34.26 defg
22.21 efg
18.48 fg
37.81 defg
65.67 bcde

0.83 efg
14.08 fg
27.61 efg
47.04 cdef
21.99 efg
28.85 defg
73.42 abed
66.80 defg

4.49 g

Capacity Factor

mean
40.61 1
40.69 1
38.03 1
37.05 1
132.621
157.531
148.00 1
159.561
198.251
199.971
229.151
158.01 1
160.56 1

186.441
176.82 1
163.04 1
177.29 +
174.68 1
209.61 1
192.331
155.961
170.74 1
192.95 1
159.601
242.38 1
226.51 1
248.571
275.91 1
394.54 1

(mlg1)
sd

47.05
40.56
42.63
38.54
21.36 b
47.81 b
36.93 b
66.50 b
113.34 b
24.34 b
54.20 b
49.49 b
12.07 b
109.11b
105.12 b
69.51 b

7.60 b
47.23 b
70.27 b
120.07 b
68.63 b
32.57 b
56.16 b
82.17 b
70.24 b
89.51 b
57.04 b
15.09 ab
191.79 a

Note: Values follow by the
were not compared due to its

same letters in the same column are not significantly different at 5% level as determined by DMRT. Means for TSP
high value.



Table 3: Isotopically Exchangeable P at One Minute (El) 1 Month after PR Application

Treatment

TSP
TSP
TSP
TSP
NCPR
NCPR
NCPR
NCPR
APR
APR
APR
APR
TPR
TPR
TPR
TPR
JPR
JPR
JPR
JPR
CIPR
CIPR
CIPR
CIPR
CPR
CPR
CPR
CPR
Control

rate
(gP*g
soil)
2
4
6
8
2
4
6
g
2
4
6
8
2
4
6
g
2
4
6
8
2
4
6
8
2
4
6
8
0

n

mean
-0.07 ±
-0.013 ±
-0.026 ±
-0.043 ±
-0.134±
-0.059 ±

-0.064 ±
-0.041 +
-0.107 +
-0.019 ±
-0.076 ±
-0.101 ±
-0.133 ±
-0.13g±
-0.093 ±
-0.087 ±
-0.132 ±
-0.049 ±
-0.031 ±

-0.161 ±
-0.107±
-0.043 ±
-0.062 +
-0.125 ±
-0.107 ±
-0.090 ±
-0.088 ±
-0.100 ±
-0.040 ±

sd
0.063
0.011
0.029
0.036
0.043 ab
0.048 ab
0.053 ab
0.017 ab
0.092 ab
0.000 a
0.052 ab
0.031 ab
0.064 ab
0.156 ab
0.087 ab
0.049 ab
0.038 ab
0.048 ab
0.075 a
0.112b
0.031 ab
0.039 ab
0.049 ab
0.047 ab
0.075 ab
0.059 ab
0.020 ab
0.039 ab
0.032 ab

E 1

mean
3621 ±
4195 ±
6037 ±
8837 ±

97 ±
177 ±

187 +
235 +
47 ±
54 ±
84 +
63 ±
54 +
62 +
81±

114 ±
44 ±
47 ±

101 ±

136 ±
27 ±
42 +
70 +
72 ±
40 ±
47 ±

100 ±
93 ±
9 +

minute

sd
4164
4368
5671
9075

30 def
50abc
16 ab
89 a
29efg
lOefg
6 defg

20 defg
15efg
11 defg
44 defg
34cde
22efg
18efg
37 def
65 bed
Ofg

14efg
27 defg
47 defg
21efg
28efg
73 def
66 def
4g

E 1 day

mean
4790 ±
4380 ±
6805 ±

10864±
270 ±
278 ±

315 ±
320 ±
91 ±
62 +

156 ±
132 +
160 ±
216 ±
144 +
240 ±
116 ±
72 ±

141 ±

300 ±
60 ±
57 ±

111±
169 ±
91 ±
90 ±

194 ±
222 ±

11±

sd
3828
4262
5346
8928

116 abed
91 abed

131 abc
138 ab

3 def
l i e f
67 bedef
40 cdef

107bcdef
141 abede
49 bedef

145 abede
61 def
44 ef

105 bedef
93 ab
14 ef
21 ef
52 def
72 bedef
56 def
64 def

133bcde
217 abede

4f

E 3 month

mean
6094 +
4506 +
7437 +

12642 +
523 +
382 +

455 +
390 +
158±
67 ±

239 ±
211±
334 ±
571 ±
228 ±
392 ±
219 ±
98 ±

191 ±

390 ±
100 ±
71 ±

153 ±
297 ±
170 ±
141 ±
292 +
390 ±

13 ±

sd
3514
4186
5178
8839
305 be
186 be
293 be
188 be
70 be
12 be

156 be
85 be

311bc
475 ab

95 be
304 be
141 be
81 be

191 be
76 a
36 be
33 be
90 be

114 be
159 be
120 be
199 be
436 be

5c

E 6 month

mean
6359 +
4526 ±
7547 ±

12965 ±
581 ±
402 ±

483 ±
402 ±
173 ±
68 +

256 ±
228 ±
376 ±
667 ±
246 ±
424 ±
241 ±
103 ±
201 ±

400 ±
109 ±
74 ±

161 ±
325 ±
189 ±
151 +
312±
426 ±

14±

sd
3505
4174
5162
8847
353 be
207 be
327 be
198 be
87 be
12 be

175 be
96 be
363 be
566 ab
110 be
339 be
162 be
88 be

208 be
176 ab
41 be
35 be
97 be

127 be
185 be
132 be
212 be
484 be

5c

9 month

mean
6524 ±
4538 ±
7614 ±

13160 ±
617±
414±

500 ±
409 ±
183 +
69 ±

267 ±
238 ±
403 +
523 ±
258 ±
444 ±
256 ±
106 ±
207 ±

510 +
114 +
75 +

166 +
342 ±
201 ±
158 ±
324 ±
448 ±

14±

sd
3512
4166
5154
8856
384 be
221 be
348 be
204 be
99 be
13 be

188 be
103 be
398 be
626 ab
120 be
361 be
175 be
93 be

219 be
126 ab
45 be
37 be

102 be
136 be
202 be
139 be
220 be
515 be

5c

E 1

Mean
6646 +
4547 ±
7662 +

13302 +
645 ±
423 ±

513 ±
414±
191 ±
69 ±

275 +
245 ±
424 ±
713 ±
267 ±
458 ±
267 ±
108 ±
211 ±

712 ±
118 ±
76 ±

169 ±
356 ±
210±
163 ±
332 ±
465 ±

14 ±

year

sd
3523
4161
5149
8865
408 be
231 be
364 be
208 be
108 be
13 be

197 be
108 be
424 be
673 ab
128 be
377 be
185 be
96 be

226 be
129 ab
47 be
38 be

105 be
143 be
215bc
145 be
226 be
538 be

5c

Note: Values follow by the same letters in the same column are not significantly different at 5% level as determined by DMRT. Means for TSP were
not compared due to its high value.



Table 4: Size of P Pools in The Soil 1 Month after PR Application

Treatment Rate(gP/k First Pool (A)
gsoil) Mean sd

Second Pool (B)
Mean sd

Third Pool
Mean

552 ±
40 ±

225 +
659 +
121 ±
41 ±
58±

24 ±
33 ±
34 ±
35 ±
33 +
89 +

208 ±
39 ±
66 ±
48 ±
10±
20 ±

359 ±
17±
5±

16 +
58 ±
39 ±
22 ±
39 +
75 ±
0.83 +

(C)
sd

619
27

302
670
105 b
47 b
71b
21b
37 b
0b

41b
23 b

112b
197 ab
39 b
73 b
44 b
15 b
35 b

485a
10b
5b

16b
37 b
56 b
26 b
29 b

102 b
l b

Last Pool (D)
Mean

35761
155981
22405 1
266881
14503 ±
295741
443321
595801
153641
307411
457911
610761
150121
29793 ±
454421
603881
145391
292061
436101
569861
141761
282131
421151
55923 1
144491
28855 1
430461
572721

285.201

sd

3523
4161
5149
8865
408 op
231k
364 g
208 c
108 n

197 f
108 a
424 on
673 k
128 k
377 b
Ig5op
96 k

226 h
1244 d

47 p
3gm

105 1
143 e
215 op
1451
226 h
538 d

6q

TSP
TSP
TSP
TSP
NCPR
NCPR
NCPR
NCPR
APR
APR
APR
APR
TPR
TPR
TPR
TPR
JPR
JPR
JPR
JPR
CIPR
CIPR
CIPR
CIPR
CPR
CPR
CPR
CPR
Control

2
4
6
8
2
4
6
8
2
4
6
g
2
4
6
g
2
4
6
g
2
4
6
g
2
4
6
g
0

1170±
184 ±
76g±

20271
173 ±

101 ±
127 ±
85 +
44±
48 ±
71 ±
68 ±

105 ±
153 ±
62 ±

125 ±
72. ±
24 ±
40 ±

166 ±
33 ±
15 ±
40 ±
96 ±
51 ±
42 ±
93 ±

129 ±
2.62 ±

784
120
91

1477
98 ab
83 be

126 abc
62 be
31 be

1 be
62 be
31 be
97 be
153 abc
45 be

112 abc
46 be
33 be
87 be
55 a
13 be
15bc
39 be
36 be
53 be
45 be
63 be
151 abc
2c

13031
1261
6311

17781
2531
1031
1401
691
661
701
g31
791

1741
3551

831
1521
1021
261
491

3801
401
131
421

127 ±
791
511
9 g l

1671
2.261

1291
g4

819
1644
195 b
107 b
161b
57 b
67 b

l b
89 b
49 b

204 b
334 ab
74 b

159 b
g5b
37 b
g7b
70 a

220 b
13 b
41b
66 b

105 b
59 b
70 b

218b
2b

Note: Values follow by the same letters in the same column are not significantly different at 5% level as determined by DMRT. Means for TSP were not compared due to its high value.



Table 5:Expected P derived from Fertilizer (% Pdff) in the Soil Solution 1 Month after PR Application

Treatment

TSP
TSP
TSP
TSP
NCPR
NCPR
NCPR
NCPR
APR
APR
APR
APR
TPR
TPR
TPR
TRP
JPR
JPR
JPR
JPR
CIPR
CIPR
CIPR
CIPR
CPR
CPR
CPR
CPR
Control

Rate
(gP/kg
soil)
2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
0

% Pdffl

Mean

99.47 ±
99.52 ±
99.72 ±
99.79 ±
91.11 +
95.00 +
95.13 ±
95.64 ±
78.33 +
83.35 +
89.21 +

83.95 +
83.87 +
84.50 +
84.31 +
91.26 +
78.38 ±
81.07 +
89.88 +
91.59 +
67.04 ±
79.02 ±
87.34 +
86.53 +
75.66 ±
77.84 +
88.75 +
88.60 ±

0.00 +

min

sd
0.53
0.57
0.32
0.24
1.94
1.70
2.32
2.62
10.84
8.30

5.09
9.19
5.94
9.19
13.00
4.91
6.50
3.73
6.02
6.20
15.90
6.10
2.26
4.95
10.35
8.51
5.00
6.29
0.00

ab
a
ab
ab
abed
d
abed
abc
ab
abc
abc
ab
abc
cd
abed
a
bed
d
abed
ab
abed
abed
abc
ab

% Pdffl

Mean

99.64 +
99.53 ±
99.72 ±
99.82 +
95.57 +
95.11 ±
96.14 ±
95.62 ±
87.05 ±
81.50 ±
90.75 +

90.17 +
91.33 +
92.82 ±
90.69 +
92.74 +
89.10 +
81.68 +
89.40 +
97.14 +
80.03 +
79.18 ±
88.79 ±
92.02 +
85.37 ±
84.35 ±
91.56 +
91.74 +
0.00 +

day

sd
0.31
0.46
0.27
0.18
0.43 a
3.23 ab
1.38 a
3.19a
5.13abcdefg
5.25 efg
6.17 abede
5.96 abede
4.77 abede
4.06 abc
5.18 abede
6.12 abc
2.58 abedef
6.46 defg
6.86 abedef
0.75 a
9.07 fg
7.34 g
4.66 abedefg
5.32 abc
4.73 bedefg
6.12cdefg
5.30 abede
6.06 abc
0.00

% Pdff 3

Mean

99.70 ±
99.52 ±
99.72 ±
99.84 ±
97.03 ±
94.93 ±
96.33 ±
95.48 ±
88.91 ±
79.85 ±
91.01 ±

92.36 ±
93.98 ±
92.61 ±
92.71 ±
93.02 ±
92.32 ±
80.30 ±
87.85 ±
98.30 ±
85.34 ±
79.24 ±
88.52 ±
94.06 ±
87.44 ±
85.90 ±
92.85 ±
92.95 +
0.00 +

month

sd
0.22
0.38
0.24
0.15
0.81 ab
4.46 ab
1.82 ab
3.71 ab
8.02 abed
4.47 d
8.00 abed
5.35 abc
3.95 ab
9.31 abc
4.51 abc
7.53 ab
3.38 abc
11.99cd
8.34 abed
0.62 a
6.39 bed
8.12 d
8.65 abed
4.96 ab
7.65 abed
9.42 abed
5.24 abc
5.67 ab
0.00

% Pdffl

Mean

99.72 +
99.52 ±
99.72 ±
99.84 +
97.36 +
94.84 +
96.35 ±
95.41 ±
89.14 ±
79.25 ±
91.00 ±

92.88 ±
94.61 ±
92.08 ±
93.16 ±
93.03 ±
93.04 ±
79.63 ±
87.14 ±
98.52 +
86.67 +
79.26 +
88.27 ±
94.55 ±
87.81 +
86.11 ±
93.20 +
93.26 +

0.00 ±

year

sd
0.20
0.36
0.23
0.14
0.88 a
4.88 a
1.97 a
3.88 a
9.13 abc
4.64 c
8.64 abc
5.20 ab
3.71 a
11.06 abc
4.56 ab
7.99 ab
3.47 abc
13.73 be
8.99 abc
0.64 a
5.74 abc
8.36 c
9.97 abc
4.81a
8.29 abc

10.60 abc
5.20 ab
5.52 ab
0.00

Note: Values follow by the same letters in the same column are not significantly different at 5% level as determined by DMRT. Means for TSP were
not compared due to its high value.



Table 6: Experimental Parameters of Isotopically Exchangeable P at 9 months after PR Application

Treatment

TSP
TSP
TSP
TSP
NCPR
NCPR
NCPR
NCPR
APR
APR
APR
APR
TPR
TPR
TPR
TPR
JPR
JPR
JPR
JPR
CIPR
CIPR
CIPR
CIPR
CPR
CPR
CPR
CPR
Control

Rate
(gP/kg
soil)

2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
2
4
6
8
0

Cp
((igPmr1)

Mean sd

177.98 + 1.46
241.13 ± 7.39
429.79 ± 9.73
460.69 ± 18.43

0.67 ± 0.09 c
0.81 + 0.13 ab

0.83 ± ° - l l a b

0 9 0 + 0.08 a

0 1 7 + a 0 5 S h l

0 2 0 + 0 M ^
0 24+ ° ° 5 e f g

0.04 de
0 33 +
o i + " 0 0 1 h l j k

° - M * 0.01 ghij0 1 4 ± 0.04 ghi
0 1 5 ± 0.01 ef
0.28 + o.O9 fg
023 ± o.O5 d
0.42 + o.O6 d
0.42 + 0.05 be
0.75 + 0.02 jk
0.06 ± 0.01 jk
0.07 ± 0.01 ijk
0.07 + 0.01 hijk
0.12 + 0.02 ijk
0.07 ± 0.01 ijk
0.08 + 0.01 ijk
0 09 + 0.01 hijk
0.11 ± 0.01k
0.03 ±

ri/R

Mean sd

0.311 ± 0.019
0.405 ± 0.018
0.383 ± 0.013
0.402 + 0.018
0.048 + 0.003 ab
0 047 + 0.001 abc
0 0 3 9 ^ 0.003 c

0 0 4 1 + 0 0 4 1 b c

0 031 + 0 0 0 9 d

0:020± J^efgh

0.021 ± „' . ^ ,

0 0 1 2 1 aooih
0 0 0 9 ± 0.002 gh
0.011 ± 0 0 1 4 a

0050 ± 0.002 abc
0.047 ± o.OOl d
0.031 ± 0.000 de
0.024 ± 0.009 efg
0.018 ± 0.009 efgh
0.016 + 0.002 gh
0.011 + 0.005 efgh
0.016 ± 0.002 fgh
0.012 + 0.001 gh
0.011 ± 0.000 gh
0.010 ± 0.001 fgh
0.012 + 0.006 efgh

0.016 +

E 1 minute
(HgPg'1)

Mean sd

5736.56 ± 392.75
5957.03 + 369.89

11225.97 + 474.55
11479.29 ± 518.96

139.65 ± 25-68
171.78 ± 2 6 - 6 7

210.95 + 1 5- 6 0

216.07 + 1 8 5 1

58.96 + 2 0 ' 8 3

94 50 + 2 2 ' 7 5

138.01 ± £ ? J
154.92 + ] 9 ' 7 6

92.08 + Q

1 1 4 8 7 ± 56.26
173.60 + 5 6 5 g

260.28 + 21 23
48.82 + 6 94
89.57 + 1444
133.51 + 21.69

312.95 ± 22.35
40.07 ± 26.28
52.08 ± 10.88
68.58 + 14.23
78.10 ± 21.95
60.46 ± 13.98
74.61 + 12.60
87.28 ± 15 86
92.06 ± 9 - 2 0

23.74 ±

ef
de
cd
c
ijk
ghi
ef
ef
ghi
fgh
de
b
ijk
ghi
efg
a
Jk
ijk
hijk
hij

ijk
hij
hi
ghi
k

pdffl min
(%)

Mean sd

99.58 + 0.16
99.60 + 0.16
99.79 ± 0.09
99.79 ± 0.09
81.96 + 9.57
86.24 + 4 - 9 2

88.74 + 4 3 1

88.99 + 4 2 6

59.95 + 6 6 7

75.11 + 7 7 7

82 50 + 7 3 6

~ 5 4084.76 +
72.11 + g 9 0

79.06 ± 7 4 0

85.58 ± 2 73
91.00 ± 6 0 7

50.16 ± 1 1 8 8

72.98 ± 5 8 9

82.45 ± 2.76
92.46 + 25.26
35.21 + 10.70
51.51 ± 12.74
65.58 ± 7.16
70.46 + 1.57
61.03 ± 14.92
67.46 ± 11 05
72.71 ± 10.68
74.05 ± 0.00

0.00 +

abede
abed
abc
abc
gh
abedef
abede
abed
bedefg
abedef
abed
ab
hi
bedefg
abede
a
hi
hi
efgh
cdefg
fgh
defgh
bedefg
abedef

j

Capacity Factor

Mean

32.22
24.70
26.12
24.93

207.83
212.98
256.38
241.33
345.49
491.07
580.85

469.06
851.75
819.09
1134.06
914.04
211.70
215.20
322.50
417.49
718.92
800.71
940.33
681.62
868.99
921.08

1020.87
847.67
706.79

(ml/g)

+

±
+

+
±
±
+
±

±

±
±
±
±
±
±
±
±
+
+
+•

±
+
+

±
+

+
±

sd

1.95
1.07
0.88
1.08

11.11 g
4.36 g

18.65 g
11.45 g
117.64 fg
38.92 efg
52.71 def
34.44 efg

104.01 abed
32.72 abed

107.03 a
171.31 abc
70.32 g
9.10 g
11.24 fg
6.58 efg

505.18 bed
458.61 bed
155.35 abc
179.47 cde
145.30 abed
90.63 abc
42.57 ab
79.47 abed

243.15 bede

Note: Values follow by the same letters in the same column are not significantly different at 5% level as determined by DMRT. Means for TSP
were not compared due to its high value.



Table 7: Relative Agronomic Effectiveness of Various PRs
9 Months After PR Application

Relative Agronomic Effectiveness (%)

Treatment Rate of application (g kg"1 soil)

2 4 6 8 mean ranking

NCPR

TPR

APR

JPR

CPR

CIPR

82.30

72.41

60.20

50.37

61.29

35.36

86.59

79.38

75.42

73.27

67.73

51.72

88.93 89.17 86.75

85.77 91.19 82.18

82.67 84.94 75.81

82.63 92.65 74.73

72.86 74.20 69.02

65.72 70.61 55.85

1

2

3

4

5

6

347



Table 8: Correlation Coefficient between Isotopically Exchangeable P Values
and P Uptake by Oil Palm Seedling 9 month after PR Application

1 Minute

Parameters

Cp
E 1 min.
Cf
P Uptake

Parameters

Cp
E 1 min.
Cf
P Uptake

Parameters

Cp
E 1 min.
Cf
P Uptake

(r/R)

0.352***
-0.131
-0.844***
0.138

(r/R)

0.390***
-0.099
-0.864***
0.264

(r/R)

0.295
-0.183
-0.863***
0.107

Cp

0.830***
-0.346***
0.750***

40 Minutes

Cp

0.815***
-0.349***
0.623***

100 Minutes

Cp

0.833***
-0.247
0.537***

E 1 min.

0.037
0.880***

E 1 min.

0.086
0.675***

E 1 min.

0.197
0.607***

Cf

-0.243

Cf

-0.325***

Cf

-0.130

• Note : *** denotes 99% of confidence limit
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Table 9: Correlation CoefHcient among Status and Kinetic Parameters of Isotopically Excchange P

Parameters (r/R) Cp E 1 min. Cf Pool A PoolB PoolC

Cp

E 1 min.

Cf

Pool A

PoolB

PoolC

PoolD

0.352***

-0.131

-0.844***

0.256

0.390***

0.418***

0.131

0.830***

-0.347***

0.386***

0.240

0.194

0.449***

-0.843***

0.357***

0.115

0.042

0.490***

-0.194

-0.251

-0.257

-0.160

0.903***

0.828***

0.241

0.988***

0.144 0.119

Note : *** denotes 99% of confidence limit
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ABSTRACT:

This study was carried out to determine the level of natural radioactivity and
heavy metals content of Sudanese phosphate rocks used as low cost fertilizer.

Thirty samples collected from two types of local phosphate rocks from the
Nuba mountains (Uro and Kurun) were used in this study and the activity
concentrations of natural radioactivity determined using gamma spectroscopy
werecompared to those found in samples of imported phosphorus fertilizers Single
Super phosphate (SSP) Triple Super phosphate and (TSP). The results showed that the
226Ra activity concentration was 0.6 - 0.8 Bq/g for Uro and 0.3 - 0.5 Bq/g for Kurun.
As for the most commonly used imported fertilizer TSP, the result was found to be
greater than that of Uro ( around 1.0 Bq/g ).

The heavy metals content of Uro and Kurun rocks measured using X-Ray
Florescence Technique showed their levels were below the toxic levels reported by
Christina (1991).

It is evident that the environmental hazard is comparable in the local and
imported fertilisers and is acceptable in both cases by international standards.

The determing factor therefore in optioning for the use of a local or an imported
brand should then be the fertilizing efficiency of the brand used against other
economic consideration rather than the fertilizers environmental impact.
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1.INTRODUCTION

Fertilizers are very important in the daily life for the agricultural community
and among these fertilizers phosphates are most important for sustainable soil fertility.
Phosphorous occurs in nature almost entirely as phosphate deposits in both organic
and inorganic forms as phosphate rocks which contains many types of minerals ,the
phosphate rock deposits areas normally showed high natural radioactivity, also the
chemical phosphate fertilizers contain radioactive elements. This is why the
phosphorus constituents contribute towards most of the radioactivity associated with
radium in soil( 1-2)

Although the solubility of the rock phosphate is not that much, but it is use as low
cost fertilizer especially in the developed countries will increase the radioactivity
levels in the environment (1-3).

Considering the rock phosphate in Sudan, several minerals occurrence were
reported in Nuba Mountains including uranium phosphate (4,5,6,7) a feasibility study
was carried out by the UNEP (8) to investigate the quality of the phosphate rocks
found in the Nuba mountains and their results indicated promising performance of the
tested phosphates to be used as fertilizer.

In Sudan, an environmental monitoring program was initiated recently measure the
natural radioactivity level in soil, food and water. This results reported some places of
high level of natural radioactivity more than 50cps (9). Mukhtar concluded that the
level of natural radioactivity background at Miri area was in the range of 3 - 11 times
the normal one (10). Hassan reported that the highest counts reached in Nuba
mountains was about 6000 CPM where in some places was elevated slightly from the
normal levels (11). More studies was carried out by Nour and Saam (9,10). The mean
concentration of P2O5 measured, was 26% in Kurun and 21% in Uro (12). These levels
were reasonable according to literature and justify the use of such rocks as fertilizers.

Research findings by many scientists in Sudan have now established the response
of many commercial and food crops to phosphate fertilizers in both irrigated and rain
fed
agriculture (13). According to the FAO year book of fertilizers (14), the Sudan
consumes considerable amounts of phosphate fertilizers and these amounts are
increasing every
year because of the continued expansion in agriculture.

2. MATERIAL AND METHOD

1 . Rock phosphates sampling:
2. Triple Super Phosphate samples
3. Soil after using rock phosphate as low cost fertilizer.
4. Plant ( sorghum) used for the animal feed.

Two types of rock phosphates were collected from Nuba mountains area namely
from Jabal Kurun from three sites and Uro Hill from two sites . The rock phosphate
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samples were ground at the Geological Research Corporation, Khartoum, to pass
100% through 1.0 mm sieve as initial grinding. Then the rock samples were ground to
pass three mesh sizes ( 1.0 , 0.1 and 0.01 mm ). From the solubility test, the finest
particles (0.01 mm) were used for this study. Each rock phosphate type was applied at
four levels namely (0, 2, 10 and 20 g/pot) and each pot was filled with 4Kg soil. Also
different additives were added [16]. Pot experiments for three different seasons were
carried out at the University of Khartoum, Faculty of Agriculture, Green House,
Shambat, The tested crop was forage Sorghum bicolor (Abu sabien). Surface samples
of Shambat soil (0-30) cm were used in the experiments. Certified seeds of Sorghum
were obtained from the Faculty of Agriculture, Department of Agronomy.

The level of radionuclides for the samples was measured by the low level
counting consist of the following:
1. Pure coaxial germanium detector with 12% relative efficiency and 1.8 KeV

FWHM for 1173.2 KeV of 60Co.
2. Electronic package system for pulse processing.
3. An IBM compatible HCS microcomputer analyser, data

display and storage system.
4. GDR and GP'WORKSHEET software for data analysis.

An accurate weight of each sample was weighed in a Mernelli beaker which was
made specially to be loaded in the gamma detector. The sample was then sealed for
three weeks to maintain secular equilibrium. Energy, efficiency and shape calibration
were done using a standard of multi radionuclides in one kg marnelli sealed beaker.
The acquisition time per spectrum was ranging from 4000 to 60000 seconds.The
heavy metals were determined by the X-ray fluorescence spectrometer modle2020 .

RESULTS AND DISCUSSIONS

Data in table (1) showed the concentration of radionuclides for Uro and Kurun
rock phosphates and TSP . It was observed that Uro area has higher radioactivity than
Kurun.

Table 1:
The Specific activity of Phosphate

Radio-
nuclide
238 U
234 Th.
226 Ra
214 Rb
214 B i

40 j .

UPR1

1.970
1.550
1.980
1.860
1.620
_____

UPR
2
1.070
0.870
0.890
0.940
0.770
0.140

KPR1

0.740
0.580
0.740
0.730
0.630
0.040

sources

KPR2

0.850
0.630
0.860
0.790
0.640
0.050

KPR3

0.830
0.640
0.860
0.790
0.680
0.060

TSP

1.590
0.950
1.880
0.870
0.650
0.040

Data in Table 2) showed the mean values of Cobalt, Copper, Zinc, Iron, Lead
Mangnese Titanium , Molybdenum and Nickel as percentage of the rock samples as
compared with certified reference material (Soil 5) which was undertaken by the

IAEA
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to evaluate the accuracy of analytical procedure for determining heavy metals
in geological and environmental materials

Table 2:
Heavy metals content

Phosphate
Type
UPR
KPR
TSP

Co

0.002
0.001
0.002

of Phosphate

Cu

0.018
0.086
0.065

Zn

0.058
0.085
0.060

sources:

Fe

0.740
0.480
0.520

Pb

0.001
0.002
0.001

U

0.
0.
0.

035
014
042

Mn

0.034
0.074
0.023

Ti

0.074
0.048
0.052

Mo

0.001
0.002
0.001

Ni

0.008
0.004
0.005

The values of heavy metals content were seem to be considerable and in the
proper levels i.e. below the toxic levels reported by Schung (14) . The phosphate

rock
from different sites provide not only phosphorous but also some essential

micronutrients.
Some of these heavy metals were closely associated with radioactive decay and hence
radiation emission.

Tables (3) and (4) represent the mean values of 226Ra concentration in the soil
as resulted from the previous application of Uro and Kurun rock types for season one
and three, respectively

Table 3:
The specific activity of the treated soilsfseason 1)

Rock Type Rock Level Radionuclides cone. .Bq/Kg
(g/4Kg soil) 226Ra 214 Pb 2M Bi 40 K

Uro

Kurun

0
2

10
20

2
10
20

2.55
68.500

124.000
168.000
49.800
76.500

120.000

2.040
17.900
34.100
79.300
15.600
18.100
36.700

1.390
20.600
30.800
80.900
13.700
24.000
47.800

1.200
120.000
289.000
449.000
204.000
128.000
300.000
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Table 4:
The specific activity of the treated soils (season III)

Rock Type Rock Level Radionuclides cone. (Bq/Kg)
(g/4Kgsoil) 226Ra 214Pb 214 Bi 40 K

Uro

Kurun

0
2

10
20

2
10
20

2.210
49.500

104.000
184.000

15.000
67.100
92.100

2.260
37.000
82.600

155.000
14.200
49.200
46.100

2.000
32.000
73.300

135.400
20.000
49.200
60.200

310.000
342.000
364.000
383.000
311.000
342.000
345.000

Although the higher concentration of the estimated 226Ra was not that
significant

in season three but it might be due to the residual effect. Uro treated soil always
showed

the highest concentration when compared with the difference was insignificant. The
concentration of the radionuclides for sorghum in season two was less than that of

both
seasons one and three. There was no justification for that but for season three although
the difference was not that significant but the higher concentration might be due to the
residual effect. Table 5 showed the radionuclides concentration on the test crop
during the three seasons, The recorded values were very their rang is below the
recommended level which was stated as above 25Bq/Kg for cereals (UNSCEAR

1888).

Table (5) ;
Sorghum specific activity in the three seasons:

Season

Season I

Season II

Uro
Kurun

Uro
Kurun

226 Ra

1.200
0.400

0.900
0.300

Radionulides
214 p b

0.900
0.500

0.800
0.200

(Bq/Kg)
214 Bi
1.000
0.400

0.700
0.300

40 K

8.700
8.700

9.000
7.500

Season III Uro 1.400 1.600 1.300 16.500
Kurun 0.600 0.400 0.500 9.500
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The values of the transfer factor of 226Ra from soil to the nourished sorghum
calculated for Uro and Kurun for both seasons one and three is found to be 0.01.
Considering this factor, it is clear that it is of low value which can not prevent the use
of local rock phosphate in fertilizing food and fodder crops. On the other hand the
residual radioactivity measured after season three (72 and 104 Bq/Kg) showed no
difference when compared with that of 226Ra, in soil from an area under Sugarcane
with long term phosphate fertilization "(50 -102 Bq/Kg) Mokhtar [13].

REFERENCES
[I] " The Environmental Behavior of Radium ". V 1 & 2,1 AEA, Technical Report

Series No. 310, Vienna, (1990).
[2] Grittiths, E. J.; Beeton, A; Spence, J. M.Environmental Phosphorus Handbook.

Jone Wiley, New York (1973)
[3] Stewart, E.; Allen. Chemical analysis of ecological materials, materials. Black

well . Scientific publications Oxford (1989).
[4] Gamal, M : The Geology and Structure of Elbitera Area, Northeast Nuba

Mountain, Sudan, M.Sc. Thesis University of Khartoum(1987).
[5] Hassan, A. :Prospecting Method for Uranium and other associated

Minerlazation the Nuba mountain, Sudan.M.Sc. Thesis University of Khartoum
(1989)

[6] Khalil, B. : Geology and mineral prospecting for mineral deposits in the
Precambria basement complex of the Nuba mountain, Sudan. 6th conference of
the Geology Society of Africa Nairobi (1984)

[7] Kiskkola.: The possibilities to produce low cost fertilizer/Soil Amlliorants in
Sudan Assessment study for UN Environment Program, Activity Centre
Nairobi, Kenya Pt/8 number 88-00283 (1989

[8] Now, S. M.: Radioactivity in Uro and Kurun area. M.Sc. Thesis, University of
Khartoum, Sudan (1993 ).

[9] Saam, A. K. : Radionuclides concentration on plant materials from different
areas in Sudan. M. Sc. Thesis, University of Khartoum. (1993 ).

[10] Mukhtar, O. M. Environmental study s for radionuclides at Miri lake area. Ph.
D. Thesis, University of Khartoum, Sudan

[II] Inaam A. A. S.: Investigation on the use of Nuba mountains phosphate rocks in
agriculture. M. Sc. Thesis, University of Khartoum, Sudan ( 1993 ).

[12] Sokrab, A. H. M.: The effect of phosphors and potassium fertilization on
production and quality of Abu-Sabien fodder grown on salt affected soil. M. Sc.
Thesis, University of Khartoum (1983).

[13] FAO Yearbook of Fertilizer Volume 39 (1989 ).
[14] Schung-E Soil and plant analysis in view of sustainable agriculture.

International Symposium on Soil test and Plant analysis , the Netherlands
(1995)

356



MY9800995

Prediction of the Number of 14 MeV Neutron Elastically
Scattered from Large Sample of Aluminium Using

Monte Carlo Simulation Method

Husin Bin Wagiran and Wan Mohd Nasir Wan Kadir
Physics Department, Faculty of Science

Universiti Teknologi Malaysia,
Locked Bag 809900,

Johor Bahru, Johor, Malaysia

Abstract
In neutron scattering processes, the effect of multiple scattering is to cause an effective increase in
the measured cross-sections due to increase on the probability of neutron scattering interactions
in the sample. Analysis of how the effective cross-section varies with thickness is very complicated
due to complicated sample geometry and the variations of scattering cross-section' with energy.
Monte Carlo method is one of the possible method for treating the multiple scattering processes in
the extended sample. In this method a lot of approximations have to be made and the accurate
data of microscopic cross-sections are needed at various angles. In the present work, a Monte
Carlo simulation programme suitable for a small computer was developed. The programme was
capable of predicting the number of neutrons scattered from various thicknesses of aluminium
samples at all possible angles between 0° to 180° with 10° increments. In order to make the
programme not to complicated and capable of being run on microcomputer with reasonable time,
the calculation was done in two dimension co-ordinate system. The number of neutrons predicted
from this model show in good agreement with previous experimental results.

Introduction
Information on the angular distribution of neutron elastic scattering is of considerable interest and
can be obtained by the study of scattering of neutron in large sample. As the thickness of the
sample will be extensive, multiple scattering will play an important role in the scattering of fast
neutron in the materials. The effect of multiple scattering is to cause an effective increase on the
probability of neutron scattering interaction in the sample. Analysis of how the effective cross-
section varies with thickness is very complicated due to the complicated sample geometry and the
variations of scattering cross-section with energy. Monte Carlo method is one of the possible
method for treating the multiple scattering processes in the extended sample. However, in using
this method a lot of approximations have to be made and accurate data of microscopic cross-
sections are needed at various neutron energies.

Monte Carlo method requires the used of large computing facilities with the capability of
random number generation and large virtual storage space. In this method, a number of source
neutrons are considered to travel through a system and the individual neutron histories are traced.
Random numbers are used to determine the squence of events in each neutron's life history in a
particular manner. In the present work, a Monte Carlo simulation programme suitable for a small
computer was developed. The programme was capable of predicting the number of neutrons
scattered from various thicknesses of the sample at all possible angle between 0° to 360° with 10°
increments. In order to make the programme not to complicated and capable of being run on
microcomputer with reasonable time, the calculation was done in two dimension co-ordinate
system. The programme was written in Turbo Pascal and run on the IBM PC.

Description of the Model
Monte Carlo method which has been widely employed in neutron transport problem, is based on
the simulation of the physical events which take place inside the material because an incident
neutron. Random numbers are used to determined the sequence of events in each neutron life
history in the material. In reaction between nuclei and neutron the sequence of events are
determined by means of effective cross-sections.
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Consider a mono-energetic neutrons with energy E and intensity No incident upon a
sample of thickness x as shown in Figure 1. The problem of the neutron histories was traced by the
following subsections.

( 0 , 0 )

Figure 1: Block diagram to calculate the passage of neutrons using Monte Carlo method.

1 Choose point of interaction
Assuming that neutrons enter the material with 0° before first interaction occurs. The

point of interaction was chosen based on the width of the sample irradiated by neutron beam. In
order to make the results to be compared with the previous experimental results [1], the width of
the sample irradiated by neutrons beam at horizontal direction was chosen as 4.2 cm. Therefore,
the point of interaction is given by the following equation,

(1)

where, R is the random number generated (between 0 to 1)

2. Calculation of distance travel
Consider n0 neutrons incident into a block of material. The number of neutrons, A'

remaining after passed through a thickness x is given by,

or
N =noe

-ilk (2)

where I = I / A and X is the mean free path of the neutron in the material.
The probability of a neutron being absorbed is (\-N/n0) and hence the probability of it not

being absorbed is N/n0. Therefore, by generating a random number P where P=e"u, the
distance of the neutron travel in the material can be calculated by the following equation,

(3)
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However, 0 < P < 1, therefore, if P = 0, then x is infinite. Hence the expression,

is used because P is never 1 and x can never infinite. The value of x is then tested by the following
conditions,

i) If x > a , then the neutron has escaped from the material.
ii) If x < a , then the neutron has escaped from the material,

where a is the distance to edge of the sample from the point of interaction. If condition (i) is
obeyed then the neutron history is terminated. If the condition (ii) is obeyed, then the history
continues into the next section.

3 Type of interaction.
In neutron physics, reactions between nuclei and neutrons are ordinarily described by

means of partial cross-sections. Since the cross-sections are of the form,

I r =!,+!„ (5)

then the probability of scattering and absorption are Zv / Z 7 and Z a / Z 7 respectively, where,

Z r is the macroscopic total cross-section Zv the macroscopic elastic scattering cross-section and

T,a the macroscopic absorption cross-section.
These probabilities can be represented as lengths of a line of the following figure,

I I I
0 Ii I.+I.

In order to determine the type of interaction, another random number, v is generated and tested
against the following conditions

i) If v > ——, then absorption occurs.

ii) If v > — - , the scattering occurs

If condition (i) is observed the neutron history is terminated and the next neutron is
allowed to pass through the sample. If condition (ii) is chosen the problem proceeds to the next
section of the programme.

4. Choice of scattering angle
This Monte Carlo programme was capable to predict the number of neutrons scattered at

all possible angles between 0° to 350° with 10° increments. A similar approach to the method
described in section 3 was used. The probabilities of the neutron being scattered through each
angle can be considered as the length of each segment of the following figure,

I I I I
0 q(0") a(0")+cr(l0") l

where,

(6)

da/dCl is the differential elastic scattering cross section, AQ the solid angle and a = ofO") +

o(\0o) +o(20Q0) + 0(30°) + + a(350o) is the integrated elastic scattering cross-section.
The computer then generate a random number R, and tests by the following conditions.

If R<ofO°), then 0=0°, else
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If R < o(0o)+ a()O")/a, then (9=10°, else

If R < a(0o)+ o(\0o) + + af}40°)+ af350°;/cr, then 0= 350°

The computer goes through each comparison in order to choose the scattering angle for
each interaction.

5. Calculation of energy and mean free path.
As we are concerned only on the elastic scattering process, the fraction of energy retained

at each interaction can be calculated from the conservation of momentum and energy in the center
of mass system and laboratory system. If gives [2],

£ ' A1 +2ACos<p+\

and

CosO-- AC°S<P + \]/2 (7)
(A + 2ACos<p + \y

where,
A = the mass of the nuclei,
<p = center of mass scattering angle,
0 = laboratory scattering angle.
In term of laboratory scattering angle, equation (7) can be written as

The new mean free path of scattered neutron was calculated by the following
simplification. As the probability of an interaction occurring is proportional to the time the neutron
spends near the nucleus, therefore,

a a - (9)
v

where, v is the velocity of neutron.
The kinetic energy of neutron is given by,

£ = -mv 2 (10)

therefore, equation (10) can be written as
1

a a

The mean free path of neutron is,

Z no
therefore,

X a -fi
Hence,

K = KQfJSf)
where Xn is the mean free path after interaction, A,, mean free path before interaction and Q{8) the
fraction of energy retained.

Result and discussion
The aim of the Monte Carlo calculation is to predict the angular distributions of elastic scattered
neutrons from various thicknesses of aluminium samples. The thicknesses up to 2 mean free path
were investigated. The differential elastic scattering cross-sections used in this calculation were
taken from ENDF B-IV [3]. In order to obtain greater accuracy, the programme was run for 106

neutrons for each thickness of the sample. The programme was written in Turbo Pascal and run in
IBM PC.
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Figure 2 shows the angular distributions of the number of elastic scattered neutrons at
various thicknesses of aluminium sample. The figure shows that the number of elastic scattered
neutrons predicted by this model are in reasonable agreement with the previous experimental
results [1]

In the present calculation, neutrons are assumed to enter the material at 0° direction
before first interaction occur. From the calculation, the results showed that the number of neutrons
scattered at 0° decrease as the thickness of the sample increase. This is because the thicker the
sample, the greater the chance of neutron is deflected from straight ahead direction. Because of
this, the number of neutrons scattered at angles between 10° to 180° increase as the thickness
increase especially at higher angles.

From the calculation it was shown that the number of neutrons scattered at angles greater
than 180° have a similar behaviour. Figure 3 shows an example of the symmetric behaviour of the
angular distribution of the scattered neutrons at angles from 0° to 350° from 3.81 cm thickness of
aluminium sample.

The validation of the model
In order to check the validation of the model, the differential scattering cross-sections were
calculated from the number of neutrons predicted by this model. The differential elastic scattering
cross-sections were calculated from the following equation[2],

do , , Nt(0)a
-^(0) = —f -, ^ — (io)
« " «0[l-exp(-HOx)jAfi

where
Nc(&) = the number of scattered neutrons predicted from the model,
AQ = the solid angle,
a = the total cross-section,
x = the thickness of the sample,
n = the number of nuclei per cm3.

The differential elastic scattering cross-sections calculated by above equation were
compared with the input data of ENDF-BIV [3]. As for example, Figure 4 shows the result for
aluminium of 3.81 cm thickness. The solid line that appears in the figure is the differential elastic
scattering cross-sections from ENDF BIV. The result of differential cross-sections predicted by
this model are in reasonable agreement with the input data, However, the results predicted at
angles between 80° to 100° are much lower than ENDF BIV data. The reason for this is that, at
these angles neutrons have maximum thickness to penetrate into the sample because of the
rectangular shape of the sample geometry. Because of this, the chance of neutrons escape from the
sample at these angles is less compares to other angles.

References
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[2] Knoll G.F, Radiation Detection and Measurement, 2nd Edition, John Waley and Sons, 1989.
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Figure 2: The angular distributions of the number of scattered neutrons from various
thicknesses of aluminium calculated from Monte Carlo method
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Figure 4: The angular distribution of the differential elastic scattering cross-section
calculated from Monte Carlo model for 3.081 cm thickness of aluminium.
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Abstract

Results of a field experiment on the effects of two irrigation treatments and rain-fed
on yield and crop water use of groundnut is presented in this paper. Yield of
groundnut (3.1 t. ha"1 and 3.2 t. ha"1 respectively) show good response to both
irrigation treatments when earlier flowering stage coincide with a dry period. Data on
changes in soil water content with time, measured by a neutron moisture gauge was
used to estimate crop water use/crop evapotranspiration using a water balance
approach in the presence of a zero flux plane. The low water use of groundnut (64.5
mm) grown in the rain-fed plot when compared to both in the irrigated plots-(124.5
mm and 152 mm respectively) during a dry period resulted in a low yield of 1.9 t. ha"
1. In the rain-fed plot, from early flowering to the start of pod setting stage, the soil at
20 cm depth constantly dry, as indicated by a continuously decreasing value of the
hydraulic head value to < -70 kPa. With the yield response factor ky for flowering
stage being 0.74, the decrease in groundnut yield due to water deficit during flowering
stage is relatively large.

Introduction

In Malaysia, groundnuts are mostly raised as a rain-fed crop under various soil
environment. Although the total amount of rain is more than sufficient for rain-fed
agriculture, a 10- to 20-day drought often occurs during the cropping season owing to
the duration and distribution of rainfall not being uniform [1]. Moreover, because
Malaysian soils typically have a low capacity for retaining water which causes rapid
drying of the soil surface during the dry season, an internal water deficit is induced in
shallow rooting annual crops like groundnut which affect their growth. Therefore,
rainfall patterns within each cropping season may account for variations in yield
obtained from season to season. It has been reported that water deficit affects
groundnut growth causing large decrease in yield [2,3,4]. However, the magnitude of
yield response to water deficit depends on the stage of crop growth. Hence, the
objective of this study was to determine the yield response and water use of groundnut
to irrigation treatments compared with rainfed treatment during a dry period.
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Materials and Methods

A field plot experiment was conducted on a Serdang colluvial soil. The experimental
area was divided into three 18 m x 30 m plots for rainfed and irrigated treatments.
Seeds of a new groundnut variety MKT1 were sown at a spacing of 45 x 30 cm. Three
treatments were applied : A was rainfed as a control, B was an irrigated treatment
based on 7-day intervals and C was an irrigated treatment based on the 20 cm depth
tensiometer reading -30 kPa or less. The soil water content in the 100-cm soil profile
was measured before and after each irrigation using a Troxler neutron moisture gauge
model 4300. Prior to flowering stage, the hydraulic head of the soil water was
measured with the tensiometers twice a week and daily measurements after flowering
stage. Class A pan evaporation, rainfall and wind speed were recorded daily, to
estimate ETo using Pan Evaporation Method [5]. Crop coefficient (Kc) values for the
initial, mid -season and late season stages were obtained. A Water balance approach
with the presence of a zero flux plane was used to evaluate crop
evapotranspiration/crop water use for each treatment. Dry pod weight yields were
measured from plants harvested at maturity from an area of 16m2 from each plot.

Results and Discussion

The yields obtained with irrigation treatment B and C applied during flowering stage
were 3.1 and 3.2 t.ha"1, respectively (Figure 1). A total application of 50.7 mm of
water for treatment B with water applied during flowering stage did not increase the
yield over that for treatment C with an application of only 38.8 mm of water.
However, the yields obtained from both irrigated treatments were nearly double the
1.92 t.ha'1 yield attained in the rainfed plot. These data indicated that groundnut
variety MKT1 is responsive to irrigation.

"a

a

Ranfed IrrigdedC IrrigdedB

Figure 1 : Yield Response of Groundnut to Irrigation Applied
During Flowering Stage

The crop water use/crop evapotranspiration estimates and precipitation values for
every 10 days during the growing period of groundnut is presented in Figure 2. The
crop received a total amount of rain equal to 752 mm over a 105 day growing period.
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In general, rainfall exceeded crop evapotranspiration. However, the month of August
was relatively dry with only 38 mm of rainfall, an average of 1.22 mm day"1. Hence,
during this limited rainfall period which coincided with flowering stage (30 - 60 days
after planting (DAP)) evapotranspiration demand exceeded rainfall. Rainfed crops at
this stage were exposed to water stress and water deficit developed in the plant.
Irrigation water was applied during this period to the irrigated plots, the total
application being 50.7 mm and 38.8 mm for treatments B and C respectively. A plane
of zero flux existed at 30 to 80 cm soil depth in all plot over this period. Crop water
use/evapotranspiration was calculated using a water balance approach with the
presence of the zero plane flux. An example of the calculation is shown in Table
l.The average evapotranspiration during flowering stage were 5.06 mm day-1, 4.15
mm day-1 and 2.15 mm day-1 for Irrigation treatment C, treatment B and rainfed
respectively. Irrigation treatment C gave the highest evapotranspiration of 152 mm
whereas that for teatment B was 124.5 mm for a period of 30 days during the
flowering stage. The evapotranspiration was low (64.5 mm) in the rainfed plot.
Clearly the low water use of groundnut at flowering stage under rainfed condition
resulted in low yield as shown in Figure 1.

LLJ

measured measured measured
rainfed irrigatedB irrigatedC/

JJy

Evapotranspiration P reci pi tati on

Figure 2 : Precipitation and Evapotranspiration Profiles During the

Growing Period

Figure 3 shows hydraulic head versus time from 30 DAP to 60 DAP for all three
treatments. Observations of hydraulic head at 20 cm depth as a function of time reveal
that irrigation relieved the soil from being continuously dry. In contrast, the soil at 20
cm depth in the rainfed plot becomes much drier before each rain as indicated by
values of the hydraulic head eventually reaching -70 kPa.
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Table 1. Evapotranspiration in the presence of the plane of zero flux for selected plot during flowering stage

Days after
planting

33

35

38

» 43

47

50

52

54

Plane of zero
flux depth

(cm)

30

40

50

40

50

50

60

60

Period

Days after
planting

30-35

33-38

36-40

40-47

43-50

47-52

50-55

51-56

Change in
storage

(mm)

-7.9

-10.1

6.4

-18.6

-7.9

8.0

12.4

15.2

Precipitation

(mm)

0.5

11.7

11.2

1.0

5.7

6.4

97.8

96.1

Irrigation

(mm)

-

8.4

8.4

-

18.4

18.4

9.2

-

Total Evapotranspiration

Average

Evapotranspiration

Total (mm)

7.7

14.0

15.3

14.8

12.0

22.3

35.1

121.2 mm

5.8 mm.day"1



Days after planting(DAP) I I I Rain

-20cmR —•—20cmB
40cmB -• 40cmC

-20cmC o- 40cmR

Figure 3: Hydraulic Head Proflles at 20 cm and 40 cm depths
for Rainfed, Irrigation Treatments B and C

The generalized effect of water deficit on yield for the flowering stage in the
experiment is shown in figure 4. The value of the yield response factor ky is 0.74,
comparable with 0.8 reported for groundnut at the flowering stage [6]. The value
indicates that the decrease in yield owing to water deficit during flowering stage is
relatively large, i.e a 50% deficit in relative evapotranspiration will cause a 40%
decrease in yield.

0.8 0.6

Ky = 0.74 at flowering stage

0.1

0.2 E

0.3' J

- 0.4 T̂ -

- 0.5

0.6

Figure 4 : Relationship between Relative Yield Decrease (1- Ya/Ym) and
Relative Evapotranspiration Deficit (1 - ETa/ETm) for Groundnut at Flowering
Stage
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The results of this investigation indicated that groundnut responds to irrigation
applied at flowering stage during a dry period to produce a high yield. Total crop
water requirement at flowering stage is between 120 - 130 mm. A water deficit during
flowering stage reduced the pod yield of groundnut by 40 % with 50 % deficit in
evapotranspiration. Therefore for groundnut grown under supplemental irrigation the
water application must be programmed so that sufficient water is available in the soil
particulary during the flowering stage. Alternatively, with appropriate meteorological
records, sowing time could be adjusted so that the flowering stage did not coincide
with a normally dry period.
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Abstract

The ability to accurately predict the void fraction of the different phases flowing
in a conduit is of extreme importance to the nuclear and oil industries, among others.
Some of the major obstacles in performing accurate measurements result directly from
the operating conditions of the system involved. The case study in this paper will focus
on the issue of predicting the volumetric fraction in oil transport pipelines.

Gamma densitometer utilizes the concept of gamma attenuation in matter where
the magnitude of attenuation is directly related to the density of the material through
which the gamma ray passes, and to the intensity of the ray itself. By calibrating the
gamma ray with a variety of known flow geometries, one can extrapolate the findings
to cover all ranges of flow regimes present in a large horizontal pipe, typical of an oil
transport pipeline.

The advantage of using gamma densitometers is that it is a non-intrusive
technique, relatively inexpensive and portable. Its main disadvantage is that the
collimated beam of the gamma ray will produce a line averaged value and local
information can not be obtained. Another disadvantage has to do with the necessity to
increase the strength of the gamma source with increase in the thickness and/or density
of the pipe wall which will require increased radiation protection and reduces
portability.

Introduction

Void fraction is one of the most important parameters characterizing
multiphase flow. The prediction of the performance of any system operating with more
than single phase relies on our knowledge and ability to measure void fraction. Several
techniques have been devised to measure void fraction which include: volumetric,
electrical, optical, ultrasonic and radiation methods. Void fraction measurements can
be divided into local, average and global measurements. Average void fraction
measurement usually indicates averaging over cord length, area or volume whereas
time averaging is usually implicitly included in the measurement. Most of the reported
void fraction measurements are for steady flows. Excellent reviews on the subject are
available in Schrock (1969), Hewitt and Lovegrove (1976), Hewitt (1978) and Eberle
et al. (1992).
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The gamma-ray attenuation technique, a radiation measurement principle, has
been widely used for void fraction measurements. This technique has been used since
the mid 50s to measure void fraction in simple adiabatic air-water flows and in high
pressure boiling flows. Some of the advantages of the gamma-ray attenuation
technique are listed below:

1. Non-intrusive
2. Relatively inexpensive
3. Generally reliable
4. Applicable to a wide range of systems due to availability of different gamma-ray

energies suitable for different test section material and test fluids
5. Relatively simple
6. Usually portable
7. May be used with two- and three-phase flows
8. Depending on the size of the conduit, it can give average volume, average are, or

average cord length measurements
9. Use of one-shot or traverse measurements are both feasible
10. The use of single- or multi-beam configuration, single- or dual-energy sources is

feasible

Some of the disadvantages of using the gamma-ray attenuation technique are
listed below:

1. Radioactive source
2. Increasing shielding requirement with increase in the source strength needed for

transient measurement resulting in increased weight and size of the instrument and
becoming less portable

3. Decrease in the gamma-beam sensitivity to water content in the test section with
increase in the gamma-ray energy whereas a low energy gamma-ray will experience
heavy attenuation and a very intense source will be needed to compensate

4. Relatively long decay constants for the scintillators with high conversion
efficiencies, and conversely a low conversion efficiency for the scintillators with
relatively short decay constant resulting in a practical limit on the maximum count
rate of the scintillator detector

5. If the scintillator is operated in the current mode, as the case was in the early stages
of the utilization of this technique, then output signal will suffer from drift

6. For one-shot gamma-ray attenuation technique used with a conduit that has a
hydraulic diameter larger than the size of the beam, the phasic flow structure is
needed to be known a priori in order to provide meaningful results

Literature survey

Single beam

Cook and Rhodes (1955) and Cook (1956) conducted a series of mock-up
studies using Lucite to simulate a number of varied flow regimes and void distribution
profiles. Lucite is used due to its close linear attenuation coefficient to that of water.
The analysis covered the effects of void distribution with respect to source and
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detector locations as well as channel dimensions. Similar experiment was performed by
Egen et al. (1957) using rectangular test section at high pressure and a Tm-170 source.
Table 1 shows some of the isotopes used for gamma densitometry, reproduced from
Chan and Banerjee (1981). A traversing point-by-point chord average measurement
was performed. The authors studied the effect of void distribution on the measurement
and noted that it is one of the most important factors.

Petrick (1958) and Petrick and Swanson (1958, 1959) studied adiabatic two-
phase flow in rectangular channels and in expanding and contracting flow geometries.
A comparative study of the one-shot versus the traversing method using Lucite mock-
ups was performed. The authors concluded that the measurement error increases with
increase in the channel size for the one-shot technique which was in agreement with the
results of Cook and Rhodes (1955). All the above measurements were for vertical
upward flow. Richardson (1959) measured the void fraction in horizontal two-phase
flow. He evaluated the one-shot and the traversing techniques using Lucite mock-ups
for both rectangular and circular flow fields and studied the effect of the detector's
collimator size on the accuracy of void fraction. Isbin et al. (1957, 1959) used two
different sources, namely Se-75 and Tm-170, to measure void fraction in horizontal
steam-water systems.

Measurements in tubes

The driving force behind developing void fraction measurement by using
gamma-ray attenuation technique was the need to understand complex behavior
thermal-hydraulic behavior in nuclear systems. Consequently, most of the published
data on this topic focused on two-phase single component media. The majority of the
published work reported measurements made using a vertical tube. Hewitt (1978) cited
a group of studies from mid 50s to late 70s that were published on gamma-ray
attenuation technique measurements in vertical tubes.

Yano (1983, 1984) measured the void fraction caused by flash vaporization of
high-pressure and temperature water under an instantaneous 6" pipe break accident of
a boiling water reactor using a fast response gamma densitometer. A calibration test
was performed by dropping acrylic void simulators and measuring the void fraction.
The author reported that a cone slit method is very useful in increasing measurement
accuracy.

Kawaji (1984) used a narrow beam gamma densitometer to measure void
fraction during reflood of a hot vertical tube, 14.3 mm inside diameter. Kachnik et al.
(1986) measured the void fraction during condensation under microgravity conditions
using a gamma densitometer. Spindler et al. (1988) measured the void fraction in
steady-state and transient two-phase flow of Freon-12. The authors used a 500 mCi
Am-241 source. Ralph et al. (1989) developed an axially traversing one-shot gamma
densitometer to obtain axial void fraction profiles downstream of the quench front
during bottom reflooding of hot tube where the quench front location was controlled
by the hot-patch technique.

Jiang and Rezkallah (1993) measured the void fraction in a small vertical tube
during upward and downward flow of an adiabatic two-phase mixture. They utilized a
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Cs-137 source and an Nal detector in the count mode. The void fraction measurements
were calibrated against readings from a quick-closing valves. The results indicated that
there is no significant influence of the tube diameter on the results obtained using the
gamma densitometry measuring technique.

A single beam gamma densitometer was used for axial void fraction profile
measurements and interfacial area concentration in low pressure subcooled flow boiling
by Zeitoun et al. (1994) and by Zeitoun and Shoukri (1995, 1997). The authors used a
75 mCi Co-57 sealed line source and a cubic Nal(Tl) scintillator operating in the count
mode. The beam was collimated as a thin beam wide enough to cover the entire cross-
section for measuring the area-averaged void fraction. The densitometer was calibrated
using a Lucite mock-up of the subcooled flow boiling regime.

Measurements in other geometries

Evangelisti and Lupoli (1969) measured the void fraction in annular channel at
atmospheric pressure using gamma-ray attenuation technique using Tm-170asthe
gamma-ray source. The authors studied the effect of void distribution during subcooled
boiling on the void fraction measurement using Lucite mock-ups. Both the one-shot
method and the traversing method were evaluated and the authors concluded that the
traversing method produces more accurate results. Other measurements using gamma-
ray attenuation technique in annular geometry were reported by Zakharova et al.
(1970), Staengl and Mayinger (1989) and by Zuzhi et al. (1990).

Gustafsson and Kjellen (1971), Felde (1982), Bukhari (1985) and Kumamaru et
al. (1994) reported using gamma-ray attenuation technique in void fraction
measurement in rod bundle geometry.

Vorgin (1963), Hammit et al. (1964) and Smith et al. (1964) reported
measurements of void fraction in converging-diverging nozzles using the gamma-ray
attenuation technique. Gamma densitometry was used to measure void fraction in small
nozzles operating at high pressure (4.5-15.0 MPa) by Lin et al. (1980). Honan and
Lahey (1978) reported using gamma densitometry to study phase separation in wyes
and tees by measuring chordal averaged void fraction in the junction.

Multi-beam measurements

Multi-beam gamma absorption devices are reported by Heidrick et al. (1975),
Ybarrando (1975), Lassahn (1975, 1977), Wesley (1977), Franger et al. (1977),
Reimann and John (1978), Loeffel (1982), Sonneck (1983) and by Adam et al. (1987).
Heidrick et al. (1975) developed a single source and three detector system to measure
void fraction of a steam-water mixture flow in a 3" pipe using a 25 Ci Cs-137 source.
A computational procedure was used to verify the steady state capability of this 3-
beam gamma densitometer. The computational procedure was compared to
measurements using Lucite mock-ups inserted in the pipe. The accuracy of the
measurement degraded to about 30% for low void fraction values in the flat stratified
flow regimes. John et al. (1979) used a 5-beam gamma densitometer to measure void
fraction in a steam-water mixture inside a 50 mm pipe at 150 bar. All five beam were
collimated from a single source and the result was compared with measurement made
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using a 3-beam and a traversing densitometers. An additional reference beam was used
in conjunction with the 5-beam densitometer to correct for the system electronic drifts.

The multi-beam system used in the LOFT blowdown experiment to measure
void fraction and delineate the flow pattern in a horizontal tube during blowdown using
a 30 Ci Cs-137 source. Using a single source, a collimator was used to divided the
gamma-ray into three collimated beams and the response was measured using three
detectors. The response of the system was used to infer the density distribution inside
the 14" Sc. 160 pipe during blowdown simulation. Details of this work maybe found
in Lassahn (1977) and Wesley (1977).

Design considerations

Inherent to the void fraction measurement using gamma-ray attenuation
technique are measurement errors due to geometry, flow regimes and count rate
statistics. A detailed discussion of the errors arising in radiation-attenuation void
measurements is given by Piper (1974). He derived an expression for the required
strength of a source to produce a given accuracy.

In order to minimize the measurement error, efforts were focused on the design
optimization of the densitometer. Ferrell and McGee (1966) concluded that for the
one-shot technique, the measurement should be dependent on the void distribution of
the flow regime, whereas the traversing method should be independent. The authors
developed an optimization technique that reduced the error of a one-shot technique to
that of the traversing technique by assuming that the detector response and the count
rate for both techniques are equal. Next, the void fraction measured from the
traversing technique was equated to the void fraction measured from the one-shot
technique and the collimator profile design was obtained. The authors concluded that
their analysis was applicable if the attenuation fraction was small. The above analysis
was further studied and evaluated by Gardner and Ely (1967) and by Gardner et al.
(1970). Gardner et al. (1970) assumed a mono-energetic source and thus Am-241 was
used instead of Tm-170.

Schrock (1969) discussed the design of a gamma densitometer and evaluated
the impact of the following parameters on a good geometry design of the gamma
densitometer:

1. Effect of void distribution
2. Effect of collimation
3. Effect of photon energy
4. Type of detection system used
5. Statistical error
6. Source selection

Shipp (1979) reported a comparison between the performance of ionization
chamber detectors, plastic scintillation detectors and Nal scintillation detectors. The
author reported that the plastic scintillation detector is the most suitable for use with
fast transients. Chan and Banerjee (1981) have shown that when a high atomic number
element is introduced in the plastic material, a much higher efficiency results without
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affecting the time properties of the plastic scintillator. The authors reported -50%
conversion efficiency for a 10% lead loaded plastic scintillator. Table 2 shows some of
the scintillators used for gamma densitometry, reproduced from Chan and Banerjee
(1981).

Chan and Banerjee (1981) developed a criterion for the optimum design of a
single shot gamma densitometer for use with small tubes. The authors concluded that
there is no single optimum design for the gamma densitometer but it is rather dictated
by the system under investigation. The design procedures proposed by the authors to
select the most suitable gamma densitometer are as follows:

1. Specify the test section geometry and material
2. Choose the gamma-ray energy (isotope) with reference to item 1 above
3. Calculate the required source strength
4. Estimate the shielding requirements
5. Choose the scintillator and counting system with reference to item 3 above

Herschthal et al. (1983) developed a narrow beam gamma densitometer for
measuring void profiles during reflooding experiments using the traversing technique.
The design procedure for this gamma densitometer consisted of five steps:

1. Specify the test section geometry and fluid and the radioactive source
2. Specify the desired fraction error in the void fraction measurement and the

minimum void fraction of interest
3. Choose the detector area, counting time, and photon transmission distance through

media
4. Calculate the required source strength
5. Iterate on item 3 above along with source type to achieve economical shielding

After careful consideration one may add three other steps to the steps
mentioned above to complete the selection process, namely:

1. Select the number of gamma-ray beams according to number of phases
2. Decide on the method of operation, i.e., one-shot or the traversing method
3. Design the source and detector collimators

Liu and Wang (1991) developed an implicit and iterative analysis for improving
the one-shot technique by applying a Monte Carlo simulation of the source, flow field
and detector configuration using MCNP. L. Pan et al. (1993) developed a gamma
densitometry using dual-energy gamma-beam and discussed the principle of using dual-
energy gamma densitometry for measurement of three-phase void fraction and
reported the design procedure. Eberle et al. (1994) generalized the approach of Chan
and Banerjee (1981) to develop an optimization criterion for the one-shot technique
for narrow pipes. The authors used pressure drop measurements, conductivity probe
measurements and Lucite mock-ups to evaluate the accuracy of the gamma
densitometer measurements and reported good agreement.

The errors caused by the dynamic effects of voids were theoretically evaluated
by Levert and Helminski (1973) for two energies provided from two isotopes. Harms
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et al. (1971, 1973) and Laratta et al. (1974) studied the dynamic effects and the
dynamic bias in two-phase flow measurements using radiation techniques. The main
concern was the inability to differentiate down-scattered photons from the lower
energy photons. Elias et al. (1976) attempted to resolve the above mentioned problem
by measuring the scattered flux as opposed to the unperturbed flux. The authors
investigated the response function for the scattered flux theoretically using Monte
Carlo simulation and two ranges of energy, namely, 640-680 KeV and 100-220 KeV.

Zielke et al. (1975) measured the 90° scattered flux of a traversing
measurement across a fuel bundle using a Cs-137 source. Kennetetal. (1976) used
highly energetic photons scattered through 20°. The investigation of average bias in the
scattered flux measurement clearly indicated a decrease in dynamic error as the photon
energy increased.

Oil measurements

The use of gamma-ray attenuation technique in the oil industry has been
reported by several authors. Ryabovetal. (1976) used gamma densitometry to study
flooding intervals in a borehole in order to enhance the efficiency of well logging.

Abouelwafa and Kendall (1980) applied the dual-energy gamma densitometry
technique to the measurement of the phase fractions of air-oil-water mixtures and
claimed accurate chordal phase fractions obtained. Tomada et al. (1987), Rafe et al.
(1989) and Rafe (1989) reported the development of three-phase flow meter using
dual-energy gamma densitometry. Nuland et al. (1991) used dual-gamma energies from
Ba-133 to measure the phase fractions in air-oil-water flow. They showed the time-
series of chordal phase fractions and compared the measured phase fractions with
those measured using quick-closing valves. The comparison was not satisfactory
especially at high air flow rates which may be attributed to method of data
interpretation.

Robgetz et al. (1991) showed numerically that good measurement accuracy can
be obtained for the chordal phase fractions in air-oil-water flow using dual energy
gamma densitometry. The authors reported that by adding NaCl or KC1 to the water
phase, the measurement accuracy can be improved. The measured phase fraction
reported by the authors, however, were much less accurate than what the analysis
predicted.

Bishop and James (1993) introduced the concept of neural network technique
to aid in the phase configuration and phase fraction recognition. The raw signals are
obtained from dual energy multiple-beam gamma densitometer. This work was
conducted to measure the void fraction and flow pattern in a mixture of oil, water and
gas in oil pipelines.

Fischer (1994) reported the development of a technique for the continuous
measurement of the total mass flow and composition of oil/salt water/gas mixtures
using a combination of a venturi tube, a capacitor and a single-beam gamma
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densitometer. The author suggested that the measurement is valid only if the mixture is
virtually homogeneous throughout the flow with oil or air forming a continuous phase.

Pan and Hewitt (1995) demonstrated theoretically and experimentally that the
cross sectional phase fractions in air-oil-water flow can be measured using a dual-
energy gamma-densitometer. The authors reported a 3% average uncertainty in the
measurements.

Roach et al. (1995) and Hartley et al. (1995) reported the measurements of a
multiphase meter using two gamma-ray transmission gauges mounted on a pipe
carrying the full flow of oil, water and gas. Van Santen and Kolar (1995) showed that
a third photon energy can be used to greatly reduce the systematic errors in the
watercut resulting form spatial and temporal variations in the oil-water-gas mixture
composition when measured with a dual-energy gamma densitometer.

The available research on void fraction measurement in the multiphase flow in
the oil pipelines using gamma densitometry is limited in number and in nature. The
majority of the published work deals with relatively small tubes and the extrapolation
from the small scale to the large scale has not been carried out rigorously. The wide
range of flow patterns and void fraction profiles in oil transport pipeline range from
stratified in the large size shipping pipelines to the highly mixed highly agitated
homogeneous flow exiting the well. These variations call for the development of an
accurate gamma densitometer that is calibrated in situ for each application. The
rigorous experimental extrapolation from the small scale measurements to the large
scale application must be validated both analytically and experimentally.

Chordal void fraction measurement

The basic principle for the gamma-ray attenuation technique is the
experimentally observed fact that the intensity of the collimated beam decreases
exponentially as it passes through matter. Mathematically, the attenuated flux passing
through two-phases in a conduit of height H, is given by:

where x, + x2 -H.

From the above two equations, the void fraction is calculated as:

x, L/H

where

The above is true for a chordal average value of the void fraction across the
conduit. Generalizing the above relation to three-phase flow and by using dual-energy
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gamma beam, and by looking at the figure below, we can express the attenuated flux of
both beams, A and B as follows:

-*B ~ OB '

x, + x2 + x3 = H

Gamma rays A and B

I

Stratified three-phase flow in a large pipe

From the above equations, we can derive the void fractions:

YIA LBIH + Y^AYIB +Y2B
LA/H- YIB LA IH

YIAY\E Y\AYIB

LA jH yXA LB/H - r3A LB/H

Y24Y3B ~~ YI,AY\B ~ Y\AY2B "*" Y\AYIB "*" Y3AY2B

a3 = 1 - a, - a2

where ^ 1 and LB= I n l y
[ OA OB'

The error analysis in the void fraction measurement of three-phase flow
reported here will be limited to the statistical error in the measurements assuming ideal
experimental conditions. The analysis follows on the footsteps of the work published
by Pan and Hewitt (1995). The errors in a measured void fraction are given by:

(5a)2 =
da

U
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where
1

A JCJ

Then for each void fraction, the error is given by:

Sax =

\Y\B YlB/ \Y\A YiA)

DHyfl

DH^t

DHyft

where — YIAY\B Y-$AY\B YXAYJB

Minimizing the error in the measurements depends on a group of five
parameters:

1. Count rates
2. Measurement time
3. Cord length
4. Mass attenuation coefficients
5. Gamma source energies

The selection of gamma energies was the focus of the optimization effort of
Pan and Hewitt (1995). The authors reported a theoretical study for the selection of
best pairs of gamma energies for the specific geometry and composition. For a stainless
steel 3" pipe , Ba-133 with energies of 31 Kev and 81 KeV and a strength of 20 mCi
was selected and gave a measurement error of 3%. The authors used 8-points
traversing measurements covering half of the pipe cross section - assuming symmetry-
and a scintillation detector operating in the count mode.

One of the important conclusions of the authors was that the smaller the energy
of the lower gamma beam the better the statistical error. A tradeoff between minimum
error and shielding requirement due to increase in source strength needed to overcome
absorption must be struck for each experimental setup.

Conclusions

In order to accurately measure the cross sectional void fraction in a three-phase
flow of oil, water and gas, it is recommended that the dual-gamma energies be
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optimized for the specific geometry and mixture flow rate. The traversing method is
judged to be the most suitable for oil-water-gas chordal void fraction measurements, in
agreement with Pan and Hewitt (1995), provided the measurement location is precisely
repeatable.

It is concluded that detailed measurements of the cross sectional or single-shot
average void fraction of oil-water-gas flow in large pipes, typical of oil transporting
pipelines, should be carried on to validate the use of gamma densitometry for this type
of measurements.

It is further concluded that there is a need to document a large data
bank of flow rate, void fraction and flow pattern measurements of oil-water-gas flows
in large pipe such that any future measurements may be calibrated against this data.
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Table 1

Isotope

Americium-241

Barium-133

Cadmium-109

Cesium-137

Cobalt-57

Cobalt-60

Curium-244
Gadolinium-153

Iodine-129

Lead-210

Mangnese-54
Plutonium-238
Tellurium-123 m

Thullium-170

Half-life

433 y

10.8 y

453 d

30.1 y

270.5 d

5.27 y

17.8 y
241.5 d

1.57xl07y

22.3 y

312.5 d
87.75 y
119.7 d

128 d

Principal photon energy
(KeV)

11.9-22.3
59.5

30-36
80-81
276.0
303.0
356.0
384.0

22.1-26.0
88.0

32.0-38.0
662.0

6.4-7.0
14.4

122.0
136.5
1173.0
1333.0

12.1-23.0
41.3-47.3

69.7
97.4
103.2
30-35
40.0

9.42-16.4
46.5 *
835.0

11.6-21.7
27.4-31.1

159.0
50.0-59.7

84.3*

Emission +
(%)
-40
35.3
-123
36.2
7.1
18.7
61.5
8.9

102.3
3.6
8.0
85.1
-55
9.4
85.2
11.1

99.86
99.98

~8

-110
2.6
30
20

-69
7.5
-21
-4
100
-13
-50
83.5

C
*?

3.4

* In addition to Bremmstrahlung radiation.
+ Emission ratio is defined as the number of gammas of a particular energy emitted per
100 disintegration of the radionuclide.
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Table 2

Scintillator

Nal(Tl)
CsI(Na)
CsI(Tl)
CsF
6LiI(Eu)
CaF2(Eu)
BaF2

KI(T1)
Ps

Decay constant
(US)

0.23
0.63
1.0

.005
1.4
0.9

0.63
0.24/2.5
-0.002

Density
(gm/cm3)

3.67
4.51
4.51
4.11
4.08
3.19
4.88
3.13
1.05

Conversion efficiency
(%)
100
85
45
3

35
50
10
24
<5

Nomenclature

C
H
I
t
x
a
Y

Subscripts

0
A,B
1,2,3

Gamma-ray count rate (photons/s)
Conduit height (m)
Gamma-ray intensity (photons/m2/s)
Counting time (s)
Thickness of the phase (m)
Chordal void fraction
Linear attenuation coefficient (m"1)

Incident gamma-ray beam
Lower and upper gamma-ray energies
Mixture phases
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STEROID RECEPTOR STATUS IN BREAST CANCER:
The Roles of Radioreceptor assay and Immunohistochemistry

Myint-Aye-Mu, Ch'ng Soo Ling, Lily M, Shyamala HF, and Pathmanathan R.

Introduction

It is proved that the presence of oestrogen receptor (ER) in breast carcinomas is a
good marker of hormone dependency l. It is also well documented that higher ER content
in breast tumours are related to a higher probability of successful response to endocrine
therapy 2. Progesterone receptor (PR) also are useful as markers of functional ER activity
and are found largely in ER positive tissues3. In addition, ERs are demonstrated to have
associations with degree of differentiation in ductal carcinoma 4 and menopausal status5.

Previously, steroid receptors are routinely measured in cytosol with radiolabelled
ligands through their specific binding functions . Oestrogen receptor assay on cytosol
usually does not have an optimal predictive value since approximately 55% of women
with breast cancers containing ER respond with measurable tumour regression to
endocrine therapy either additive or ablative 7. During the last decade, the specific anti-
oestrogen receptor was developed successfully and permitted the visualisation of ER with
immunohistochemical technique 8>9. Moreover, semiquantification of the reaction was
also possible with this technique 10>n. In this study, we tried to find out the roles of
radioreceptor assay and immunohistochemistry in estimation of steroid receptor status in
breast cancer through analysis of the relationship between the methods and the clinical
parameters.

Material and methods

Sample collection

Tissue samples from 24 surgically removed primary female breast cancers were
histologically typed and graded based on the WHO classification 12. Clinical parameters
such as age and menopausal status were also reviewed.

From each tumour block, one piece about 4 mm3 was cut and transferred into
sucrose-glycerol buffer prepared according to Dr. Leake 13 for radioreceptor assay.
Another piece adjacent to the above piece was fixed in 10% formaldehyde for
immunohistochemical assay of steroid receptors. The rest were fixed in 10%
formaldehyde for histological diagnosis.

For radioreceptor assay, the tissues in the sucrose-glycerol buffer were rinsed in
normal saline, homogenised and cytosol samples were prepared and stored in liquid
nitrogen till analysed. Formalin fixed sections for immunohistochemical assays were cut
and mounted on silanised slides.
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Radioreceptor assays on cvtosol

These assays were performed in Monoclonal Laboratory, University of Malaya.
ER and PR contents of tissues were measured with a multiple point dextran-coated
charcoal assay using 3H-oestradiol and 3H-ORG, respectively. The quality control
sample supplied by EORTC (European Organisation for Research and Treatment of
Cancer) group was used for quality control. Scatchard analysis was applied to calculate
the receptor level. Receptor level more than 20 fmol/mg of cytosol protein was
considered as "positive".

Immunohistochemical assay on formalin fixed section

Immunohistochemical assays were performed in the Pathology Laboratory,
Department of Pathology, University of Malaya. ER and PR were assayed by
immunohistochemical method using immunoperoxidase detection assay kit from Dako
Corp., USA. Primary antibodies used were also procured from Dako Corp. and these
were mouse anti-human ER and rabbit anti-human PR antibodies.

Data analysis

Non-parametric Mann-Whitney test was applied for inter-group comparison and
Fisher's exact test was applied to find out associations using SPSS (Statistical Package
for Social Studies) for Windows version 6.0.

Results

The age of the patients ranged from 36 to 71 years and 4 of them were post-
menopause. The histological characteristics of the tissues were shown in Table-1.

Radioreceptor assay

Out of 24 breast cancer tissues, 95.7% (23/24) were ER positive and only one
medullary tumour (4.3%) was ER negative. The ER content ranged from 16.64 to 297.8
fmol/mg of cytosol protein (Figure-1). All tumours were PR positive with the range of
20.56 to 364 fmol/mg of cytosol protein (Figure-1). A significant positive correlation was
found between the ER content and PR content of tumour tissues (r=0.71,
p<0.005)(Figure-la). Neither significant associations nor changing trends were found
between ER positivity and menopausal status, that is, 95% positive in pre-menopausal
patients and 100% positive in post-menopausal patients; and also between ER status and
age, that is, 95% positive in women up to 45 years of age and 100% positive in women
aged above 45 years. There was also no significant association between ER status and
histological grade of tumour because all ductal carcinomas were ER positive.
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Immunohistochemical assay

Among the total of 24 cases of breast carcinomas, 41.67% (10/24) were ER
positive and 33.33% (8/24) were also PR positive. None of the ER negative tissue
showed PR positivity. All 3 medullary carcinomas were ER negative. A decreasing trend
in ER and PR positivity with worsening in histological grade was observed in ductal
carcinomas (Figure-2). ER positivity occurred more frequently in pre-menopausal
women (47.37%) than in post-menopausal women (33.33%). ER positivity was also
more common among women aged up to 45 years (58.33%) than among women aged
more than 45 years (30%).

Discussion

It is well known that PR are the markers of functional ER activity and are found
very largely in ER positive tissues5 since the synthesis of PR depends on ER activity 14.
In this study, the results from radioreceptor assays showed PR positivity in one ER
negative tumour. Though that tissue was ER negative according to the cut-off point of 20
fmol/mg of cytosol protein, the ER levels were more than 15 rmol/mg of cytosol protein
(16.64 fmol/mg of cytosol protein). Moreover, the PR level of that tissue was just above
the cut-off level, that is, 20.56 fmol/mg of cytosol protein. Such a discrepancy might be
due to very wide variation of radioreceptor assays of both ER and PR as mentioned by
previous studies 1516. However, a significant positive correlation between ER levels and
PR levels of those tumour tissues confirmed the statement that PR synthesis depends on
ER activity 14. When the results from radioreceptor assays and those from
immunohitochemical assays were compared, some tumour tissues which are both ER and
PR positive in radioreceptor assays showed ER and PR negative in
immunohistochemistry. That might be due to the methodological difference between
detecting a molecule through antigen-antibody binding in immunohistochemistry and
receptor-ligand binding in radioreceptor assay. Furthermore, admixture of ER positive,
non-neoplastic cells, which are not taken into account in the immunohistochemistry might
also be possible 6. Other studies had also reported similar discrepancies between
immunohistochemistry and radioligand binding assay17>18.

A positive correlation between ER content and degree of anaplastic change in
ductal carcinomas was previously demonstrated . In this study, no such an association
could be demonstrated by radioreceptor assay. But, a decreasing trend in ER positivity
with worsening in histological grade of ductal carcinomas was observed in
immunohistochemical assay. That might also be due to admixture of ER positive, non-
neoplastic cells in the tissues used for radioreceptor assays 6 that led to false positive in
tumour tissues with severe histologic grades.

Most of the quantitative radioligand binding assays for ER showed higher ER
level in older age group and post-menopausal patients 2>19>2°, though the radioreceptor
assay in this study failed to demonstrate such an association. That could most probably
due to small sample size in our study in which only 4 menopausal women were involved.
In immunohistochemistry, ER and PR positivity occurred more frequently in younger and
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pre-menopausal patients. In pre-menopausal women though there could be abundant ERs
in their functioning breast tissues, the higher levels of oestrogen could occupy the ERs,
resulting in a lower number of unoccupied ERs 2>20>21

J and, eventually, in false negative
results in radioligand binding assays. In immunohistochemical analysis, the ER positivity
was determined not through receptor-ligand binding but through antigen-antibody binding
and receptors could be detected whether they were free or occupied by hormone.
Therefore, ER positivity could be detected more frequently in breast tissues of pre-
menopausal patients.

According to the above findings, it can be concluded that parallel assay of both
ER and PR status could give more rational information. The results also pointed out that
the cut-off points for the radioreceptorasays should be standardised by carrying out
furthur research studies. The results obtained from immunohistochemical assays could
provide rational information since they showed associations between ER and PR
positivity and changing trend in receptor positivity with change in histological grade of
tumours. Moreover, immunohistochemistry is also cost-effective, rapid and amenable to
semi-quantification. Therefore, it can be concluded that immunohistochemical assay
should be considered as an acceptable alternative method in management of breast
cancer, although the quantitative data from radioreceptor assays are of immense value in
research studies.
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Table 1. Histological characteristics of tissues studied

Histological characteristics

Ductal carcinoma
Grade I
Grade n
Grade III

Medullary carcinoma
Grade III

Number of
cases

3
7
8

3

Note: 3 cases of ductal carcinoma were not graded.

Fig. 1. Oestrogen receptor (ER) and Progesterone receptor (PR) levels of
breast cancer tissues (radioreceptor assay)
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Fig. l(a). Correlation between Oestrogen Receptor (ER) content and
Progesterone Receptor (PR) content of the breast cancer tissues
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INTRODUCTION

The Idaho National Engineering and Environmental Laboratory (INEEL) has had a long and
successful history in the nuclear industry. It has played an important role in the peaceful use of
atomic energy as a reactor research complex. Many of the INEEL nuclear facilities have reached
the ends of their useful lives however and must now be decontaminated and decommissioned
(D&D). The INEEL has also played an important role in this new phase of the nuclear industry.
It is a pleasure to be here today to share with you some of the successes we have enjoyed in the
safe decontamination and decommissioning of the INEEL's nuclear facilities.

INEEL HISTORY AND BACKGROUND

The INEEL is located in the western part of the United States, in the State of Idaho. It is located
in typical eastern Idaho high desert country having an average altitude of about 1483 m (4865 ft).
It covers an area of 2,315 km2(893 mi2). The region receives little rainfall and is remotely
located from nearby towns and cities. This combination of characteristics makes it ideally suited
for the operation of nuclear facilities. The location of the INEEL within the State of Idaho is
shown in Figure 1, while a more detailed layout of the site is shown if Figure 2.

The INEEL site was originally a Navy Gunnery Test Range and when the United States Atomic
Energy Commission (US AEC) needed a location to build and test nuclear reactors as part of a
program to develop nuclear power sources the gunnery range in southeast Idaho was selected.
This occurred in the late 1940's, and by the early 1950's a considerable amount of construction
activity was underway. Over the years this activity lead to the construction of 52 reactors at the
Idaho site. In addition to the reactors, a full range of support facilities were also constructed.
These included nuclear fuel processing facilities, waste management facilities, laboratories, hot
cells, and other nuclear research facilities. All of these facilities operated very successfully for
many years and each played important roles in the development and use of nuclear power as a
new energy source.

Over the many years that this nuclear site has been in operation the emphasis on the type of work
done there has gradually changed from the development of safe nuclear power, to large
engineering development and environmental restoration activities. Even the name of the
government program which sponsored the work has changed. It started in 1947 as the Atomic
Energy Commission's National Reactor Testing Station. In 1963 the AEC became the Energy
Research and Development Administration, which eventually became the United States
Department of Energy. The National Reactor Testing Station was renamed the Idaho National
Engineering Laboratory and in 1997 this name was changed to the Idaho National Engineering
and Environmental Laboratory to better reflect the emphasis placed on environmental work
currently being done. Although the name has been changed several times, an emphasis has
always been placed on the performance of safe, efficient, high quality work which supports the
needs of the world.

400



DECONTAMINATION AND DECOMMISSIONING PROGRAM

Although facilities had been shut down and even removed earlier, the formal D&D program at
the INEEL officially started in August of 1977. At that time one of the first tasks of this new
program was to identify all of the surplus, contaminated facilities which existed at the INEEL.
The criteria used for identification of these facilities where that they were surplus to the needs of
the government, and that they were contaminated with nuclear materials to the extent that Health
Physics control was necessary when working in the building. The initial search for these
facilities revealed that approximately 70 of them existed at the INEEL at that time. The 70
facilities ranged from items as simple as a contaminated concrete waste storage pad, to very large
and complex materials and engineering test reactors. A very wide variety of test reactors had
been built at the INEEL. These included Organic Moderated Reactors, liquid metal cooled
reactors, pressurized water reactors, boiling water reactors, heavy water reactors, and a gas
cooled reactor. A large number of reactor fuel processing and waste management facilities were
also included. Laboratory facilities, contaminated soil areas, underground radioactive waste
storage tanks, and stored reactor components such as pressure vessels and heat exchangers were
also included in the inventory of surplus facilities.

Following identification of the surplus contaminated facilities the next step was the preparation
of a Long Range Plan for D&D of these facilities. This plan (Reference 1) contained the list of
surplus contaminated facilities identified and brief descriptions of each facility. It also defined
the management practices which would be applied to the INEEL D&D program and described
the documentation required for the performance of D&D work. Funding requirements and a
schedule for decommissioning the backlog contaminated facilities were also included in the long
range plan. Waste management requirements and the process or criteria used to establish the
D&D priority ranking for each facility were addressed.

The INEEL D&D Long Range Plan has been revised and updated on a regular basis over the
years. As more is learned about these facilities the plan is revised to reflect this new
information. Budget and schedule revisions are also reflected in the revisions. Recent editions
contain reference lists of all documentation relating to the decommissioning of these facilities
and actual costs for those facilities which have been decommissioned. Following identification
of the D&D facilities and preparation of the Long Range Plan, an effort was made to characterize
each of the facilities. This was done to provide more complete and accurate information about
the physical, radiological, and chemical nature of the facilities and the contamination they
contained. A "characterization library" was established for the surplus INEEL facilities. The
characterization information proved invaluable in providing accurate cost and waste volume
information to D&D planners. Characterization data provided the basis for the preparation of
Decommissioning plans for each facility.

Following completion of the first D&D plan and supporting safety, environmental, and
procedure documentation, work was started on the first INEEL D&D project. This was the
Organic Moderated Reactor Experiment (OMRE) and two years were required to remove the
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facility and all contamination and return the area where it stood to a natural condition.
Photographs of the OMRE facility at the beginning of the D&D project, and after it was
completed are shown in Figures 3 and 4 respectively. This work was performed in 1977 and
1978 and accomplished mostly by hand using wrenches and gas torches to unbolt and
disassemble the building. Photographs of recent D&D projects reveal that most of this work is
now performed using large mobile shear equipment which is much safer and faster. Recent
building disassembly activity is depicted in Figure 5.

At the present time about 30 of our surplus contaminated facilities have been decontaminated and
decommissioned. These facilities have either been completely removed and the area restored to a
natural condition, or the buildings have had all radioactive materials removed and they have then
been released for unrestricted use by other INEEL projects. All of this work has been
accomplished without a single serious accident or incident and no workers have been injured.

DOCUMENTATION IS A KEY TO THE SUCCESS AND SAFETY OF
THESE D&D OPERATIONS

A variety of documents are required for the performance of D&D activities. The generation of
high quality documents ^'hich accurately describe the work to be done in sufficient detail to be
easily understood by re, and workers alike will help insure the safe completion of these
projects. The use of star, - guidelines in the preparation of D&D documentation will insure
consistency in the documents themselves, and in the results obtained during actual operations.
Following is a list of the primary documents used to manage the INEEL D&D Program. Some
of these apply to the overall program, while others are applicable to each individual D&D
project.

INEEL D&D Long Range Plan
INEEL D&D Project Managers Handbook
ASTM Standard Guides on Decommissioning
Characterization and Decision Analysis Report
D&D Plan
Health and Safety Plan
Safety Analysis Report
Environmental Documentation
Quality Assurance Plan
Internal Work Documentation
Detailed Operating Procedures
Worker Training Documentation

THE SELECTION AND USE OF APPROPRIATE TECHNOLOGIES ALSO
PLAYS AN IMPORTANT ROLE IN D&D PROJECTS
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Many new technologies are now available which are safer, more cost effective, and faster to use
than conventional technologies which were used on early D&D projects. There are also several
sources of information relative to the performance of these new technologies. This information
is very useful in helping D&D project managers select technologies which are appropriate to
their needs. Following are brief descriptions of some of these sources.

D&D Technology Logic Diagrams: Technology Logic Diagrams (Reference 2) have been
prepared to assist D&D personnel in identifying and selecting the most appropriate technologies
for the various problems or needs associated with INEEL D&D projects. This three volume set
of documents identifies technology needs associated with the decommissioning of INEEL
facilities. It then presents a list of all applicable technologies which might meet these needs.
The technologies are then evaluated in terms of their expected performance. Sources for
obtaining the technologies and contacts who can supply more information about them are also
presented.

D&D Large Scale Technology Demonstration Projects: The US Department of Energy is
sponsoring a series of D&D technology demonstrations at actual D&D projects. The intent of
these "demonstrations is to directly compare the performance of standard or baseline technologies
to that of new and improved technologies in actual D&D field operations conditions. To date
three large scale demonstration projects have been selected and testing is underway. These
include a test reactor at the Chicago CP-5 facility, a uranium facility at the Femald site, and a
production reactor at the Hanford site in Washington. A fourth demonstration project has
recently been selected at the glove box facilities in the Rocky Flats Plant and work on this project
is just getting underway. Information from these technology demonstration projects is readily
available and is of great use in planning future D&D projects.

THE INEEL SUPPORTS THE DEVELOPMENT OF NEW
TECHNOLOGIES FOR D&D AND ENVIRONMENTAL RESTORATION
ACTIVITIES

Several unique and interesting technologies are currently under development at the INEEL.
These have the potential to make significant improvements in cost, safety, and efficiency of
D&D and environmental restoration operations. These include a biodecontamination process for
the decontamination of concrete, the use of a laser for the decontamination of surfaces, and a
laser enhanced ultra high pressure liquid nitrogen zero added waste cutting, abraiding, and
drilling system. We are also currently involved in the development of an optimal waste handling
and packaging system which will significantly reduce the volume of waste resulting from D&D
projects.

CURRENT AND FUTURE INEEL D&D PROJECTS

We continue to be actively working on the backlog of surplus contaminated facilities at the
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INEEL. We are in the process of completing D&D operations at three Auxiliary Reactor Area
(ARA) facilities and at the Boiling Water Reactor Experiment (BORAX) facility. Work on
planning and document preparation started this year for decommissioning of the Test Area North
Liquid Waste Treatment System, and at the Engineering Test Reactor. Work on these facilities is
expected to continue for the next several years.
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Abstract

Bacteria are capable of chemically oxidizing or reducing inorganic compounds as a means of
producing energy for growth. This process can be used to change the solubility, hence the
bioavailability, of various elements such as heavy metals or selenium. Sulfur compounds are also
readily oxidized or reduced by bacteria, which can be the basis of H2S odor control systems or,
through the formation of sulfide ion, as way of easily precipitating heavy metals from solution.
Bacteria can also produce organic compounds that act as chelators for ions such as uranium. This
paper reviews the redox reactions that bacteria can do and describes several projects at the Idaho
National Engineering and Environmental Laboratory to illustrate the versatility of microorganisms
in treating inorganic materials.

Introduction

The use of bacteria to degrade organic wastes is well known, with treatment plants for sewage and
for industrial waste water streams having been built for well over 100 years. In the last twenty
years, biotreatment has been extended to organic materials in the environment. Bioremediation was
initially applied to petroleum spilled in tanker accidents, but rapidly spread to leaking gasoline
storage tanks and then to all manner of organic materials, especially solvents and pesticides. Now
biological treatment is a well accepted technology for many kinds of organic spills or process
streams that must be treated before discharge into the environment.

Less generally known though is the ability of microorganisms to convert inorganic species. This
ability originates from competition in nature: organisms able to adapt themselves to an unoccupied
ecological niche can prosper there. Many of these niches have severe conditions, and the
organisms that live there have been described as extremophiles. As examples, microorganisms
have been found in environments ranging from ocean thermal vents at temperatures of 100°C
(thermophiles) to glacial ice at 0°C (psychrophiles), in acidic mineral heaps at pH 1.5 (acidophiles)
to alkaline desert lakes at pH 10.5 (alkalophiles), and living their lives suspended in the
atmosphere to being found hundreds of meters underground in solid rock. They have also adapted
to live in environments where organic molecules and/or oxygen are absent - often as a consequence
of extreme physical conditions - by being able to use inorganic chemical species as sources of
energy.

In addition to adapting to unusual or severe environments, bacteria can also locally modify their
environment. This is not a concious activity, but rather the incidental effect of secreted metabolic
products such as organic acids, chelating agents, surfactants, polysaccharides, or even
antimicrobial compounds. These products can make nutrients more available or reduce the
competition for those nutrients, so even though the synthesis and secretion of these materials
initially appears to be a waste of cellular resources, in the long run it does help the cell survive.

This wide range of unusual chemical abilities is being explored in many different laboratories for
potential waste treatment technologies. This paper explains the underlying biochemistry of some of
these processes, then presents a variety of examples of how inorganic materials are being
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biologically treated in projects at the Idaho National Engineering and Environmental Laboratory.
INEEL is a United States national laboratory that is part of the Department of Energy. It is
managed and operated under contract by Lockheed Martin Idaho Technologies Company.

Chemistry of biological redox reactions

Bacteria need two things from externally supplied nutrients: carbon compounds to convert into
more cells (also called biomass), and a source of energy to drive that conversion and maintain
cellular activity. Most commonly, an organic compound such as glucose, a simple sugar, serves
both purposes. Some of the glucose, plus small amounts of nitrogen compounds and phosphate, is
chemically converted into protein, lipids, DNA, and other cellular material. The energy to do this
comes from oxidation of the remaining glucose to carbon dioxide, a process that requires oxygen
to act as an electron acceptor for the electrons produced by the oxidation of the glucose. In another
common example of these metabolic requirements, plants use carbon dioxide as the carbon source
to synthesize more plant tissue and obtain the necessary energy from light rather than chemical
energy, but the two needs are still the same. At night though, without light for energy, plants take
up oxygen and oxidize some of their stored sugar to CO2 to supply energy for their ongoing
cellular processes.

Carbon for biomass can only be obtained from organic compounds or from carbon dioxide and its
derivatives such as bicarbonate ion. On the other hand, energy is quite transmutable from one form
to another, and bacteria have taken advantage of this to extract energy from all manner of chemical
reactions or, in some bacterial species, from sunlight like plants. These chemical reactions are all
redox reactions in which one compound is oxidized while another is reduced. The material being
oxidized becomes the electron donor in these reactions, while the reduced material is the electron
acceptor. Because these reactions occur using a number of intermediate compounds, the phrase
"terminal electron acceptor" is often used to distinguish the final one that is not regenerated in the
redox cycle, hence must be supplied from outside the cell. The ability of different types of bacteria
to use unusual electron donors and terminal electron acceptors makes feasible the biological
treatment of various inorganic ions and compounds.

Because of the enviromental and ecological importance of this issue, bacteria have been subdivided
into several broad categories based on what they use as a terminal electron acceptor. These are
functional categories only, and many bacteria can switch between two entirely different electron
acceptors depending on the local conditions. By far the largest group is aerobes, bacteria which can
use oxygen as the electron acceptor and form H2O from it. Although electrons are being
transferred, to maintain charge neutrality protons (H+) follow, leading to what looks like an
addition of hydrogen atoms to the electron acceptor. When oxygen is present in only low or trace
concentrations, nitrate-reducing bacteria (also called denitrifiers) become active. These bacteria
reduce nitrate ion, NO3\ to nitrogen gas N2 by adding electrons to it, forming water as a
byproduct. When the environmental conditions are even more reducing, meaning that oxygen is
even less available, sulfate-reducing bacteria (frequently called SRBs) can begin their metabolic
activity of reducing sulfate SO4

2" to sulfite SO3 and ultimately to hydrogen sulfide, H2S, the well
known rotten egg odor of swamps. At very low levels of reduction potential, some kinds of
bacteria are capable of donating electrons to carbon dioxide CO2 to form methane, CH4. Methane is
not water soluble and is the gas occasionally seen bubbling up from lake bottom sediments where
the required very reducing conditions can easily occur.

These are the major kinds of biological redox reactions. However, scientists have found many
analogous reactions in which bacteria can reduce inorganic ions such as selenate or chromate to
other ionic forms. The advantage of using these reactions for environmental remediation or treating
process streams is that the more reduced forms of the element may be less toxic, less soluble in
water, or easier to remove from solution than the original oxidized form.
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Applications

Uranium in soil

The Fernald Materials Production Center (Fernald, Ohio, USA) produced uranium and thorium
metals beginning in the late 1940s. It ceased operation in 1989 and became the Fernald
Environmental Management Project because of its extensive soil contamination with uranium.
INEEL researchers tested bacterial and fungal methods of treating that soil to remove the uranium
[Delwiche et al. 1994, Delwiche and Matthern 1995].

The bacterial process used Thiobacillus ferrooxidans, a well known acidophile which oxidizes Fe+2

to Fe+3 as its electron donor. Ferric ion (Fe+3) is a strong oxidizer which can oxidize hexavalent
uranium (as soluble UO2

+2) to the insoluble tetravalent form (UO2). Soil samples were slurried in
water and acidified to about pH 2.5 to provide an acceptable environment for these bacteria. After
inoculation with bacteria, the flasks were incubated for 10-15 days. Although uranium was well
extracted, up to 100% in the runs at pH 2.0, the results were inconclusive because of scatter in the
results which was attributed to heterogeneity in the soil samples used. The control runs at low pH
without bacteria showed no apparent difference in activity from those with bacteria. However, the
soil samples used contained mainly soluble UO2

+2 so any beneficial effect of the ferric ion on UO2
would not have been as apparent.

The fungal results were clearer if not as effective as the low pH of the bacterial runs. Two species
of fungi were used: Aspergillus niger and Penicillium simplicissimwn. Two different types of
treatment were tested too. The first grew the fungi in a slurry of the contaminated soil, while the
second grew the fungi in a separate vessel and used the filtered and sterilized fermentation broth to
extract uranium from the soil. Both fungi performed fairly well in each test (Table 1). In the first
test, roughly 30% of the uranium on the soil was extracted, with about one third of that amount
ending in solution and two thirds binding to the fungal biomass where it can be easily collected.
Using the fermentation broth alone, slightly under half of the uranium was recovered from the soil.
A control run using fresh fermentation medium with no fungi removed no uranium. Analysis of the
fermentation broth suggests that the fungi produce several organic acids which may chelate the
uranium to improve its solubility. These include citric, oxalic, malic, and gluconic acids, with
uranium removal correlating best with the gluconic acid and total acid contents.

Table 1. Uranium extracted (mg/kg contaminated soil) using fungal treatments. All numbers are
averages of duplicates, and the initial contamination level was 490 mg/kg soil.

Fungi and soil slurry Fermentation broth Control
P. simp. A. niger P. simp. A. niger

In solution 40 112 225 233 0
In fungal biomass 93 42 - -
Total removed 133 54 225 233 0
pH 4.7 4.4 4.5 3.9 7.2

While not optimized, the fungal process offers a mild treatment of the soil which does not sterilize
the soil or radically change it as acid treatment would. Later work raised the extraction efficiency to
84-88% of an initial 500 mg/kg contamination by using three extraction steps. This suggests that a
two stage process, fungal extractions at pH 5-7 followed by bacterial treatment at pH<2.5, may
have some advantages in providing easy recovery of most of the uranium followed by thorough
extraction of the remaining few percent if necessary.
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Chromium in soil and waste water

Hexavalent chromium [Cr(VI)], in the forms of chromate CrO4
2" and dichromate Cr2O7

2', has been
widely used as a biocide, a tanning agent, in metal plating, and for other purposes. However,
Cr(VI) is both highly toxic and water soluble, creating a significant problem at the sites where it
has been released into the environment. This problem is not as severe though for the reduced form
Cr(III), which exists as the cation Cr3+, because this ion is less soluble hence less bioavailable.
Under environmental conditions, these two forms are distinct because the kinetics of oxidation of
Cr(HI) to Cr(VI) are negligibly slow.

The INEEL has been working on a biological approach to reducing Cr(VI) to Cr(III) both for
discharge treatment as well as for remediation of existing spill sites. In the last two decades
researchers in a number of locations have found that some bacteria are not only resistant to the
toxic effects of Cr(VI) but in fact use this ion as a terminal electron acceptor. This in principle
provides them a selective advantage for growth in a Cr contaminated environment. However,
studies of soils from a number of contaminated and noncontaminated "sites [Turick et al. 1996]
showed that these bacteria are widely distributed in natural environments.

These bacteria, which have been tested as pure isolates as well as in mixed cultures, have been
shown to reduce Cr(VI) in a variety of reactor configurations. Initial testing was done in small
batches in serum vials, but continuous stirred tank reactors and packed beds with the bacteria
growing on porcelain saddles have also been demonstrated at the lab scale [Turick and Apel 1997].
These tests have also allowed the generation of the kinetics of reduction (Figure 1), demonstrating
that even though these cultures do reduce Cr they are still susceptible to its toxic effects at higher
concentrations, above about 200 ppm in this case. Further work has shown that entrapping the
cells in porous hard polymer beads leads to a 65-fold increase in volumetric productivity compared
to saddles, most likely because of the increase of biomass density [Turick et al. 1997]. This work
has been successfully applied in the construction of a 30,000 liter pilot scale mixed bioreactor for
treating Cr-containing runoff water from a fines heap at a Swedish ferrochrome production plant.

^ 25 T

0 200 400 600 800

Initial Cr(VI) concentration (ppm)

Figure 1. Kinetics of reduction of Cr(VI) to Cr(III) by a mixed culture.
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Heavy metals in acid rock drainage

Coal and metal ore mines produce large heaps of waste material and low grade ore known as
tailings. These heaps contain frequently contain pyrite (FeS2) and are open to rainfall and the
atmosphere, which supplies oxygen and carbon dioxide. This combination of conditions supports
the growth of Thiobacillus thiooxidans, a common bacterium which oxidizes pyritic sulfide S2' to
sulfate SO4

2" for energy. This frees ferrous ion Fe+2, which a related bacterium Thiobacillus
ferrooxidans oxidizes to ferric ion Fe+3 for energy. Both these species use carbon dioxide as their
carbon source to grow more biomass. In the course of oxidizing the sulfide to sulfate, a mole of H+

is generated for each mole of sulfate, making the system acidic. Moreover, the microbially
produced ferric ion can itself chemically oxidize more sulfide to sulfate, creating more protons in
the process. The overall chemistry makes two moles of sulfuric acid H2SO4 for each mole of pyrite
converted. The resulting acid rock drainage is a problem both for its direct effect on streams into
which it runs and because the low pH enhances leaching from the tailings pile of toxic heavy
metals such as Ni, Pb, Cr, Zn, Cd, and Hg.

To address this problem, ENEEL engineers have developed a simple metals precipitation system for
use in remote locations like mine sites. The basis of the system is the biological conversion of the
sulfate in these streams to sulfide, which forms essentially insoluble compounds of the toxic heavy
metals. This conversion is accomplished in a three stage process (Figure 2). The ARD stream
enters the top of the reactor and trickles over a bed of old, decomposing sawdust which is exposed
to air. In this aerobic zone of the reactor fungi develop which degrade the cellulose in the sawdust,
releasing sugars into the water stream. This mixture flows downward into a water-flooded zone
which excludes air and oxygen. Here bacteria consume the sugars and the available oxygen but,
because of the limited amount of oxygen, produce mainly organic acids such as acetic acid as the
metabolic end product. This mixture continues downward through a layer of mud recovered from
an ARD runoff stream which contains microbes already acclimated to this heavy metal mixture. In
this anaerobic zone sulfate-reducing bacteria consume the organic acids (their preferred carbon and
energy source) and use sulfate, originally from pyrite in the mineral ore, as the electron acceptor to
produce sulfide ions. The sulfide immediately precipitates heavy metals in this mud layer. As
additional sulfide is produced beyond the stoichiometric requirement of the metals, it ties up
protons to form HS" and H2S, raising the pH to values near neutral. The final product stream has
lower metals and sulfate concentrations and a pH more acceptable to aqueous organisms.

ARD feed

ARD
distribution

header

water level

Overflow to
control liquid
level in the
bioreactor

Figure 2. Schematic of ARD bioreactor

Although a variety of chemical and biological processes occur in this system, they are largely self-
regulating. The system does require time, on the order of 10-100 days, to become acclimated to the
feed and for a stable bacterial consortium to develop. Figure 3 show results with ARD collected
from a cobalt mine. The metals in the effluent drop significant by about twenty days of run time.

409



Shortly after that at day 25, the pH rises from about 3.5 to about 7. There can be problems with
these systems, including toxicity if the metals content is too high and a long startup time if fresh
sawdust is used. But they make feasible the construction of relatively small, contained systems for
remediating heavy metals in remote locations where operator attention may not be practical.
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Figure 3. Performance of ARD reactor on cobalt mine drainage

Selenium in surface and groundwater

Selenium, a naturally occurring element in groundwater, is an essential nutrient mineral that is toxic
in higher concentrations. The United States Environmental Protection Agency limit on its
concentration in drinking water is 10 jxg/L, and in parts of the American West this limit is being
exceeded, especially in areas of extensive use of groundwater for irrigation. Selenium is toxic
because it behaves chemically like sulfur and becomes incorporated into sulfur-containing amino
acids, rendering the proteins using those amino acids dysfunctional. In the environment, selenium
can have several oxidation states. Selenium (VI) exists as selenate (SeO4

2), Se(IV) as selenite
(SeO3

2), Se(0) as the free element, and Se(-II) as selenide. Selenate and selenite are quite water
soluble, elemental selenium is essentially insoluble in water, and selenide is rapidly oxidized to
elemental selenium by exposure to atmospheric oxygen.

To treat selenium in water, INEEL researchers have an ongoing project with three parallel efforts:
the use of phytoremediation in wetlands, the use of constructed wetlands in bioreactors, and
biosorption in alginate beads. The phytoremediation work compares the use of the water plant
cattails (Typha latifolia) to the terrestrial plant locoweed (Astragalus sp.) to collect selenate ions
from water. Locoweed hyperconcentrates selenium in its leaves where it can be easily collected for
landfill or incinerator disposal. The plant acquired its name because cattle that eat it can suffer from
selenium poisoning, one symptom of which is unusual behavior. Cattails are not as effective at
concentrating selenium, but they are prolific growers well suited to treating large water streams.

Second, INEEL researchers have shown that selenate can be reduced to selenite and elemental
selenium [Maiers et al. 1988, Barnes et al. 1991]. This bacterial activity is common in nature,
being found in 4% of water sample, 92% of sediment samples, and 100% of soil samples collected
at a California site with known high levels of selenium. Lactate, glycerol, and glucose were tested
as carbon sources in these studies; lactate produced the fastest rates of reduction. This is perhaps
not surprising since in the anaerobic environments where selenate reduction occurs lactate and
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other fatty acids would be a typical end product of fermentation reactions and so would be available
as a naturally occurring carbon source. This process is being tested in the acid rock drainage
reactors already described to see whether selenate and heavy metal cations can be simultaneously
removed from mine runoff water.

The third effort is in its early stages now, and involves sorption of selenate into algae-containing
alginate beads originally developed for removal of heavy metal anions [Jang et al. 1991]. In that
earlier work it was noticed that selenate, although it is an anion, was removed by the anionic
alginate polymer matrix. One hypothesis is that divalent cations provide a bridge to tie soluble
selenate ions to the immobile polymer. Microcystis algae is being added to the beads to improve
their total ion exchange capacity of the beads throught the action of the charged biopolymer
produced on the surface of this organism.

Radionuclides in concrete

Within the United States Department of Energy facilities there are an estimated 73 km2 of
radionuclide contaminated concrete surfaces, primarily floors and walls of operations facilities. The
poroous nature of concrete makes cleanup of these surfaces difficult. Physical operations such as
sandblasting present a large problem controlling operator exposure, while other techniques such as
acid etching create a voluminous waste stream or cause movement of the contaminants further into
the concrete.

Microbial etching of concrete is known to occur in bridges and especially in sewer systems where
H2S is present. Bacteria on the concrete, exposed to both air and H2S, oxidize the sulfur
compound to H2SO4, sulfuric acid, which attacks and dissolves the concrete. The process and its
result are quite similar to acid mine drainage. This process is being developed at the ENEEL as an
intentional way of cleanly loosening the upper contaminated layers of concrete surfaces.
Thiobacillus thiooxidans bacteria are inoculated onto the surface along with a reduced sulfur
compound such as H2S, elemental sulfur, or S2O3

2. A gel is used to hold these ingredients in place
while oxygen diffuses into the gel from the atmosphere. The process occurs slowly, but over the
course of a year the top 4-8 mm of concrete can be removed. This distance is sufficient to treat
most contamination sites. This project is to the stage of doing field tests at a decommissioned
nuclear reactor building at the INEEL. Additional lab work is continuing to improve the gel used to
supply the microbial nutrients.

Volatile sulfur species from asphalt processing

The processing of asphalt to make road paving materials is done in small plants. These tend to be
located near population centers because that is where the greatest demand for paving is. However,
the odors from hot asphalt and the polymer additives used to improve the asphalt's properties can
create a significant nuisance. These odors contain hydrocarbon species and sulfur compounds,
particularly hydrogen sulfide and various mercaptans. These sulfur species have detectable odors at
concentrations in air of 1 ppm or less.

In collaboration with a local asphalt supplier, INEEL biotechnology researchers have developed a
biofilter to treat the offgas at a local asphalt processing plant. A biofilter is a large bed of compost,
peat, soil, tree bark, or similar material through which contaminated air is passed. Bacteria native
to the bed material will, after an acclimation period, degrade the contaminants and cleaning the air
in a process that operates at ambient temperature and pressure. The overall process is shown in
Figure 4. From the batch blending tank, odorous air has steam injected and then is passed through
an air-cooled condenser to drop its temperature to a biologically tolerable range of about 35-40°C.
This cooling of humid air assures that the exiting gas is 100% saturated with water to prevent
drying of the bed. The air then flows into a perforated pipe distribution manifold buried in crushed
rock at the bottom of the biofilter and rises through a 0.9 meter depth of compost where the

411



conversion occurs. The deodorized air is then vented straight to the atmosphere. The biofilter bed
itself is contained in a small enclosure measuring 3.6 x 9.6 x 2 meters.

steam for humidity control

LJ
deodorized air

Air cooled condenser

T
water

Gas distribution manifold

Figure 4. Biofiltration process flowsheet for asphalt odor treatment

This system has been quite successful at removing H2S, but less so with hydrocarbons. The
biochemistry being done is the oxidation of hydrogen sulfide to sulfuric acid for energy. This acid
would raise the pH of the bed material and inhibit the bacteria, so crushed limestone [CaCO3] was
added the bed while it was being constructed to neutralize the acid as it forms. Figure 5 shows data
from a period when a high-sulfur additive was being added to a batch of asphalt. The condensation
step removed a large fraction of the water-soluble H2S fed to it, between 86-92%, while the
biofilter removed about 300 ppm of H2S continually and was an effective polishing device when
the influent to it was below about 400 ppm. In that later stage, the biofilter had no detectable H2S
in the effluent.

2000-r T 8 0 0 0

Biofilter inlet

Biofilter effluent

Cond. inlet

15

Figure 5. Performance of a biofilter removing H2S from an asphalt plant air
stream during feed of a high-sulfur additive to the asphalt blend tank. The

condenser effluent is the biofilter inlet stream.
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Conclusions

Bacteria are capable of performing a wide variety of chemistries useful in treatment of inorganic
materials. Some of the most interesting and unusual chemistry is done by extremophiles,
organisms which have evolved in severe environments. The most specific actions they can perform
are direct oxidation or reduction of an atom, with sulfates, nitrates, and some metal oxyanions
being the major targets. Bacteria can indirectly affect the treatability of inorganics by increasing or
decreasing their solubility through modification of the local environment, often by pH changes but
also through the production of chelating or precipitating agents. These broad abilities, which have
not been comprehensively explored, suggest that biological methods should be among the options
when evaluating how to handle a waste stream or a spill site contaminated with metals or other
inorganic ions.
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Uranium extracted (mg/kg contaminated
soil) using fungal treatments

In solution
In fungal biomass
Total removed
pH

Fungus/soil slurrv
P. simp. A. niger

40 112
93 42

133 154
4.7 4.4

Fermentation broth
P. simp. A. niger

225 233
-

225 233
4.5 3.9

Control

0
-
0

7.2

P. simp. = Penicillium simplicissimum; A niger = Aspergillus niger
Initial contamination level was 490 mg/kg soil.
All numbers are averages of duplicates.
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Introduction

Interest focuses upon polarisation of highly energetic photons elastically scattered by
atoms. In the present report we refer to a limited investigation of the state of polarisation
of photons scattered from lead (z = 82), examined in terms of photon energy and
scattering angle. As distinct from the S-matrix approach, from which present results are
obtained, the more commonly referred to description, in terms of form-factors, assumes
initially unpolarised photons and sums over final polarisation states.

Roy et al (1986) have noted that predictions based on a second order perturb alive
approach (the S-matrix method) indicate a departure from the form factor treatment, the
departure becoming more marked with increasing photon energy. In the following report
we provide further analysis of the departure from accord between S-matrix and the form-
factor calculation, the S-matrix analysis taking into account the contribution due to
Rayleigh scattering alone.

Theory

One approach to the treatment of elastic scattering of photons by atomic electrons is to
treat each interaction as a single vertex process. Details of this so-called form factor
approach have been discussed by Hubbell et al (1979). Alternatively the interaction of
photons with bound electrons can take into account excitation of electrons to higher
quantum and continuum states with re-emission of the photon, leaving the original state
of the atom unchanged. This so-called S-matrix approach has been reviewed by Kissel et
al(1980).

Total elastic scattering processes include contributions from the atomic Rayleigh
scattering process, nuclear Thomson scattering, nuclear resonance scattering and
Delbruck scattering (1933), the relative contribution of each depending upon photon
energy, atomic number of the target atom and angle of scattering

For energies below some 400 keV the elastic scattering is essentially that due to Rayleigh
scattering and the much smaller nuclear Thomson scattering. At higher energies the
scattering cross-section includes some or all of the other contributory processes. The
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present analysis do not take into account of these processes and looks only at the
Rayleigh scattering component.

Form Factor Approach

The scattering of photons from an atom are considered to be due to interactios with
atomic electrons, the form factor of which is given by

0 0

sin(qr)f / \sin(^i

The parallel and perpendicular amplitudes of the scattered wave are

and, A// = - f(q)cos0

Hence, the degree of polarisation is given by

l-cos2fl

l+cos2<9

In this description P depends solely on scattering angle 0 and is thus a purely
geometrical quantity, independent of energy of the photon. Figure 1 shows the variatian
of this quantity with scattering angle.

S-matrix Approach

hi term of this approach Kissel et.al.(1980) have provided expressions for the scattering
amplitudes, as follows

Re A±=-g{x)

Im

Re A// = - g(x)cos 9

Im A// = —- - Im Aj//
KJ J
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Where Aj is the contribution from the inner shells, obtained numerically by the partial
wave method. Figure 2 shows the behaviour of the ratio Re A// to Re Ai with
scattering angle 0 for various photon energies(photon energies from 59.5 keV through
4400 keV have been examined, as indicated in the key to the figure). This demonstrates
significant dependence of the quantity upon photon energy. As similar trend is shown by
the ratio of Im A// to Im Ax as depicted in figure 3.

The degree of polarisation as calculated by the S-matrix approach, as shown in figure 4,
is one in which the peak moves towards forward angles as photon energy increases.

Modification of the Form Factor

The independence of form factor amplitude on energy indicates physical deficiency in
the description, not otherwise seen in the S-matrix approach. A parametrisation procedure
in which the polarisation calculated using the form factor approach multiplied a the
reatardation term of relativistic origin is given by

(l-/?cos0)r"

where n is a parameter chosen to fit the physical situation. Here we have arbitrarily
chosen n= 1.25.

Figure 5 shows that the polarization can be made to depend on energy using this
procedure.

Concluding Remark

We have shown that the complete S-matrix treatment of the polarisation term can be
simply retrieved by modifying the form factor approach using a retardation term. Further
work is in progress in this direction.

Acknowledgement: The authors were indebted to the Pittsburgh group of R.H.Pratt, in particular Lynn
Kissel and P. Bergstrom, for providing S-matrix data.
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Abstract - A Radiation Alarm Monitor has been developed and manufactured in order to
protect radiation workers from overexposure. A visual and audible alarm system has
been attached to initiate evacuation when accident occurs such as an unexpected change
of radiation level or an overexposure. The Radiation Alarm Monitor with micro-
processor installed can record the information of radiation field change between 90 min.
before the alarm and 30 min. after the alarm and also provide the data to an IBM
compatible computer to analyze the accidents and to set a counterplan. It features a wide
detection range of radiation field (lOmR/h-lOOR/h), radiation field data storage,
portability, high precision (5%) due to self-calibration function, and adoption of a
powerful alarm system. According to ANSI N42.17-A, the most stringent test
standards, performance tests were carried out under various conditions of temperature,
humidity, vibration, and electromagnetic wave hindrance at Korea Research Institute of
Standards & Science (KRISS). As a result, the Radiation Alarm Monitor passed all
tests.

Key words : Radiation Overexposure, Microprocessor, ANSI N42.17-A, Portability, Self-
calibration Function, Light/Sound Alarm, Datastorage

1. Introduction

Various radiation detection equipments have been in use according to the working
conditions and the characteristics of radiation field in Korea. Moreover, the gradual
increase in use of radiation detection equipments is anticipated by the additional
construction of NPP's for stable electricity supply in Korea.

Recently, the necessity for developing advanced featured radiation detection
equipment has been increasing because of strong regulation against environmental
pollution by radioactive material in Korea. Especially, the demand for a multi-
functional and portable radiation measurement system such as radiation alarm monitor
developed has been increased to protect radiation workers against over-exposure under
the circumstance of unexpected radiation accident, to analyze the overall exposure dose
to the worker after accident, and to set a counterplan against such a accident in future.

The radiation alarm monitor developed has upgraded function such as a wide
detection range of radiation field (lOmR/h-lOOR/h), radiation field data storage,
portability, high precision (5%) due to self-calibration function, and adoption of a
powerful audible and visual alarm system.

In Korea, the standard and the specification for radiation alarm monitor have not
been established up to now. Thus, the basic requirements used for the design,
manufacture and performance test of the radiation alarm monitor were determined after
having reviewed fifteen foreign standards pertinent to the development of radiation
measurement system such as ANSI N42.27A, JIS Z4324 and etc.[l - 15]. The
opinions of radiation working personnel in NPP's about the developing monitor were
collected before the detail design step and reflected in detail design.
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2. Design of Portable Radiation Alarm Monitor

Generally, the radiation monitor to measure the exposure from X or y - rays can
cover the energy range between 80 keV and 1.5 MeV. However, it is sometimes
required to expand this energy band. Angular dependence of survey meters should be
minimized and the response time to rapid change of radiation field should be cut down.
Considering radiation alarm monitor's durability for neutron, the radiation alarm
monitor should be composed of the materials which minimize the effects of neutron
activation. Also, radiation alarm monitor should not be affected by electric wave and
DC electricity supply should be adapted to use dry cell for maximizing the advantage of
portability. The exterior case of radiation alarm monitor should be resistant to
temperature and humidity and be decontaminated easily.

2.1 Selection and Performance test of Detector
Generally, an area monitor and a survey meter measure the exposure from P, X or

y rays using GM tube. After having reviewed several standards, GM tube was selected
as a detector because of its generality and good detection efficiency. Instead of self-
development, GM tubes (Berthold, ZP1313) suitable to the developing purpose was
purchased and used in manufacturing our alarm monitor. Of course, the measurement
of plateau, the response test to Cs-137 at standard radiation field, the energy dependence
test and the angular dependence test were performed before their use. [16]

2.2 Determination of Calibration Function and Constant
Calibration equations were determined to elevate detection accuracy of the

radiation alarm monitor. Error range in converting the count rate to the dose rate was
adjusted within ± 5 % by inputting a first-order equation in low radiation field and a
second-order equation in high radiation field.

After having obtained the dose rates as function of count rates in standard radiation
field, a characteristic curve was plotted as shown in Fig. 1. The region of a
characteristic curve is divided two parts and the boundary point (BP) is the encountering
point of two parts. When the equation below BP is a first-order equation and the
equation above BP is a second-order equation, the detection error is within ± 5 % which
gives the smallest value.

Characteristic Curve
Dose Rate(R/h)

Count Rate(cps)1400 3H00

Boundary Point

Fig. 1. Region of First and Second order equations in the Calibration Function
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The equation below BP is described as y = ajX + a2 and above BP is described
as y = b,x2 + b2x + b3, where y is dose rate (R/h) and x is count rate of pulse (kcps).
Therefore the constants for calibration curve are BP, a,, a2, b{, b2, b3. The fitting result
for those equations is listed in Table 1.

Table 1. Constants for Calibration Equation

BP

2,500

ai

0.809

a2

- 0.0056

b,

0.0186

b2

0.52

b3

0..0465

2.3 Design of Central Processor
A central processor is the most important part and governs the performance of

Radiation Alarm Monitor. It operates Radiation Alarm Monitor using Intel 80C51 chip
as Central Processing Unit. It consists of memory part, micro-processor part, digital
input/output part, serial communication part, real time clock part, display part and pulse
counter part. The block diagram of central processor is shown in Fig. 2.

MEMORY

R O M R A M

16 kbyte

EEPROM
2 kbyte 32 kbyte

DIGITAL

INPUT

THUMB
WHEEL
SWITCH

—1
8255 —

— '

VO

CPU
80C51
MAIN

PROCESSOR

PORT1

TXD
RXD
Choice

1
1

REAL TIME

CLOCK

LCD
MODULE

LED
DISPLAY

GATE

RS232
SERIAL *
COMM.

Fig. 2. Block Diagram of Central Processor
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Memory part uses three kinds of memory chips such as RAM(2 kbyte, 6166),
R0M(16 kbyte, 27C128), and EEPROM(32 kbyte, DS1230Y/AB). RAM keeps the
data which comes from radiation input temporarily and ROM keeps Radiation Alarm
Monitor's operation program permanently. EEPROM keeps radiation input every one
second and operating condition of Radiation Alarm Monitor. In the case of occurring
alarm, the data kept in EEPROM can be provided to an external IBM compatible PC to
analyze the accident and set a counter plan.

The micro-processor part is a main part for the performance of the system operating
program and uses a 8 bit P80C51DH chip as CPU. The 80C51 chip has three ports that
communicate processing data to a external computer and a display panel. Therefore,
digital input/output is easily controlled.

Signal input/output between CPU and other device uses 80C51 chip's three ports
partly but this has some limitation. So parallel input/output port IC, 8255 chip, can be
used to expand digital signal.

Real time clock part uses a real time clock IC, Dallas DSI287, to set time and data,
initiate alarm, keep calendar for 100 years and perform programmable interrupt
management function.

Serial communication part uses RS 232C 9 pin connector and controls signal's
direction to an external computer or a display part. In case of providing data to an
external computer, this part initiates the data analysis program installed in ROM.

Display part consists of LED and LCD parts and the communication route to each
part is designed as follows : LED receives data by the serial communication port and
LCD is connected to CPU to receive data directly,

The number of pulse produced in the GM tube due to radiation is recorded at the
counter in CPU and converted to dose rate using the installed program after reading
every one second by the real time clock. Fig. 3 shows the front panel of Radiation
Alarm Monitor.

Radiation Alarm Monitor

Op.

Low Batt L E D

Alarm

Max.Dose

R/hr

L C D

Set

Setting Alarm

I
I i

Ace. Dose Dose Rate
Ace. Dose Calib Memory

OD.

Korea Electric Power Research Institute

Fig. 3. Front Panel of Radiation Alarm Monitor

2.4 Design of Radiation Detection and Alarm Part
Radiation detection part consists of a GM tube which detects radiation, a pre-

amplifier which amplifies small signal from GM tube to appropriate electrical signal and
a pulse converter which converts pre-amplifier's signal to pulse for preventing
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malfunction by electric noise.
The above parts should be located together inside the detector case so a pre-

amplifier and a pulse converter are installed on one electric circuit and a GM tube is
connected with this circuit board directly. Therefore, that all parts are lumped together
inside the case facilitate to conveniently use radiation detection part with a 20 m cable
connected with the main part. A schematic draw of radiation detection circuit is shown
in Fig. 4.

OUT Pre-Amp Part Pulse Converter

GND

Hi Utq PS

<>+OOU~600U>

Fig. 4. Schematic Diagram of Radiation Detection Circuit

Three types of pre-amplifier circuits such as transistor type, OP-amp. type and Dual
N-MOS FET type were considered and the pulse characteristics of these three types
were measured after design and manufacture. After having analyzed their pulse
spectrum, it was found that the transistor type gave electric noise and wide pulse. Also,
OP-amp. gave rise to severe electric noise. But Dual N-MOS FET type showed stable
pulse, so this type was selected as pre-amplifier circuit.

The circuit construction of pulse converter should be varied according to the
characteristics of GM tube, therefore the pulse converter is designed and manufactured
with accordance of our purpose by ourselves. Fig. 4 shows the electric circuit that
converts current to pulse.

Alarm part consists of a buzzer which can bring about audible alarm and a flash
lamp which can give rise to visual alarm intermittently. The buzzer uses a ceramic
vibrator as sound source and the sound level at 1 m is 105 dBA/12VDC. The flash
lamp uses high light intensity lamp to indicate alarm in a bad working condition and the
flashing interval is 1 second.

3. Test of Radiation Alarm Monitor

After having manufactured Radiation Alarm Monitor, performance tests were
carried out according to ANSI N42.17A mentioned before.

3.1 Temperature
In this test, temperature is varied from -10 °C to 50 °C to measure dose rate

according to the change of temperature and a Cs-137 is used as radiation source. The
testing equipment, Heraeus(Votsch), has the temperature range between -20 °C and 70
°C and its resolution is ± 0.5 °C. After a Cs-137 source was located near Radiation
Alarm Monitor, the change of dose rate according to the change of temperature was
measured. Radiation Alarm Monitor was located on the midplane of the Heraeus and
fixed at the height of 15 cm to maintain stable temperature. The results did not show
variation of dose rate according to the temperature.

3.2 Humidity
This test requires the humidity range between 40 - 95%RH at 22 °C. The closing

cover of detector case was the most sensitive part to humidity, so rubber O-ring was
inserted to closing cover to protect radiation detection part from humidity. Also, for
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water-proof of main part, anti-humidity material was attached to the back of front panel.
Humidity test was performed for 16 hours in 95 %RH situation and the results did not
show any problem.

3.3 Vibration
The vibrator of Korea Research Institute of Standards and Science was used in this

test and the testing range of ANSI N42.17A, 1 A/m - 1000 A/m, is consisted with the
IEC's vibration test range. Dose rate was varied within ± 10 % according to the
vibration condition, therefore Radiation Alarm Monitor passed this test.

3.4 Hindrance of electromagnetic wave
The range of static electric field test is under 5000 V/m but the test was performed

at high electromagnetic field such as 5000 V/m, 10000 V/m and 20000 V/m. The results
did not show any problem.

An electric wave test was performed inside of the non-magnetic field chamber
which is located in Korea Research Institute of Standards and Science. Only the
equipment for test is allowed to exist in the chamber, therefore the measuring data
cannot be read directly. Data in the memory circuit of chamber can be read after test.
Dose rate did not vary for hindrance of electric wave.

A magnetic field test was performed after locating Radiation Alarm Monitor at the
magnetic field ranged below 800 A/m. The magnetic field generator of Korea
Research Institute of Standards and Science was used in this test and dose rate did not
vary for hindrance of electric wave.

4. Conclusions

A Radiation Alarm Monitor has been developed and manufactured in Korea. The
Radiation Alarm Monitor with microprocessor installed can record the information of
radiation field before and after accidents and also provide the data to an IBM compatible
computer to analyze the accidents and to set a counterplan.

It features a wide detection range of radiation (lOmR/h-lOOR/h), radiation working
data storage, portability, high precision (±5%) due to self-calibration function, and
adaptation of a powerful alarm system. In order to protect radiation workers from
overexposure, light and sound alarm has been designed to initiate when accident occurs
such as an unexpected change of radiation level. It then records the change of radiation
field such as dose rate and accumulated doses for between 90 min. before the alarm and
30 min. after the alarm. In addition, the Radiation Alarm Monitor interfaces with a
computer so that the accident can be analyzed.

After the testing standards used in other countries for the radiation alarm monitor
were compared, the most stringent test standards, ANSI N42.17-A, was selected. And
according to these standards, performance tests were carried out under various
conditions of temperature, humidity, vibration, and electromagnetic wave hindrance by
Korea Research Institute of Standards & Science (KRISS). Furthermore, field
adaptability tests under the environmental conditions of NPP sites was performed. As
a result, the Radiation Alarm Monitor passed all tests. From then on the Radiation
Alarm Monitor had been reviewed by radiation workers at NPPs and their opinions had
been collected.

Conclusively, the newly developed Radiation Alarm Monitor has many different
characteristics comparing to existing ones such as data storage and treatment, interface
with computer, and use of direct current. Manufacturing cost for this radiation alarm
monitor is very reasonable.
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DEVELOPMENT OF IN VITRO RADIOMETRIC ASSAY FOR THE RAPID
ASSESSMENT OF CHLOROQUINE RESISTANT PLASMODIUM VIVAX

MYINT-OO, MYO-KHIN and NWE-NWE-OO

Abstract

Influxes (uptakes) and effluxes of 3H-chloroquine were measured in blood samples of 54
patients with Plasmodium vivax infection before standard chloroquine treatment. It was
found that seven patients who did not respond to standard chloroquine treatment have
rapid efflux in their parasites. The in vitro effluxes of 3H-chloroquine occurred between 5
to 10 minutes. Since rapid effluxes 3H-chloroquine in vitro showed strong correlation
with in vivo sensitivities, this assay could be used as a rapid diagnosis for chloroquine
resistant P. vivax.

Introduction
Plasmodium vivax is r major cause of morbidity, and increasing incidence has been
observed in Myanmar '-Oo et al, 1992). It is possible that the resurgence is due to
the emergence of chlo ^uine-resistant strains of P. vivax in Myanmar (Myat-Phone-
Kyaw et al., 1993). Recently, Marlar-Than et al (1995) has reported the decreasing
efficacy of chloroquine in hospitalised patients with P. vivax infection.
In Myanmar, long term laboratory studies on P. vivax cannot be carried out as it is not
possible as yet to maintain the culture. However, it is relatively easy to harvest schizonts
infected erythrocytes from venous blood without performing any in vitro cultivation.
Although the parasitaemia is lower than P. falciparum infection, schizonts of P. vivax
normally appear in the peripheral blood. Therefore, this study was carried out to examine
the influx and efflux of 3H-chloroquine in P. v/vax-infected erythrocytes from subjects
with various in vivo sensitivities to standard regimen of chloroquine.

Subjects and Methods
Subjects: Subjects attending the Clinical Research Unit (Malaria), Defence Services
General Hospital, Mingaladon for the treatment of malaria were screened for the presence
of late trophozoites and early schizonts of P. vivax. There were 54 subjects qualified for
the assays.
Parasite examination and counting: Confirmation of the parasite species was done
by the microscopic examination of Giemsa stained thin blood smears under oil immersion
(100X). The counting of parasites was done against 5,000 erythrocytes.
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^H-chloroquine influx and efflux asssays: P. v/vax-infected erythrocytes were
harvested according to the flow-chart given in Figure 1. Experiments were initiated by
the addition of 3H-chloroquine (Amersham, 47 Ci/mM) at a concentration of lOnM.
Chloroquine influx was terminated at the time points (0, 5, 10, 15, 20, 30 min) by
centrifugation of the cell-medium suspension through a layer of dibutyl pthalate in a
1.5ml microcentrifuge tube at 12,000rpm for 20 sec. After centrifugation, the cells were
sedimented below the dibutyl pthalate separated from the medium which remained above
the pthalate layer. The centrifuge tips were cut off at the junction between the cell pellet
and the dibutyl pthalate. The tips containing the cell pellets were placed in glass
scintillation vials and processed for scintillation counting as follows: cells were removed
from the centrifuge tips and lysed by vortex mixing with 0.5ml distilled water. The lysate
was digested by the addition of 0.4ml 1M quarternary ammonium hydioxide in methanol
(BDH, Poole, UK) followed by incubation for 4hr at 37°C. The contents of the vials were
decolourized by the addition of 0.1ml glacial acetic acid and 3.5ml scintillation fluid. The
tubes were then counted by Beckmann LS6000 Liquid Scintillation Counter. A sample of
the medium was also taken from each centrifuge tube and counted to check for the
excessive depletion of chloroquine from the incubation medium.

In vivo chloroquine sensitivity: Subjects with P. vivax infection (initial parasitaemia
more than 0.2%) were recruited for treatment with standard regimen of chloroquine
phosphate (Myanmar Pharmaceutical Factory)(600mg+600mg+300mg-three days
course). All subjects who do not respond to chloroquine within 7 days (RII and RIII) and
subjects with reappearance of parasites between day 14 and 28 (RI) were treated again
with standard regimen of amodiaquine (Rima Pharmaceutical Ltd., Cashel,
Ireland)(600mg+600mg+300mg-three days course) followed by primaquine 45mg stat
weekly for 8 weeks. Blood smears were examined daily upto 14 days, and then follow up
smears were checked on day 21 and day 28.

Measurement of serum chloroquine: Serum samples were collected on Day 1, Day 2,
and Day 3 respectively. Serum chloroquine levels were measured by a double extraction
procedure by Brodie et al. (1947) using a Coleman photofluorometer (Bruce-Chwatt et
al., 1986).

Assessment of chloroquine influx and efflux: The influxes and effluxes of chloroquine
by parasitized erythrocytes were analysed by plotting XY graphs (Time vs DPM) using
IBM-compatible Flexcom 80386-33 microcomputer.
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Results

The serum chloroquine levels of 54 subjects with P. vivax infections reached the
minimum chloroquine concentration of 150mg/L. No drug failure case was recorded in
this study. (Data not shown).

Although the in vivo sensitivity of chloroquine by 47 subjects with P. vivax infection
showed good response (sensitive), seven were observed to be resistant. There were some
variations in the duration of recrudescence. Three subject recrudesced between Day 14
and Day 21(RI), three subjects within a week (RII) (between Day 5 and Day 7), and one
subject showed continuous parasite positivity upto 7 days (RIII). The parasite clearance
time after second line treatment amodiaquine was between 1-5 days (data not shown).

Figure 2 represents the comparison between the mean levels of 3H-chloroquine uptakes
of seven chloroquine-resistant isolates and 47 chloroquine sensitive isolates. The critical
time for assessment between resistant and sensitive isolates was found to be between 5
and 10 minutes.

A strong relationship between the in vivo respone of chloroquine in P. vivax infected
subjects and in vitro 3H-chloroquine uptakes assays with their parasites was shown in
Figure 3.

Discussion

A number of hypotheses have been proposed to explain the mode of action of
chloroquine. Of these, raising of the parasite vacuolar pH (by the protonation of
chloroquine accumulated by the weak base effect), to a level above the optimum for acid
protease activity (Homewood et al, 1972), is receiving the greatest attention. This would
have the effect of inhibiting lysosomal function and limiting growth. It is not difficult to
envisage a hypothesis for chloroquine resistance based on the raising of vacuolar pH (as
the mode of action of chloroquine), on the absence of any evidence demonstrating
differences in buffering capacity between sensitive and resistant strains (as resistant
parasites accumulate less chloroquine than sensitive).

Development of resistance appears to be related to lower steady-state chloroquine levels
in the resistant parasites (Geary et al., 1986; Krogstad et al., 1987; Bray et al., 1992).
Resistance in P. falciparum based on reduced chloroquine accumulation in resistant
parasites could occur as a result of one or more of the following mechanisms; an
enhanced efflux of chloroquine from the vacuoles of resistant parasites; a change in the
buffering capacity of the food vacuole in resistant parasites, or a higher pH in the food
vacuole in resistant parasites.
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In our study, one of the above hypotheses (enhanced efflux) was tested in 54 isolates of
P. vivax infected erythrocytes. The rates of 3H-chloroquine efflux from resistant isolates
of P. vivax was more rapid than the sensitive isolates. The critical time point for rapid
efflux in all the resistant isolates was between 5 and 10 minutes. The results obtained by
in vitro radiometric assay of chloroquine were in strong agreement with the outcome after
in vivo chloroquine treatments. Therefore, it should be emphasized that the efficacy of
chloroquine could be predicted within a short time interval of 2 to 3hrs by performing the
in vitro radiometric assays of 3H-chloroquine.
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Figure 1. Flow chart for Chloroquinc efflux assay
(Plasmodium vivax)
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Figure (2) Chloroquine uptakes in resistant and sensitive isolates of
Plasmodium vivax
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Figure (3) Comparison of chloroquine efflux in sensitive
and resistant isolates of Plasmodium vivax
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F I G U R E ( 4 )

RELATIONSHIP OF IN VIVO CLINICAL TRIAL AND IN VITRO EFFLUX ASSAY
ON THE ASSESSMENT OF CHLOROQUINE SENSITIVITY
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A MULTIMEDIA TEACHING
SOFTWARE FOR SELF-
DIRECTED TRAINING IN
STEROID RECEPTOR
ASSAY

Information Technology & Self -
Directed Learning

Use of information technology as one of
the instructional tools in problem based
learning in the discipline of chemical
pathology is receiving widespread
interests.

This will hopefully speed up the process
of information access, retrieval, rehearsal,
cognitive apprenticeship
It is further hoped that through
the process of rehearsal the
software can assist the trainee to
encode the information gained
into long term memory
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Information Technology & Self -
Directed Learning

It is hoped that this software can
• assist the trainee in the process of learning by

presenting to him/her sequence of "related"
problems with feedback for success or failure-
learning from error, but with assistance - in a
real-world job problem or case - situated
learning- cognitive apprenticeship

• assist the trainee in appropriate neuro-
networking to make the appropriate response .

Information Technology & Self -
Directed Learning

This will ultimately improve the
understanding of chemical pathology and the
optimal uses of laboratory investigation

This program is written with a multimedia
software Authorware with the aim to create a
rich blend of animation, colours, video clip,
graphics, sounds and interactive questions (
without giving the answer away).
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Information Technology & Self -
Directed Learning- Diabetes Mellitus

• The novel aspect of our software-in
diabetes mellitus is in giving an estimate
of how much financial resource the
candidate has spent in solving the
problem presented to him. This could
encourage cost effective use of clinical
laboratory investigation.

Information Technology & Self -
Directed Learning- Diabetes Mellitus
• The software is divided into sections and

allow you to exit anytime you wish.

• The problem presented is a case of diabetes
mellitus which is used to highlight the
different aspects of chemical pathology.

• Hope you enjoy it and sent us comment for
further improvement of the software.

• Thank you for your patience.
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Information Technology & Self -
Directed Learning- Steroid

Receptor Assay
This software is divided into radioreceptor and
immunohistochemistry sections
This software insists that the participant goes
through the whole practical training process
The software starts with molecular biology aspect
of breast receptor and is followed by 2D
animation of the action of breast receptor, the
location of breast receptor and its pathogenesis.

Information Technology & Self -
Directed Learning- Steroid

Receptor Assay
There are also sections which give methodological
details on how to carry out the assay.
This software is modelled on the diabetes mellitus
version which we have developed previously. You
are also invited to try out this software (see
explanation on the diabetes mellitus software)
Please give us your feedback
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Information Technology & Self -Directed
Learning- Steroid Receptor Assay

This Software is jointly developed by
S.L. CH'NG*, MYINT AYE MU**,
H.M.CH'NG***, and R. PATHMANATHAN*
^Department of Pathology, University of Malaya,
Kuala Lumpur ** Department of Medical Research,
Yangon,*** Department of Biochemistry, Imperial
College, London (M.A.M. was on three-month
IAEA Fellowship attachment to S.L.C. laboratory &
H.M.C. was on three-month summer vacation
attachment to S.L.C. laboratory)

Information Technology & Self -
Directed Learning- Diabetes Mellitus
Jointly developed by:-
Professor CH'NG Soo Ling Dr. B. Clark

University of University of
Malaya Glasgow

Miss CH'NG Hui Min
Imperial College of London
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Information Technology & Self -
Directed Learning- Diabetes Mellitus
• This software is jointly developed by the

University of Malaya and University of
Glasgow under the CICHE Scheme of the
British Council: Chemical Pathology No: 334

• We would like to thank

1) University of Malaya for providing the

Pentium computer for this project

2) Professor Percy-Robb for his encourage

-ment and support
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THE USE OF X-RAY FLUORESCENCE TECHNIQUE (XRF) IN THE
DETERMINATION OF TRACE ELEMENTS IN ENVIRONMENTAL

STUDY: A CASE STUDY FOR SEDIMENTS AND SOILS

PENGGUNAAN TEKNIK PENDARFLOUR SINAR-XQCRF) DALAM MENENTUKAN UNSUR
SURIH DALAM KAJIAN SEKITARAN: KAJIAN KES BAGISEDIMEN DAN TAN AH

Hamzah Mohamad
Department of Geology, Universiti Kebangsaan Malaysia, 43600 BANGI, SELANGOR

Abstract

A specific x-ray fluorescence technique (XRF) was developed to determine the concentrations of
nine common and significant trace elements in sediments and soils, i.e. two of the common materials used
in environmental studies. The elements are Ba, Cr, Cu, Fe, Mn, Ni, Pb, V, and Zn. A total of 22
international reference materials of rocks, soils, minerals, ores and sediments were employed to construct
nine calibration curves, all of which depict linear correlation of concentration-intensity, with correlation
coefficient of 0.9 or better. The accuracy of determination is implied from the relative differences between
the observed and suggested values in four reference materials: USGS SCO-1, shale; CCRMP SO-1, soil;
CCRMP SO-2, soil; and SARM 42, soil. The determination of Fe is considered as very accurate, with
relative error of 5%. Accurate results, with relative errors of 5 -10% have been produced for Mn (6%), Cr
(8%), and Cu (9%). Only a moderate accuracy has been achieved for Ba (13%), Zn (18%), and V (21%).
Ni and Pb results are associated with larger errors. The developed technique is considered rapid, whereby
nine elements in 30 samples in the form of pressed powder briquettes can be prepared and analysed in 11 -
12 hours. Without extrapolating the calibration curves, the method is suitable to analyse elements in soils
and sediments in the following ranges of concentrations: Ba, 0 -1500 ppm; Cr, 0 - 3000 ppm; Cu, 0 - 300
ppm; Fe, 0 - 7%; Mn, 0 - WOO ppm; Ni, 0 - 300 ppm; Pb 0 - 70 ppm; V, 0 - 300 ppm, andZn, 0 - 270 ppm.

Abstrak

Sebuah teknik pendarflour sinar-X (XRF) yang khusus telah dibangunkan bagi menentukan
kepekatan sembilan unsur yang lazim dan penting di dalam sedimen dan tanah, yang merupakan dua
daripada bahan yang lazim digunakan dalam kajian sekitaran. Unsur tersebut ialah Ba, Cr, Cu, Fe, Mn,
Ni, Pb, V, dan Zn. Sejumlah 22 bahan rujukan antarabangsa berupa batuan, tanah, mineral, bijih dan
sedimen telah digunakan bagi membina sembilan lengkung kalibrasi kepekatan-keamatan, dengan pekali
korelasi 0.9 atau lebih baik. Kejituan penentuan telah didapatkan daripada perbezaan nilai cerapan dan
nilai cadangan bagi empat bahan rujukan: USGS SCO-1, syal; CCRMP SO-1, tanah; CCRMP SO-2,
tanah; dan SARM 42, tanah. Penentuan unsur Fe dianggap sebagai amat jitu; dengan ralat relatif 5%.
Hasilyangjitu, dengan ralat relatif sebesar 5 -10% telah berjaya dihasilkan bagi Mn (6%), Cr (8%), dan
Cu (9%). Kejituan yang sederhana sahaja diperolehi bagi penentuan Ba (13%), Zn (18%), dan V (21%).
Hasil analisis bagi Ni dan Pb beralat relatif lebih besar. Kaedah yang dibangunkan boleh dianggap cepat,
yang mana sembilan unsur dalam 30 sampel berbentuk keping serbuk tertekan dapat disediakan dan
dianalisis dalam masa 11-12 jam. Tanpa melakukan pengunjuran kepada geraf kalibrasi, kaedah ini
sesuai untuk menganalisis unsur dalam tanah dan sedimen bagijulat kepekatan berikut: Ba, 0 -1500 bpsj;
Cr, 0 - 3000 bpsj; Cu, 0 - 300 bpsj; Fe, 0 - 7%; Mn, 0-1000 bpsj; Ni, 0 - 300 bpsj; Pb, 0 - 70 bpsj; V, 0 -
300 bpsj, dan Zn, 0-270 bpsj.

Keywords: X-ray fluorescence, trace elements, sediments, soils
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INTRODUCTION

In the realm of instrumental quantitative elemental analysis, X-ray fluorescence technique (XRF) has gained
popularity, at least equivalent to more classical techniques such as flame photometry (FP), atomic
absorption spectrometry (AAS) and the more advanced inductively couple plasma technique (ICP). This is
partly contributed by the non-destructive nature of the technique, coupled by great improvement in machine
precision, thus the accuracy. The other contributing factor is the major development in computer and
robotics technology, which increases the analytical speed notably in the last two decades. Nowadays, more
and more environmental materials (water, fly ashes, sediments, contaminated soils, shells and slugs) are
analysed for the constituent elements by XRF technique.

This paper describes an attempt to developed a more specific XRF technique, intended for the
determination of concentrations of Ba, Cr, Cu, Fe, Mn, Ni, Pb, V, and Zn in sediments and soils. The work
is founded by the previous studies on the uses of XRF for the analysis of geological materials, such as by
Leake et al. •, and more recently by Gotto & Tatsumi (a)2 and Gotto & Tatsumi (b)3. Wide coverage review
on the subject by Hutchison4 , Norrish & Chappell and Hamzah Mohamad6 are also useful. A specific
study on the uses of XRF for the analysis of sediments has been treated by Hamzah and Azimah? .Two
technical reports by Siemens8 and Hurley9 give us more general idea about the capability of more modern
XRF machines. The data for certified reference materials are given in Flanagan10 and Bureau of Analysed
Samples Ltd.11.

EXPERIMENTAL PROCEDURES

Selection of method
Calibration method, the one chosen here, is one of the best solution available in case a high quality
quantitative analysis is demanding. Instead of comparing the X-ray intensity of an unknown to a reference
material of comparable composition, a number of standards are used, preferably more than seven or so.
Although we have to spend more money on standards, which are normally expensive, we win the advantage
of checking the accuracy by looking at how good the standards fit themselves into a straight line curve. It is
also possible to ignore one or more standards which fall too far from the straight line curve - for one reason
or another. For most trace elements, one can achieve a correlation coefficient of 0.95 or better.

Selection of standards
A very careful consideration has to be put on the requirement of the closest similarity between the
composition of standards and unknown (in this case, sediments and soils). This 'matrix problem' becomes
more crucial in trace element analysis because the process of dilution, to reduce matrix effect, is not
possible due to the already low elemental concentrations.

Sediments and soils share at least a common factor: both contain mainly fragments of decomposed
original rocks' materials, notably quartz and highly weathered feldspar. In addition, a considerable amount
of clay minerals as weathering products, and some highly resistant minerals such as apatite and zircon are
also common. Due to the fact that rocks, minerals, soils, and even some ores such as bauxite are composed
of silicate minerals, their total major element geochemistry can be described simply as Si, Al, Ti, Fe, Mn,
Mg, Ca, Na, K, and P. A package of 22 certified reference materials of rocks, minerals, soils, ores and a
sediment has been selected to construct the nine calibration curves (Table 1).

Preparation of standards
The selected certified reference materials, which are available in finely ground powder are made into 32
mm diameter pressed-powder briquettes, following the method suggested by Norrish and Chappell5, with
slight modification. One gram of sample is pressed (15 tonne, 1 minute) upon 6 g of hyperpure boric acid
powder, in a special cylinder. The finish product is 2 mm thick sample powder, cleanly rimmed and backed
by the boric acid powder. A skill worker might be able to prepare 12-15 specimens in one hour.
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Table 1: The list of 22 certified reference materials (CRM) employed.

No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

R = Rock

CRM Code

USGS AGV-1
USGS G-2
USGS GSP-1
USGS PCC-1
USGS SCO-1
USGS W-l
CRPGBR
CRPGGA
CRPGGH
CRPG MFe
CCRMP MRG-1
CCRMPSO-1
CCRMP SO-2
CCRMP SY-2
CCRMP SY-3
ANRT DT-N
ANRT UB-N
SARM42
SARM 51
BCS 368
BCS 395
BCS 600

M = Mineral

CRM type

Andesite
Granite
Granodiorite
Peridotite
Shale
Diabes
Basalt
Granite
Granite
Biotite
Gabbro
Soil
Soil
Syenite
Syenite
Kyanite
Serpentine
Soil
Sediment
Dolomite
Bauxite
Bauxite

0 =

(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(M)
(R)

(R)
(R)
CM)
CM)

(M)
(O)
(O)

Ore

Experimental setting
The analysis is performed on a fully automated, Philips PW 1480/10, a sequential wavelength dispersive X-
ray fluorescence spectrometer. The machine is equipped with 30-cup automatic sampler, a 2000W Rh tube,
and eight analysing crystals. The operation is controlled by analytical software X40. The elemental range is
B to U, inclusive, and the recommended sensitivity for most elements is a few parts per million. The
operational setting of the machine for the analysis under review is shown in Table 2.

RESULTS AND DISCUSSION

Calibration curves
Due to close similarity of matrix, concentration-intensity coefficient correlation of at least 0.9 have been
achieved for the nine elements. Figure 1 depicts the calibration curve for Fe, which show the best fitting.
Figure 2 shows the calibration curves for Ba, Cr, Cu and Mn, which shows good fitting. Ni, Pb, V and Zn
show less well-fitted curves (Figure 3).

Accuracy
The term relative error is used to represent accuracy. Relative error is defined here as the differences
between observed and recommended concentration values, expressed as percentages to the recommended
values. Four certified reference materials have been chosen from the 22 reference materials used, they are:
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Table 2. The set-up of Philips PW 1480 XRF Spectrometer.

Element

Ba
Cr
Cu
Fe
Mn
Ni
Pb
V
Zn

Line

LA
KA
KA
KA
KA
KA
LB
KA
KA

KV

80
80
50
80
80
80
80
80
80

mA

30
30
40
30
30
30
30
30
30

Filter

Out
Out
Out
Out
Out
Out
Out
Out
Out

Colli-
mator

Fine
Fine
Fine
Fine
Fine
Fine
Fine
Fine
Fine

Crystal

GE
LIF200
GE
LIF200

LIF220

LIF200

LIF 2 2 0

LIF200

LiF220

2-theta
angle

50.260
69.305
27.240
57.500
95.290
48.630
40.375
76.845
60.615

Detec-
tor

FL
FL
FL
FL
FL
SC
FL
FL
FL

Lower
Limit

35
35
39
35
18
20
25
35
25

Upper
Limit

65
65
65
68
68
65
75
65
75

FL = Flow Proportional Counter SC = Scintillation Counter

USGS SCO-1 (shale); CCRMP SO-1, CCRMP SO-2, and SARM 42 (soil). The four standards have been
assumed as unknown and were analysed using the nine calibration curves. The observed values are
compared to the recommended values and the relative errors are assigned to each of the nine elements.

In general, the accuracy of trace element analysis rarely better than those for major elements.
Through his experience, the author would like to recommend that any XRF trace element analysis which
associated with small relative errors of 5% or less can be considered as highly accurate, as shown in this
study by Fe. Those with relative errors of 5 - 10% can be considered as accurate analysis, as shown by Mn
(6%), Cr (8%), and Cu (9%). Moderately accurate analyses are shown by Ba (13%), Zn (18%) and V
(21%). Those with relative errors exceeding 25% (Pb and Ni) are considered as low accuracy analysis. The
accuracy of analysis of the studied elements is summarised in Table 3.

250.8
Fe2 Model: PH, 1 Corr.C 0 fixed) AP: GEO10 Z2-0CT-97 12:48

187.5-

125.0-

62.5-

0.0

Rcorr

E:
D:

RMS:

K_f:

0
0

02963
02247

10522.35

0 .38548

Cchen Fe (ppm
1 1 1 1 1 1 1 1 1

0 7500 15000 22500 30000 37500 45000 52500 60000 67500 75000

Figure 1 : The calibration curve for Fe
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Figure 2 : The calibration curves for Ba, Cr, Cu and Mn.



Figure 3 : The calibration curves for Ni, Pb, V and Zn.



Ba
Cr
Cu
Fe
Mn
Ni
Pb
V
Zn

lOOx
I O X - I O O X

lOx
10 OOOx

lOOx
lOx
lOx

lOOx
lOOx

Table 3. A summary of the accuracy of analysis based on four certified reference materials.

Element Magnitude of concentration Relative error
in sediments and soils12

13%
8%
9%
5%
6%

> 25%
> 25%

21%
18%

Speed
The average time taken to prepare 30 specimens, and to analyse the 30 samples for nine elements (with
counting time of 100s at peak and 20s at both sides for background) is 690 minutes. Therefore the average
time required for a single sample is approximately 23 minutes, which is considered a rapid method.

CONCLUSION

A rapid and highly accurate to moderately accurate XRF results can be obtained for some important trace
elements in sediments and soils, provided that a careful selection of comparable standards are made. The
quality of results, arranged in descending order are as follows: Fe, Mn, Cr, Cu, Ba, Zn, V, Pb, and Ni.
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SUMMARY OF PANEL DISCUSSION

Panelists:

Chairman : Dr. Nahrul Khair b. Alang Md. Rashid (MNS)

Members : Raymond Durante (ANS)
M. Hagiwara, Japan
M. Gupta, Canada
R. Nitschke
A. Basfar, Saudi Arabia
Mohamad Osman, Malaysia

Discussion

The Chairman outlined the working of this session is to allow each panelist to express their views of the
issues and challenges for nuclear science and technology in the new era, following that is a discussion
between the panelists and the participants, the chairman then summarized the session.

Dr. Basfar outlined the non-power applications of nuclear science and technology in the Middle-East
region. He also touched up the subject of commercialisation of the technology including food irradiation.

Dr. Gupta stressed the need for better and effective public acceptance efforts from the community. On
the strategy he also stressed the importance of presenting the public and balanced information.

Mr. Durante further stressed the importance of public acceptance and communicating the potential of
nuclear science of technology to end users.

Mr. Hagiwara, also on public acceptance stressed the importance of communication with the public and
the importance of honesty and forthrightness in dealing with nuclear science and technology news. On
his remark on which comes first, NPP or PAP, he mentioned that Japan is different in that it receives the
bomb first, then only introduces NPP - hence the public may easily be persuaded.

Robert Nitschke, mentioned about the importance of learning from first mistakes.

Mohamad Osman mentioned about the application of nuclear science and technology in agriculture and
education. He mentioned the usefulness of nuclear science and technology in generating new species for
improved yield, and that the improvement is in the form of enhance qualitative traits instead of increased
yield.

In the interaction part of the session, Dr. Cornet (France) concerned with the importance of economic
land commercial consideration in the introduction and adoption of new technologies. Dr. Amrollahi
(Islamic Republic of Iran) stressed the importance of financial aspect be taken into account. Prof Chong
(USM, Malaysia) raised the point of discussing international relation and proliferation as a factor that
need to be settled for taking nuclear science and technology into the next century.

In summarizing the discussion, the chairman noted that the main item raised is still public acceptance.
Other items being safety, financial, and the economics of the technology. On public acceptance the
chairman commented that the weight of the 'displeasure' of the public is not uniform across the spectrum
of applications of nuclear science and technology thus the nuclear science and technology should
capitalise on the areas in which the public has little apprehension. Further, since public acceptance is a
crucial factor, then it must be strengthened. One of the means by which this could be achieved is by
exploiting the non-power applications of the technology in various other sectors.
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Radiation Processing Technology in the 21st Century

Miyuki Hagiwara
Takasaki Radiation Chemistry Research Establishment (TRCRE),

Japan Atomic Energy Research Institute (JAERI),
1233 Watanuki-machi, Takasaki, Gunma, 370-12 Japan

Introduction

Ionizing radiation was discovered by Roentgen in his discovery of X-
rays in 1895, and its centennial anniversary was celebrated in many places
in the year before last. Studies on chemical and biological effects of the
radiation have been conducted since that time. The use of electron beams
from the accelerators and gamma-rays from Co-60 produced by the
nuclear reactors in the industrial processing started in between late 1950's
and early 1960's and expanded world wide. Now, including the
processing of various polymers, food irradiation, radioisotope production
and so force, the radiation processing technology contributes greatly to
industry, agriculture and medicine.

The radiation processing technology has made a great progress
during the past 50 years. The progress in the next 21st century will also
be great. The title of my today's talk is "Radiation Processing Technology
in the 21st Century". This is too wide for me to cover all the progress
which will happen in coming 100 years. The radiation processing
technology is growing and will continue to grow to meet various
requirements which will appear in future. At the Takasaki Radiation
Chemistry Research Establishment(TRCRE), we are making an effort to
give answers to anticipated future problems using the radiation processing
technology. I would like to talk about some prospects for the future of the
radiation processing technology with introducing current activities at the
TRCRE to you.

Radiation Processing Technology Using
Electron Beams and Gamma Rays
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Towards the 21st century, we are required more and more to create
innovative technologies to solve problems about environment, energy,
natural resources, materials, health care, food and others which are the
great concern to human beings. For the radiation processing technology
to survive, it will be required to provide answers to those problems.

To fight against the environmental problems, the elimination of acid
rain causing pollutants such as SO2 and NOx from the flue gas of coal or
oil combustion boilers by the irradiation with electron beams has long
been studied in Japan. A schematic diagram of the process is shown in
Fig.l. Under the irradiation with electron beams in the presence of
ammonia, SO2 and NOx in the flue gas are converted into sulfuric and
nitric acid respectively, and solidified in a form of ammonium salts which
can be used as fertilizer.

An economical assessment of the process for a coal-burning power
station showed that both costs for plant and operation are estimated to be
cheaper in the electron beam process than in the conventional lime-and-
gypsum process. Construction of commercial plant is scheduled by the
Chubu Electric Power Co., Inc., in Japan. Feasibility tests using a
commercial scale plant are being conducted in China, and planned in
Poland. The electron beam treatment is characterized in its simplicity of
the process and the recycle use of eliminated pollutants as fertilizer. It
will be a good example of the radiation processing technology which will
meet requirements of the society in the 21st century by serving in both
ways to the conservation of environment and the effective utilization of
resources.

Other examples can be cited for cleaning of environment and
recycling of resources as shown in Fig.2 and Fig. 3. Fig. 2 is a diagram
of a process for purification of factory ventilation air to remove toxic
volatile organic compounds such as trichloroethylene. For recycling of
biological wastes, as shown in Fig.3, radiation can be used as an effective
measure of disinfection in the process for composting of sewage sludge
into fertilizer and conversion of oil palm wastes into animal feed.

The use of radiation for polymer modification will remain as an
important field of the radiation application. It has been known that
chelating resins containing amidoxime groups have an excellent capacity
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to recover metals from sea-water with a very high selectivity.
Polyethylene fibers grafted with the amidoxime groups can collect metal
components, cyclicly, such as uranium, titanium, vanadium and so force,
which occur in the sea-water at very low concentrations(Fig.4&5). The
nuclear power generation has been facing difficulties to gain a public
acceptance in many countries, nevertheless, it will be inevitable for us to
continue to use it as one of main sources of energy in the 21st century.
The sea water will be able to provide fuel uranium with the aid of the
radiation processing technology.

The radiation processing technology of polymers will provide high
performance ceramic materials. Fig.6 shows a process for manufacturing
of SiC fibers. Polycarbosilane(PCS) fibers are irradiated with electron
beams for crosslinking and then pyrolized into SiC fibers. When the
pyrolysis of the crosslinked PCS fibers is conducted under ammonia gas,
silicone nitride fibers can be synthesized in place of silicon carbide. These
ceramic fibers can be used as reinforcing fibers of ceramic-ceramic
composites (C-C composite), as structural materials for a nuclear fusion
reactor, space development and others. The radiation processing
technology can similarly be applied for manufacturing of the composites.
As shown in Fig.7, PCS is composed with woven cloth of SiC fibers, and
then pyrolized into SiC after the irradiation with electron beams for
crosslinking the part of PCS. This process is expected to give composites
free from voids which cause usually a lowering in the mechanical strength
of the composite materials.

Some other promising polymer processing can be cited as those
which will grow in near future. For example(Table 1),

For environment technology
Polymeric fibers grafted with ion exchange residues to remove toxic

metals for cleaning industrial waste water,
For health care technology
Crosslinked polyvinylalchohol hydrogel for wound dressing
(Irradiation of hydrogel),
For high performance materials technology
Less-toxic crosslinked natural rubber latex (Irradiation of emulsion)
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Abrasion resistant crosslinked PTFE (Irradiation at high
temperature)

The radiation processing of polymers has been developed so far for
solid polymers in most cases at room temperature. In the future radiation
processing, the irradiation will be conducted to polymers at high
temperature near melting point or in various states like hydrogel,
emulsion and so force.

Ion Beams for the Radiation Processing Technology
in Next Generation

Ion beams of relatively low energy ranging in between 200 and
400keV have been used in an industrial scale for LSI production. Those
of MeV energy level are used for analytical purposes and radioisotope
production for medical purposes. In general speaking, however, the
application of ion beams for the radiation processing technology is still
limited in a narrow area. In order to create new areas of the ion beam
application, the ion beam facility called TIARA (Takasaki Ion Accelerator
for Radiation Applications) was constructed at the TRCRE of JAERI. The
TIARA consists of four ion accelerators, one AVF cyclotron and three
electrostatic accelerators, and it can provide various ion beams covering a
wide range of energy and mass number of atoms. Its features lie in the
beam utilization. It can provide heavy ion microbeams, pulsed beams of
nano-second width, irradiation to a wide area (100mm x 100mm) by
beam scanning, dual and triple beams, and so on. Present research
subjects using TIARA now cover studies on materials for the advanced
technology like space development and a nuclear fusion reactor,
biotechnology, functional materials, synthesis of novel radioisotopes, and
ion beam technology (Fig.8&9).

Silicon(Si) is widely used in manufacturing various types of
semiconductor devices. However, it has inherent drawbacks in connection
with its application to high temperature, high power, high speed
switching, and radiation resistant devices. Silicone carbide and diamond
are expected as materials for LSI in the next generation. For the
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fabrication of SiC devices, it is important to control donor and acceptor
impurities in SiC to regulate its electric conductivity. Nitrogen and
aluminum are generally used as a donor or an acceptor impurity element,
respectively. The ion implantation technique was found useful when the
process temperature was kept higher than 800°C. Various defects formed
during the implantation could be eliminated at temperatures over 1500°C
to form electrically effective pn junctions(Fig.lO).

For the use of diamond for semiconductor devices, synthesis of a
single crystal is a key technological problem at present. Ion beam
deposition technique is expected to enable such synthesis with ultra high
purity and high crystal perfection. Formation of thin film of diamond
crystal on a Si substrate was performed using low energy C-12 ion beams.
Energetic C-12 ions were mass separated and decelerated down to 10 or
100 eV. As shown in Fig. 11, diamond single crystal was formed at the
energy of 100 eV. It is interesting to note that the diamond crystal is
formed after the amorphization in the mixed layers of Si and C at the
surface of the substrate.

The use of ion beams in the processing of polymers is very limited at
present. Only the particle track membrane(PTM) is used. But its
performance is very low. In order to enhance the performance of PTM,
the radiation grafting of environmental responsive polymers was
conducted to the wall of the micro pores. Fig. 12 is a photo of AFM
observation to see the temperature responsiveness of the grafted pores. It
shows an open state of the pore at 30°C, and a closed state at 0°C. We can
also give other environmental responsiveness such as the responsiveness to
hydrogen ion concentration, or electric field strength. These responsive
pore membranes will be used for material diffusion control for
pharmaceutical purposes.

The radiation application for agricultural purposes has a long
history, but the use of ion beams is very scarce. In order to introduce a
desirable genes from wild plants to cultivar, many works have been
carried out, particularly in relation to disease- and insect-resistance.
However, it is very difficult or almost impossible to get a viable plants
between distantly related species, because of cross incompatibility or
hybrid inviability. Recently, we found that pollen irradiation with ion
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beams was effective for overcoming these barriers. For example, in the
case of tobacco plant, we found that the ion beam irradiation was
characterized by the fact that it could exclude a concurrent unfavorable
mutation which was inevitable, on the other hand, in the case of gamma-
ray irradiation (Fig. 13).

Further, ion beams was found effective to induced a novel mutant.
An ultra-violet light resistant mutant which had never been obtained by
other methods, was obtained by seed irradiation with C ion beams. Based
upon these fundamental results, I would like to emphasize that the use of
ion beams in the field of plant biotechnology will give us great profits in
near future(Fig.l4).

High Quality Radiation Sources in Future

I intended to show some future possibility which is foreseeable from
the current studies at TRCRE. Now, I will touch briefly upon radiation
sources in future. Synchrotron Radiation (SR) as well as X-ray laser,
neutrons and positrons will appear to the area of the radiation processing.
The SR and X-ray laser are electromagnetic radiation like gamma rays,
and characterized by their very high intensity and coherency. They will
give a great possibility for upgrading of the conventional radiation
processing technology like LSI production. The JAERI has been engaged
in the construction of those radiation sources. The latest SR-facility(SP-
ring 8) having been completed by a joint work of JAERI and RIKEN
began to operate in this month(Fig.l5).

Neutrons will develop a novel field in the radiation processing
technology where nuclear reactions play an important role, such as
processing for annihilation of long-lived radioactive wastes produced in
the nuclear power generation. The major facilities to be constructed are
shown in Fig. 16, thus, 1) a super-conducting proton linac with proton
energy of 1.5GeV and maximum beam power of 8MW for neutron
production , 2) a linac with proton energy of 1.5GeV and maximum beam
power of 5MW, allowing high intensity pulsed neutron beams for neutron
scattering, and 3) research facility complex for accelerator-driven
transmutation experiments, material irradiation and so force.
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A positron is an antibody of electron. It has an unique mechanism
for ionization. It can ionize material through the positron attachment
followed by electron-positron pair annihilation. Thus, the ionization can
be induced in a soft manner in a very low energy range from sub-eV to a
few eV, and therefore, it is totally different from a violent manner by
kinetic energy of energetic radiations. Positrons attach to chemically
active groups which have large positron affinity and induce specified
bond scission through the soft ionization. When it becomes possible, we
could have a new tool for material manipulation. Under the positron
project, positrons are produced by conversion of energetic electron from
a linear accelerator of lOOMeV and beam power of lOOkW. High energy
electrons are bombarded on an electron-positron converter, which causes
a cascade shower of Bremsstralung and pair production reactions to
generate energetic positrons. The energetic positrons are then moderated
to be slow positrons. A tentative goal of the slow positron beam intensity
is as strong as 10i0/sec(Fig.l7).

Conclusion

The radiation processing technology will continue to provide
possible technological solutions to the problems in the 21st century.

Table 2 shows the summary of my talk. In the field of environment,
the electron beam cleaning of the flue gas will widely be accepted,
because of its technological and economical benefits. Atomic power
production can be sustained by fuel uranium from sea water. The
radiation processing technology will also contribute to health care field by
supplying new pharmaceutical polymer products. Interesting application
of ion beams is expected in the field of biotechnology to enhance food
production. Materials like SiC composites are expected as structural
materials for the use under extreme conditions such as high temperature,
intense radiation, possibly being capable for the use in space, nuclear
fusion reactor. Electronic devices will also be more adaptable under
severe conditions by introducing SiC and diamond as the basic
semiconductor materials for the next generation LSI. Ion beam processing
technology will be applied for their manufacturing.
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As new radiation sources, Synchrotron Radiation(SR), neutrons and
positrons which are characterized by their high quality and strong
intensity will become available. Their present main interest is not
necessarily in the application to the radiation processing technology, but
they will certainly contribute to the progress in the radiation processing
technology in future.
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Table 1

For Environment
Polymeric fibers grafted with ion

exchange residues to remove toxic
metals for cleaning industrial waste
water

For Health Care
Crosslinked polyvinylalchohole

hydrogel for wound dressing

For High Performance Materials
Less-toxic crosslinked natural

rubber latex
Abrasion resitant crosslinked

PTFE
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Table 2 Radiation Processing Technology
Contributing to Human Life in 21st Century

Environment, Energy & Natural Resources
Cleaning of oil & coal combustion gas by electron beams (elimination of SOx, NOx)
Cleaning of industrial waste water (elimination of Pb, Cd and other toxic metals)
Cleaning of air (elimination of trace HCI, NH3, amines and others in air)
Recycling of agricultural wastes, plastics and others
Recovery of useful metals from sea-water (U, Ti, V and others)

Health Care & Foods
Radiation polymerized or crosslinked clean polymers (drug delivery, wound dressing)
Radioisotopes for diagnosis and cancer therapy (positron emitting RI and others)
Mutation breeding & cell surgery by ion beams (new plant species for foods, flowers and others)

Materials
Ceramic fibers and composites (space development, nuclear fusion reactor, e t c t )
Radiation Vulcanized Natural Rubber Latex (surgery and household uses, clean and safe)
Abrasion resistant crosslinked PTFE (industrial use, space development, e t ct.)
Manufacturing next generation LSIs (SiC semiconductor devices, single crystallin film of diamond)

New Radiation Sources
Synchrotron Radiation (LSI manufacturing, et. ct.)
Intense High Energy Neutrons (transmutation of long lived nuclides from nuclear power plants)
Intense Low Energy Positrons (material manipulation, et. ct.)
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INTRODUCTION

It was 52 years ago that the "bombs" were exploded in Hiroshima and Nagasaki.
About a decade later the first nuclear power plant was put into commercial operation
in England.

Every technology is a double-edge swords. Thus, the first event represents the only
application of this technology within its "dark" side, i.e. military; the second
represents its principal peaceful applications, and is within its "bright" side, i.e.
nuclear power production. Both have been occupying the center stage of news
report on and have strongly influenced almost all things about this technology,
including public acceptance - an agenda within this technology which seemingly is
very reluctant to leave the arena.

Over this period, nuclear science and technology (ns&t) has also been colored in
many public minds by the names of famous projects and places such as the
Manhattan Project, Hiroshima, Nagasaki, Three Mile Island, and Chernobyl much
more than by words such as cancer therapy, mutation breeding, radiation processing,
chemical-free processing, environment friendly technology, etc. It may seem that
ns&t for a long more time to come will still be trapped in this image that we know
impedes its smooth and effective integration into our total technology requirement.

But things do not remain static. The recent unfolding of events in the former USSR
and Eastern Europe lead to the diminishing importance of nuclear arms race as the
dominant factor in influencing international relations. This would change the
possible future scenarios of the political, economic, social, and technological
dimensions of ns&t. Industrial and economic might are being assimilated more and
more with political influence and strength. Gradually, perhaps, the advancement of
political ideology would take the back seat to, or share the same seat with,
commercial excellence and economic consideration. The social dimension would be
filled by the concern for environment - clean-up and preservation, elimination of
poverty, and improvement of the quality of life. The recognition accorded to science
and technology, and commercialization as the vehicle for reaping its benefits and to
spur growth, in many countries will create a "new demand" for ns&t to meet.
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eleven nuclear medicine centers are currently operating. All are served by the MINT
technical service and consultancy groups. At the same time, the Malaysian position
on nuclear power program is well-known; that it is an open but the last option after
oil, gas, hydro, and coal. It therefore can be seen that despite the absence of nuclear
power program, which is regarded as the mainstay or the core of ns&t, non-power
applications of the technology have been able to make visible impact. This can
persuade the public to warm up towards the technology positively, thus correcting
its image and easing up its eventual acceptance.

Malaysia is also a rapidly developing country. The positive correlation between the
increasing use of ns&t and the level of development in the country points to the fact
that ns&t does contribute to overall development objectives. In this geographical
region alone, there are many more countries still are developing. If the Malaysian
experience is true for any country, then ns&t is expected to further develop in this
region, thus contributing to the diffusion of the technology, at least in its non-power
applications.

ISSUES AND CHALLENGES

In 1996, The International Nuclear Societies Council (INSC) published a report
outlining the vision of nuclear energy in the next fifty years. The report strikes
optimistic notes on the future of nuclear energy and its non-power applications. It
estimates that by the year 2050 nuclear power and natural gas will be responsible for
the world energy requirement as the utilization of oil and gas declines. It also
estimates that nuclear power will supply about 40% of the total electricity demand of
the world. To achieve that, the report also cited some issues which needs to be
handled. These include capital outlay for nuclear power generation, plant and
operational safety, waste management, nuclear weapons proliferation, the
environment, and public acceptance.

For many countries, the cost of setting-up a nuclear power program is still
considered high when the needs for waste storage and disposal as well as the need
for having well established engineering capability and infrastructure for sustaining
the program, including the cost of the power plant itself and the need for liability
insurance, are considered. For that reason, the growth of nuclear power production
will be influenced by the rate at which developing countries of the world
industrialize. Developments in nuclear reactor technology especially in enhancing
operational safety, in reducing its cost, and in finding solutions to radioactive waste
issues can have positive influence on the growth.

The issues of safety, radioactive waste, nuclear weapon and proliferation, the
environment, and public acceptance are common threads running across all
applications of ns&t. The blurring of the picture between the applications of the
technology for weapons production, power, and non-power applications in the mind
of the public renders the commonality of the issues. While priding ourselves on
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Could all that serve as pointers that ns&t would fare better in the future or has it
reached the plateau of its S-curve? The correctness of any answer to this query can
only be ascertained after the fact. Nevertheless, trends and current issues can assist
us in predicting the answer. Towards that end and for attempting to fathom what
the new era of ns&t would be, we shall look herein some issues, challenges, and
strategies facing the technology.

THE GROWTH OF NUCLEAR SCIENCE AND TECHNOLOGY

By applications, ns&t can be categorized into two at the topmost level, viz. non-
peaceful and peaceful. The non-peaceful applications as we know is its exploitation
for weapons purposes. The peaceful applications can further be divided into two
categories, viz. power and non-power applications.

The development of ns&t was motivated by the bomb, but its growth is not; rather
the growth is being adversely affected via negative public perception by the very
motivation it was developed in the first place. The setting up of national laboratories
and research institutes during the formative years of this technology were for the
sole purpose of developing the bomb. The race towards achieving this aim is one of
the most written about history of the development of science and technology. In
later years, however, perhaps after the Second World War, national research
laboratories in ns&t were established for the purpose of exploiting its peaceful
applications, or at least those were the stated objectives. This has been the
mechanism by which this technology grows by diffusion to developing countries.
Perhaps it is correct to say that horizontal proliferation of the technology occurs in
its peaceful applications; and with the efforts to dismantle nuclear weapons program
or at least curtail it, the image of this technology could improve in the future,
provided that the conversion of its defense aspect to commercial aspect and other
technical issues surrounding its applications for power production (e.g. waste and
safety) are managed effectively.

The power application of ns&t refers to its utilization for electricity power
generation using nuclear power reactors. Nuclear power generation has shown
remarkable growth until after the Three Mile Island accident in 1979. This accident,
even though did not result in the release of significant level of radioactivity to the
environment, has detrimental effect on the growth of the nuclear power industry.
Existing plant orders were canceled and future plans were put on hold or scrapped
altogether in many countries. This situation was made worse by the Chernobyl
accident seven years later. Except in a few countries, notably France and Japan,
nuclear power programs seem to have its fate buried or at least stagnate. The
situation however may be different in other growth areas of the world. In addition,
concern for global warming, acid rain, and the need to conserve non-renewable
energy resources could bring nuclear power back into life.
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The non-power applications of ns&t is the least known domain despite the fact that
it cuts across most of the main socio-economic development sectors: medical,
industrial, manufacturing, agriculture, and the environment. Indeed, a mention of a
real contribution of ns&t in any of these sectors to the public sometimes draws a
surprise look, but that is usually followed by a nod of agreement and satisfaction that
there are more to this technology than just weaponry and power production. A lot
of the applications of this technology for non-power production are the spin-off of
either the weapons application or the power production applications (e.g.
radiography, mutation breeding, radioisotope production, etc.). This is expected
since the technology was not developed for this purpose initially.

While the power applications side of this technology is experiencing a general
slowdown, its non-power applications continue to expand. The active involvement
of many countries in this area, for example via the IAEA programs, in upgrading
national capabilities in the peaceful uses of this technology is an indication of its
healthy growth. It is quite logical that the nuclear power program is preceded by the
establishment of its non-power applications. In that manner, capabilities and
infrastructures - technical as well as administrative, can be set up and built for the
technology to take root in the country. These capabilities and infrastructures will
form the foundation for nuclear power program. In fact, successful applications of
this technology in the non-power sectors have encouraged others to view it as a
useful tool to solving practical problems. To illustrate, and to provide some clues as
to possible strategies for further diffusion of this technology, let us take the example
of its development in Malaysia, a country without nuclear power program but with
an active program in non-power applications of the technology.

Nuclear science and technology in Malaysia has a humble beginning with the
applications of isotopes and radiation for medical purposes forming the main
activities. It experienced a steady growth following the establishment of the
Malaysian Institute for Nuclear Technology Research (MINT) in 1972. The national
administrative infrastructure for this technology to operate was completed following
the setting up of an independent nuclear regulatory agency, the Atomic Energy
Licensing Board (AELB), in 1985. In 1986, MINT began offering its expertise and
capabilities which had that far been developed through a technical service and
consultancy group to end-users both in the public and private sectors for nominal
fees. Among the first being offered was neutron activation analysis using its 1 MW
TRIGA Mk II reactor. The services received encouraging response. Today, there
are several technical service and consultancy groups in the Institute serving
customers in the various economic sectors. The services rendered range from non-
destructive testing, supply of radiopharmaceutical kits, generation of new species of
crops and horticulture, tissue grafts, industrial plant quality assurance, non-chemical
sterilization, waste management, radiation safety, to environment monitoring. The
revenue generated also increases yearly. Gamma sterilization technology which was
first demonstrated by the Institute to be safe and economically viable in the
commercial world has successfully been transferred to the private sector. Starting
from only about five nuclear medicine centers in the country some fifteen years ago,
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eleven nuclear medicine centers are currently operating. All are served by the MINT
technical service and consultancy groups. At the same time, the Malaysian position
on nuclear power program is well-known; that it is an open but the last option after
oil, gas, hydro, and coal. It therefore can be seen that despite the absence of nuclear
power program, which is regarded as the mainstay or the core of ns&t, non-power
applications of the technology have been able to make visible impact. This can
persuade the public to warm up towards the technology positively, thus correcting
its image and easing up its eventual acceptance.

Malaysia is also a rapidly developing country. The positive correlation between the
increasing use of ns&t and the level of development in the country points to the fact
that ns&t does contribute to overall development objectives. In this geographical
region alone, there are many more countries still are developing. If the Malaysian
experience is true for any country, then ns&t is expected to further develop in this
region, thus contributing to the diffusion of the technology, at least in its non-power
applications.

ISSUES AND CHALLENGES

In 1996, The International Nuclear Societies Council (INSC) published a report
outlining the vision of nuclear energy in the next fifty years. The report strikes
optimistic notes on the future of nuclear energy and its non-power applications. It
estimates that by the year 2050 nuclear power and natural gas will be responsible for
the world energy requirement as the utilization of oil and gas declines. It also
estimates that nuclear power will supply about 40% of the total electricity demand of
the world. To achieve that, the report also cited some issues which needs to be
handled. These include capital outlay for nuclear power generation, plant and
operational safety, waste management, nuclear weapons proliferation, the
environment, and public acceptance.

For many countries, the cost of setting-up a nuclear power program is still
considered high when the needs for waste storage and disposal as well as the need
for having well established engineering capability and infrastructure for sustaining
the program, including the cost of the power plant itself and the need for liability
insurance, are considered. For that reason, the growth of nuclear power production
will be influenced by the rate at which developing countries of the world
industrialize. Developments in nuclear reactor technology especially in enhancing
operational safety, in reducing its cost, and in finding solutions to radioactive waste
issues can have positive influence on the growth.

The issues of safety, radioactive waste, nuclear weapon and proliferation, the
environment, and public acceptance are common threads running across all
applications of ns&t. The blurring of the picture between the applications of the
technology for weapons production, power, and non-power applications in the mind
of the public renders the commonality of the issues. While priding ourselves on
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upholding safety standards, our failure in being forthright and forthcoming
occasionally on incidents that involve matters perceived by the public as important to
safety, even admittedly of no grave concern technically to us who know the subject
matter, affect the credibility of our voice in projecting objective view on ns&t.
Generally, the public tend to believe less, or disbelief altogether, statements coming
from the nuclear community. If this situation persists then the effort on public
acceptance is an uphill battle all the way. The challenge then is to win public
support.

While there has been no addition to the list of nuclear weapon states (NWS), the
issues of proliferation and upgrading of capabilities in this area in threshold countries
as well as the readiness of the NWS to dismantle their weapon program, the issue of
proliferation, and more recently the issue of surplus nuclear materials from defense
program occupy the political dimension of this technology. The strengthening of the
international safeguards regimes, the efforts to reduce stockpiles of nuclear arsenals
in the world, and the many initiatives to form regional nuclear weapons free zones
are some developments on the positive side. In addition, the linkage between
peaceful nuclear program and its military uses is a no less important issue. In this
regard, the effect of the "trigger list" items on international trade and genuine
technology transfer and development must be minimized.

The control and accounting and the usage of plutonium from dismantled nuclear
weapons program in civilian nuclear power program, as well as the potential of
diversion and theft pose several challenges to the nuclear community. Measures to
detect illicit trafficking has already been installed. The effectiveness of this
mechanism must be assured. Another legacy of the defense program is
environmental clean-up of defense laboratories in the US. Even though this is of
remote technical and financial concerns to other regions, the effectiveness of the
operation can enhance the image of the technology.

Issues on non-power applications of this technology are centered around the
economics of the technology utilization. In some cases, nuclear technology is used
only because it is the only choice - the only technique that can do the job. In other
cases, there exist direct or indirect competition from different methods. In this
respect, driving forces external to technology such as environmental regulation and
laws are instrumental in deciding the choice for using the technology. Technology
alone does not make things happen; the political, economic, and social dimensions
must also create conducive environment for it to grow. Regulations for example
play the dual role of promoting the use of the technology as well as ensuring its safe
and proper applications.

In commercializing nuclear technology, at issue is it is seen to be capital intensive
which is one of the entry barriers for small and medium scale enterprises. It is also
seen that newly formed companies, driven by techno-entrepreneurs, are more
receptive to adopting new technology. Large, well-established companies have
much already being tied up with "old" ways which needs to be retrofitted or
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modified before nuclear technology can be used. In addition, nuclear processes are
also efficient that the volume for its economical operation, e.g. reasonable capacity
utilization, may not yet exist, especially in developing countries. An obvious case for
this is nuclear power which require certain base load level before the program can be
justified, else there will be excess capacity.

The issues enumerated above are by no means exhaustive. Some may only be
regional in nature, while others are universal, geographically as well as technically.
In the technological dimension, rapid progress in other areas poses additional
challenge to ns&t. Development in new material requires further developments in
non-destructive testing technology, for example for non-metallic materials. There
are of course other examples of this kind. In this complex world, other issues will
emerge, and it is up to us to seize the opportunity presented by them.

SOME STRATEGIES

In the aspect of public acceptance or lack of it, the degree of adversity towards the
technology varies across the entire spectrum of its applications; from almost no
rejection for medical purposes to complete rejection in weapons applications. The
general public do not reject ns&t outright, but they are quite discriminative in their
oppositions to ns&t. We need to capitalize on those positive traits of this
technology and emphasize more of this aspect in our efforts in public acceptance and
education. We need to be more rigorous in tackling public information efforts. This
includes being more transparent, forthright, and timely in our explanation of events
that are of concern to the public. Delayed admission and apology do not help
towards erasing public attitude that the nuclear community is secretive and is
promoting the technology out of self interest. The public is concerned and they want
to know. Unless we fill in the news, others who are unsympathetic to ns&t for
whatever reasons will fill the gap.

While it may be unreasonable to expect drastic change in public attitude, other
developments may alter the image of this technology. Rapid progress that has given
rise to environmental pressure and public concerns thereof is a real potential that
ns&t can tap. Peaceful applications of ns&t have a lot to offer in this area.
Radiation processing, as example, not only reduces the usage of toxic and hazardous
chemicals, but is also able to turn wastes into useful material. Rarely this potential is
known to the public and even to the potential beneficiaries too.

Nuclear science and technology is also rarely regarded as the mainstream technology
without nuclear power program since the latter is seen as the nuclear "industry."
This is in contrast to other technologies, electronics for example which serves the
electronics industry. Being a tool as it is, ns&t has no "natural home," rather it
dwells in several areas. This is not necessarily a disadvantage. This diversity in its
applications provides an invaluable platform for us to interact with many areas of
human endeavor.
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The Malaysian experience shows that commercialization is an important element in
realizing the benefits accrued by any technology, ns&t included. Indeed, the survival
and further growth of institutions, and technology, depend on them being
continuously relevant to the needs of the time. The Malaysian experience also shows
that for the business community to commercialize the technology, they need to be
shown the way. Thus, technology development needs to go the extra miles closer to
commercial world, for example through the setting up of commercial or semi-
commercial scale demonstration or pilot plants. In this manner, the economic
viability of the technology can be demonstrated and potential entrepreneurs will be
able to gauge financial risks and rewards associated with it.

As new technologies emerge and existing ones progress our capability to
comprehend all of them becomes limited. At the same time, the degree of
dependencies between them increases - technology fusion as well as technological
interconnectedness. Thus, there are needs for nuclear technologists to widen its
knowledge base encompassing at the least those areas in which ns&t can contribute.
In this respect, vertical networking between the practitioners of ns&t with other
technology practitioners/ providers becomes essential.

THE FUTURE

Looking on the positive side, despite adverse public reaction, ns&t in general
continues to gain followers and users. Nuclear power reactors are still generating
electricity and its other peaceful applications are contributing to the development of
the socio-economic sectors of many countries. The network of international as well
as regional cooperation for nuclear safety and agreement for nuclear weapons free
zones, among others, should provide the international administrative infrastructure
for ns&t to continue serving humanity in the next century.

In respect of nuclear power, the Asia and Pacific region is experiencing rapid
growth. Its energy needs will increase in the future. At some point, nuclear power
may become favorable again as the ability of conventional energy resources to fulfill
energy needs decreases and the pressure to reduce environmental burden increases.
Within the next century, other regions of the world is expected to be on the same
path. The early starters of the West would experience capacity degradation due to
aging of their nuclear reactors; this needs to be replaced. If the two coincides, then
there would be enough motivation for further development and utilization of ns&t
for power production.

In the non-power applications, industrialization of countries in the developing
regions will create new avenues for nuclear technology to grow. Efforts to de-
militarized the technology would create new civilian applications. Again assuming
they achieve a synergy, growth of ns&t in the future can be expected.
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However bright an area is, there are always shadowy spots which we have to look at
and avoid. I believe the success of ns&t in the future depends not only on our ability
to be in the bright areas but also our resolve and ability to contain the shadowy spots
from spreading.


