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1. BACKGROUND.

High energy, ionizing radiation (gamna and electron beans) has
been used by industry for many years and for different
applications. Well established applications include: industrial
sterilization of health care products (medical products and
medicinaIs), radiation modification of plastics (crosslinking of
wire and cable insulation, heat shrinkable materials, etc.) and
radiation curing of adhesives and coatings on different substrates.

About 160 gamma radiation facilities and more than 600 EB
accelerators are currently used for these applications worldwide.
In developed countries more than 50% of all medical products are
sterilized by radiation.

This technology is attractive to industry for various reasons:
it is simple and reliable, it is safe for operating personnel, for
environment and for end-users.

New applications are emerging as a result of development
efforts by industry and researchers. Some of new applications are
being tested at the pilot or industrial demonstration scale, and
some processes have been already commercialized, at the limited
scale.

2. PURPOSE.

The main purpose of the meeting was to provide a forum for an
exchange of information about the new developments in radiation
technology, to review the status of these developments and to
discuss potential for commercial applications.

Further objective was to discuss the role of the Agency in
promoting new technologies, research and transfer of technology to
developing countries.

The meeting was expected to prepare recommendations to the
Agency for future activities and programme in this field.

3. PARTICIPANTS AND THE VENUE.

Participants and observers were nominated by the Agency
Member States. The list of participants is given in Annex 1.

The AGM was held in Jerusalem, Israel, 1-5 February 1993, at
the Hotel Paradise and was hosted by the Hebrew University,
Department of Physical Chemistry.

4. PROGRAMME.

The Agenda of the meeting is given in the Annex 2.
Opening and welcome addresses were given by Mr.S.Machi, DDG-RI

(on behalf of the Agency), Mr.J.Gilat, assistant director of the
Soreq Nuclear Center and Mr.M.Wolf, from Ministry of Science.



Objectives of the meeting and background were explained by
Mr.V.Markovic (IAEA) and the Agenda was modified to acconodate
presentations by some additional speakers.

Prof. J.Rabani, The Hebrew University of Jerusalem, was elected
as chairman of the meeting.

The Agenda of the meeting was divided in three main parts:
- individual presentations and discussions on various topics;
- general discussion and drafting of conclusions and

recommendations;
final discussion, acceptance of conclusions and

recommendations.

Summary of individual presentations.

The following is a short summary of all presentations and
discussions. Some additional details are given in abstracts.
Annex 3.

Wu Jilan. China, provided a detailed account and resume of the
8th International Meeting on Radiation Processing (IMRP8), held in
Beijing, China, September 1992. The meeting was organized "in
cooperation with the Agency" and attended by more than 400
participants from developing countries. Many new developments were
reported and proceedings are prepared for publication
(Rad.Phys.Chem., Pergamon Press, UK). The content of proceedings is
given in Annex 3.

G.Jacobs. Israel. reviewed the status of radiation
applications in pharmaceutical industry. This may include:
decontamination/sterilization of drug containers and packaging,
decontamination of raw materials and sterilization of an end-
product, often in the final packaging. The total volume processed
by radiation is still relatively very small. New trends by
regulatory bodies to introduce terminal sterilization, whenever
feasible, are expected to increase substantially demand for
radiation processing. The Parenteral Drug Association (PDA) is
working in parallel, developing procedures and guidelines for the
use of radiation.

A number of finished products, drugs, are currently processed
by radiation to reduce microbial contamination in several
countries. A list of products treated by radiation in various
countries is given in Annex 4 (sources: G.O.Phillips, UK and R.G.S
Gopal, India).

J.Silverman. USA, reported about the developments in USA,
mainly carried out by industry and referred to the decline of
radiation research and education at universities. Reference was
also made to a large field open for research and developments,
namely radiation effects on elastomers, giving several practical
examples.



i.Kaetsu. Japan, reviewed a very broad field of different
biomedical applications with particular reference to research and
activities in Japan. Applications and products were divided in the
two main categories:

- biocomoatible materials (blood compatible polymers, tissue
compatible polymers, etc);

biofunctional materials (immobilized biofunctional
materials, drug delivery systems, environment sensitive,
"intelligent1* materials, etc).

J.Rabani. Israel, spoke about multifunctional polymers
synthesized by radiation, which may have potential applications in
many areas, like biomedical, energy conservation, etc.

D.Behar. Israel, described the use of radiation grafting
techniques for synthesis of bipolar and permselective membranes, as
well as radiation grafting of hydrogels and synthesis of artificial
skin. The last applications is commercial and the product is sold
to many countries.

z.zimek. Poland, described the design, operation and initial
results of a large scale demonstration unit in Poland, for
purification of flue gases, using electron beam irradiation.
Reference was made also to several similar project ongoing in
Japan.(Full text is available on request).

A.Chapiro. France, informed further about the use of radiation
processing for preparation of membranes (industrial use) and
hydrogels (medical use). A company in France is using radiation
technology for commercial production of a variety of filters for
different industrial applications.

Wu Jilan. China, reported about radiation processing and
research in China. Host of applications were developed
independently. A number of electron beam accelerators and gamma
facilities are used for industrial production. The total value of
products made using radiation processing in 1991 was estimated to
about 100 M$. There is a significant infrastructure and scientific
base for new developments and transfer of new technologies.

J.Leemhorst. The Netherlands. reported about the actual
industrial experience, a service gamma irradiation company
operating five irradiators in four European countries. The company
is engaged in various applications and substantial volume of food
products are processed in The Netherlands. Of particular interest
was exposure concerned with public relations and promotion of
technology to the Government, public and information media,
resulting in improvement of general understanding of benefits and
very little resistance to the operation. New developments arise as
the consequence of customers' requests and problems that can be
solved in simple and reliable way using radiation (examples of



decontamination of rockwool xats used in greenhouses and artificial
aging of wood used for ausical instruments were given).

M.Laoidot. Israel. spoke about food irradiation programme,
animal food irradiation programme and recycling of food residues
after decontamination by radiation.

I.Ishiaaki. Japan. aade a comprehensive and detailed
description of new high energy ion beam facilities recently
installed in Takasaki Radiation Chemistry Research Establishment.
The associated advanced radiation technology project comprises
programmes on new materials (space, nuclear fusion reactors),
research in biotechnology and synthesis of new functional
materials. Facilities are open for international cooperation,
visiting scientists, training, etc.

P.Gehrinaer. Austria, described results and new test facility
in Austria for removal of organic pollutants (mainly chlorinated
compounds) from ground water. Combination of ozone treatment and
radiation improves efficiency of removal and improves economical
competitiveness. The technique is also applicable for treatment of
industrial waste waters.

Z.Zimek. Poland, presented a review of the state of the art of
electron beam accelerators manufacturing and new developments,
especially in high power machines. (Full text is available on
request).

J.Karlbera. Sweden, spoke about safety aspects, licensing and
control of industrial radiation facilities and related problems.

V.Markovic. IAEA. reported about new developments in
regulations and standards concerned with industrial sterilization
of health care products, radiation included as one of the three
main techniques. New standards are being developed by the European
Community (CEN) and International Standards Organization (ISO).
Both organizations are in the final stage of the work and official
documents are expected to be finalized in 1993. Harmonization
between documents prepared by the two organizations is one of the
goals. The Agency has a liaison and participates in the work of
ISO, working group on radiation sterilization.

O.Guven. Turkey, reported on several subjects:
- literature survey of radiation research in Europe, covering

the period of the past few years;
- radiation research and introduction of radiation processing

to Turkey (the first gamma facility for sterilization of medical
products is expected to start operation in Ankara, in the first
half of 1993);

- use of radiation polymerization for preservation of
archaeological art objects (ceramics, wood,stone, etc);

- ongoing preparations for the 9th International Meeting on



Radiation Processing, scheduled to take place in Istanbul,
September 1994.

A.Safrani• Israel. described radiation synthesis of
environmentally sensitive hydrogels of potential use in industry
and health care. Hydrogels can be synthesized to be sensitive to
changes in temperature, pH, etc., opening broad areas for various
applications.

5. CONCLUSIONS.

5 .1 . PROCESSES AND PRODUCTS

1. Several recent developments of aspects of radiation
processing were reviewed and discussed. The range of new
applications and the use of products is very broad going from
health care, environment to space applications. The following new
developments were, in particular, emphasized, some of them already
commercialized at a small scale and some tested at the pilot scale:

Environmental applications.

1.1. Major demonstration projects on purification of flue
gases are in operation in Poland, Japan and Germany. The results
and eventual large scale projects are expected to start in 1994-
1995. In Japan, two new applications are tested: cleaning of gases
from a traffic tunnel and cleaning of exhaust gases from a
municipal incinerator.

1.2. There is an increasing interest to use radiation for
treatment of some industrial liquid effluents (water) and to use
radiation for treatment of drinking water. A combination of ozone
and radiation treatment seems promising, technically and
economically, for removal of organic pollutants from ground waters
(particularly chlorinated compounds) . Both gamma and electron
sources are applicable for this process.

1.3. Decontamination of hospital waste is another example of
environmental applications of radiation processing. It has been
successfully demonstrated in USA and Canada. A research programme
has been carried out in France. Adequate data are available to
initiate feasibility studies for each particular case. In a similar
way, radiation processing could be used for decontamination of
airport waste.

The lack of infrastructure and multidisciplinary teams to
carry out the feasibility studies may be an inhibiting factor in
the near future.



1.4. Decontamination of sewage sludge reduces the risk of
disposal, spread of disease, pollution of environment and Bakes a
product useful as agricultural fertilizer. A commercial facility is
in operation in Germany for about 15 years. A new facility has been
put into operation two years ago in India. Canada is planning to
install a demonstration unit in 1994. These activities may have
impact on further promotion of this technology to various
communities.

Biomedical applications.

1.5. A variety of products were synthesized using radiation
technology.

1.6. The artificial skin and wound dressing products are
commercially made, using radiation technology, in China, Israel and
Poland. The products compete effectively with nonirradiated
materials. The advantage of radiation processing is that the
sterilization is achieved simultaneously with synthesis. However,
the total volume is still relatively small and technique did not
yet penetrate the medical products industry.

1.7. It has been shown, in several laboratories, that a new
class of materials - hydrogels - can be easily and reliably
synthesized by radiation processing, and at the same time, if
necessary, sterilized (wound dressing hydrogels produced in Poland
are one of examples).

These hydrogels have various potential applications as wound
dressings, for sustained drug delivery, for bioseparation and
ultrafiltration, on-off switching of certain chemical reactions as
well as the use in immunodiagnostics and therapeutics applications.

1.8. Immobilization of biofunctional materials for diagnostic
and therapeutic purposes is currently developed at several
laboratories. Basic technological data are already available and
transfer to industry and engineering could take place in the near
future. A promotion to industry is needed.

Sterilization of health care products.

A. Medical products industry.

1.9. Industrial sterilization by radiation is a well
established technology and, presently, a major industrial
sterilization technology (in developed countries, more than 50% of
all medical products are sterilized by radiation).

1.10. There are new developments of potentially strong and
long term impact on health care industry, particularly in
developing countries: development of standards, regulations and
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guidelines for industrial sterilization, under the auspices of
International Standards Organization (ISO) and European Coomunity
(CEN). Both organizations are in the final stage of developing
documents and these are expected to become official in 1993.

1.11. New standards will have the following main consequences
and effects on health care industry:

- developed and many developing countries will soon have
mandatory requirements for industrial sterilization of health care
products (all techniques);

- marketing of products and trade (import/export) will be
regulated; compliance with regulations will be main condition for
export/import licenses;

- the European Community will have one single authority to
control traffic of health care products; other countries will have
(single) national authorities;

- cost of radiation sterilization is expected to decline or
remain stable, while the cost of gas sterilization will
significantly increase, because of stricter requirements for
process control, control of residuals and environmental concern, as
well as because of concern for the safety of operating personnel.
In radiation processing most of these requirements are already met.

B. Pharmaceutical industry.

1.12. Radiation sterilization is used by pharmaceutical
industry in several countries for decontamination of raw materials,
final products and conta iners/packaging (see Annex 4). The total
volume, however, is still small. A substantial increase of the
total volume in the near future is expected. The main reasons for
this expectation are:

- proposed changes (USA Food and Drug Administration, FDA) in
GMP regulations (Good Manufacturing Practice-GMP), which require
the use of terminal sterilization process whenever feasible. In
many instances, the radiation is believed to be the only
alternative because of reliability and ease of penetration to all
parts of the materials and packaging.

- another important development includes the establishment of
a Parenteral Drug Association sub-committee with a mandate to
"study the sterilization of parenteral materials by ionizing
radiation and to produce guidelines to devise and evaluate
procedures utilizing this technology". Its report is expected to
have significant impact on regulatory agencies and manufacturers'
policy.

Industrial applications.

1.13. Synthesis of different membranes continue to be a field
of imaginative development. Battery membranes (separators in



alkaline batteries, etc.) synthesized by radiation grafting
technique dominate the market. Several new applications were
reported. Many of them tested on a pilot scale (chemical
separators).

1.14. A silicon carbide fiber was synthesized, usable at much
higher temperature than the nearest competitor.

1.15. A filament rocket motor has been cured using the
bremsstrahlung radiation at the fraction of time and cost of the
thermal process.

1.16. Radiation curing is being used in many processes saving
the energy, making a better product and without emission of toxic
organic pollutants into the atmosphere (inevitable in UV and
thermal curing).

1.17. Recent developments in radiation vulcanization of
natural rubber latex (RVNRL) were noted. This technology produces
material which on disposal and burning does not present an
environmental risk. In addition the product is free of toxic
components, like nitrosamines and much safer for use in several
critical applications (surgical rooms, children toys and utensils) .

1.18. Research in radiation cured reinforced plastic
composites is a potential means of providing advanced structural
materials and methods of joining them.

1.19. Radiation modification of elastomers, with the exception
of the use in rubber tire industry, a well established application,
may be considered at the very beginning. More fundamental and
applied research is needed in this very promising field.

Other applications.

1.20. Conservation of archaeological artifacts is one of the
recognized environmental problems and was discussed at the meeting.
Radiation processing has been used with remarkable success in this
field in some countries (France). Radiation induced polymerization
of some vinyl monomers is considered as a potential solution to the
problem. The advantages have been remarkably demonstrated by
research carried out in Turkey.

Food irradiation.

1.21. Food processing was considered and some aspects were
discussed. However, the AG was aware that this applications are
well covered by other Agency meetings and advisory groups and
avoided to duplicate their efforts.



Public acceptance and safety regulations.

1.22. It was concluded that the safety regulations, policies
on radiation exposure and public acceptance have imposed no
significant restriction and burden on the radiation processing
industry in the past years, except for a very few isolated cases.
(Food irradiation excepted and not considered).

5.2. RADIATION SOURCES

2. New developments in radiation source technology were noted
and reviewed:

Electron beam accelerators.

2.1. Potential requirement for large number of low energy,
high power DC accelerators for flue gas purification has resulted
in development of new machines by leading manufacturers. The
prototypes are being tested and will be soon commercially
available.

2.2. A new technology has been developed and machine testing
is in the process for low cost, compact, high energy and high power
LINACS (Linear electron accelerator).

Heavy ion beam accelerators.

2.3. Much of surface modification of materials (metals and
plastics) for different applications is expected to be performed by
heavy ion beams, each tailored to produce desired properties either
for engineering or biomedical applications. JAERI, Takasaki
Radiation Chemistry Research Establishment offers almost unlimited
opportunities for material studies in physics and radiation
chemistry. The capabilities and specifications were reported at the
meeting. The facility is open for international cooperation and
Agency sponsored projects.

Other sources.

2.4. Plasma gas discharge has been tested and reported as a
reliable and versatile source of low energy electron irradiation
very useful for modification of polymer surface properties and
broad range of applications in synthesis of biomedical materials.



6. RECOMMENDATIONS.

1. The Agency should continue to provide support to
development of new radiation processes and their transfer to
industry, and the transfer to developing countries. The developing
countries should be involved in the developmental process as much
as possible.

2. The appropriate mechanism for development of new
applications should be through coordinated research programmes and
organization of workshops and scientific meetings.

3. It is recommended to initiate a coordinated research
programme in the processing of waste water in general and drinking
water in particular. The Agency's efforts to date have not
emphasized drinking water where it is clear that new significant
processing opportunities merit its greater commitment.

4. To initiate a programme of training and transfer of
technology for use by the pharmaceutical industry.

5. To initiate and increase support to technology transfer
programmes (technical assistance) of new applications reviewed at
this meeting, especially those related to health and environment.

6. To establish contacts with other international
organizations and groups in order to promote the benefits of
radiation processing and environmental advantages.

7. To support and develop programmes, guidelines and
procedures for the management of the disposal of radioactive
sources used by radiation processing industry.

8. The increase in the heavy ion beam installations that have
become available for the radiation chemistry of organic materials
applications, and the interesting processing applications already
in existence, lead to the recommendation that the Agency
participates in the development of this field.

9. Reinforced plastic composites represent another target of
research opportunity for radiation processing. This field has
suffered in the past from the lack of suitable multifunctional
monomers. New ones have become commercially available but more of
fundamental work is needed to show their applicability.
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ANNEX 2

INTERNATIONAL ATOMIC ENERGY AGENCY

Advisory Group Meeting on
"New Trends and Development in Radiation Technology"

Jerusalem, Israel
1-5 February 1993

AGSMDA

Monday. 1. Opening remarks (Rabani)
2. Welcome addresses (Machi, Gilat, Wolf)
3. Objectives of the meeting (Markovic)
4. Election of chairman

Tuesday.

Wednesday.

Thursday.

Friday.

5.
5.1
5.2
5.3
5.4
5.5

Individual
. Wu Jilan,
. G.Jacobs,

presentatIons
China
Israel

. J.Silverman, USA

. I.Kaetsu,

. J.Rabani,
Japan
Israel

5.6. O.Behar, Israel
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5.8. A.Chapiro, France
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5.ll.M.Lapidot, Israel
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5.l3.P.Gehringer, Austria
5.14.J.Silverman, USA

5.15,Z.Zimek, Poland
5.16.J.Karlberg, Sweden
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5.18.A.Safranj, Israel
5.19.O.Guven, Turkey

6. Discussion

7. Drafting of conclusions and recommendations

Free day.

8. General discussion

9. Conclusions and recommendations

Adjournment

Note: the meeting was held in the morning 0900-1230 and in the
evenings 1930-2300.
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Opening speech by:

AGM on "New Trends and Developments in Radiation Tcchnotogv*
I S Febniatv. Jerusalem. Israel

1. On behalf of the IAEA I would like to heartily welcome the participants of this AGM
on "New Trends and Developments in Radiation Technology" here in Jerusalem. 1 am
pleased that 14 distinguished scientists in this field are participating from II Member States.

2. At the outset I would like to express our sincere appreciation to the Israeli
Government and the Hebrew University of Jerusalem, in particular to Dr. Rabani, for hosting
this important meeting.

3. Ionizing radiation by gamma and electron beams has been used by industries for many
years for different applications. The number of radiation facilities has been increasing in
many countries. Approximately 160 gamma radiation facilities and more than 600 EB
accelerators are used worldwide.

4. Radiation processing technology itas many advantages such as simplicity, safety for
the environment, workers and users of the product, and the capability of manufacturing new
products. «

5. Polymer application is still a very important field of commercial application. A very
interesting new development in my home institute is a super high temperature resistant fibre
of silicon carbide prepared from radiation crosslinked polycarbosilane. This new SiC fibre
can be used even at 1700°C while conventional products of SiC fibres can be used below
1200°C only. The first commercial plant is being designed by cooperation of JAERI and a
private company to produce 1 ton of SiC fibres per month. Bio-medical polymers is another
interesting application of radiation crosslinking and graft polymerization. Radiation
crosslinked hydrogel is used for wound dressing in hospitals in Poland, and contact lenses
in China are manufactured by radiation processing on a commercial scale. There should be
many potential new applications of radiation processing in polymers.

6. In the field of environmental application of radiation processing, four new pilot scale
projects are being carried out to develop a technology to clean flue gases in Japan and in
Poland. A Polish project is being implemented under the IAEA's technical cooperation
programme. Very recently, cooperation between Poland, IAEA and Japan has been agreed
for this particular project. Up-to-date results of this project will be reported by Dr. Zimek
from Poland. In Japan three pilot plants are in operation since a few months.



- 2 -

One pilot plant is for the treatment of flue gas from coal burning in power stations, another
plant is for the treatment of gases from incineration plants for municipal wastes. The third
plant is for the treatment of gases from traffic tunnels in Tokyo. Radiation treatment of other
wastes such as water and sewage sludges has also been studied. The decontamination of
hospital disposals by radiation on a commercial scale is under planning in Canada.

7. JAERI in Japan has started a new project to study the applications of heavy ion beams
for industry. Cyclotron and tandem accelerators are in operation. A detailed report will be
given by Dr. Ishigaki at this meeting.

8. The purpose of this AGM is to review the status of developments and the potential
for commercial applications of radiation processing and. based on the review, the AGM
should make recommendations to the Agency for the usefulness and the direction of its future
programmes for member countries.

9. Since technology transfer to developing member countries is an important role of the
Agency, this AGM is also expected to discuss and make recommendations for the Agency's
future technical cooperation activities in this field.

10. In closing my remarks, I would like to stress two points. Namely, radiation
processing technology has many potential applications and to develop them, cooperation
between industrial sectors, national research institutes and universities should be further
strengthened. The second point is that the cooperative activities and research and
development among scientists from developed and developing countries should be much more
enhanced to achieve new technology developments to meet the indigenous industrial demands
in developing countries.

SMachi/gz
ISRAEL. TRV



8th IMKP In
Wa Jilan

Department of Technical Physics, Peking University
Beijing, China 100871

The 8th IHRP attended by 407 registrants, 56 companions froai
33 countries and areas was held on 13 to 18 September 1992 in
Beijing. The meeting was successful. It showed that the IMRP
is the main international font for the exchange of information
on the science and technology of radiation processing. It also
demonstrated the close connection between basic research
activities and developments of new methods and applications.

There were 15 sessions implemented by the programme
committee covering well all the aspects of applications of
ionizing radiation and the current problems to solve in
furthering radiation processing industrialization.

In polymer modification, there were many studies on
radiation graft modification. In China more attention has been
paid to the crosslinking in order to develop various recipes for
heat shrinkable materials and crosslinked wire and cable.
Exhibited current interests in applied radiation chemistry and
physics of additive effect. A paper on electron grafting to
produce a gas barrier coating was of great interest to conferees
involved in developing new electron curing technology. These
papers are being carried out aiming at the preparation of
advanced materials.

The food session was a big one. The information from US on
the commercial use of gamma facilities in America for
agricultural product processing cheered the world teaming up
group working hard on food irradiation processing. Approximately
60-70% irradiated foods can be detected qualitatively by ESR,
thennoluminescence method and chemical method etc. The
development in analytical methods for irradiated food will
guarantee the quality control of irradiated food and promote
commercialization of food stuffs treated by irradiation.

Environmental applications of both gamma and electron
radiation sources attracted large attendance. Japan further
reported the successful experience on electron beam flue gas
treatment. Most attractive information is the success of the
Joint IAEA/Poland project. The gas flow capacity is 20,000
Nm3/hr and is the bigest operated industrial plant using this
technology. Removal of organic pollutants by radiation in waste
water and raw drinking water have been studied. A pilot scale
plant will be in operation in. Austria for the treatment of
drinking water using electron beams and ozone. Combination
pretreatment with irradiation of electron beam and NaOH on
cellulosic wastes were investigated. The results seem hopeful.

IAEA plays an important role in promoting radiation
processing development especially the development in the
developing countries. It must be emphasized that as radiation



processing belongs to high technique, it always comprise* several
parts of advanced technique, therefore transfer "complete"
technique is necessary. It is a good example of technique
transfer that Nordion International Inc. in cooperation with the
Thai office of atomic energy for peace and Canadian International
Development Agency complete a unique food irradiation technology
transfer in Thailand.

In addition to sessions for papers, two panel sessions and
two tutorials, one on gamma sources and the other on electron
accelerators were programmed.

Dr. Marshall Cleland and Prof. J. Farkas were awarded for
their achievements in promoting radiation processing
industrialization.

The plan of the 9th IMRP was announced. Prof. Dr. Guven was
introduced as the organizer of the next meeting. The place will
be Istanbul, Turkey.
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Participant Summary

As indicated in the listing of participants made after IMRP8 the
total number of participants was:

- IMRP registrants: 407
- companions : 56

total 463

The total numbers of countries and areas represented was: 32

Country or area number of of total

AUSTRALIA
AUSTRIA (including IAEA)
BELGIUM
BRAZIL
CANADA
CHINA (including Taiwan)
CZECHOSLOVAKIA
DENMARK
FINLAND
FRANCE
GERMANY
HONG KONG
HUNGARY
INDONESIA
IRAN
ISRAEL
ITALY
JAPAN
KOREA
MALAYSIA
MEXICO
POLAND
PORTUGAL
RUSSIA
SOUTH AFRICA
SWEDEN
SWITZERLAND
THAILAND
THE NETHERLANDS
TURKEY
UNITED KINGDOM
USA

registrants

6
5
4
1
22

190
2
1
1
5

15
2
1
4

11
3

10
39
3
3
2
7
1
8
2
4
1
5
2
1

12
34

1.5%
1.2%
1.0%
0.2%
5.4%

4 6.7%
0.5%
0.2%
0.2%
1.2%
3.7%
0.5%
0.2%
1.0%
2.7%
0.7%
2.5%
9.6%
0.7%
0.7%
0.5%
1.7%
0.2%
2.0%
0.5%
1.0%
0.2%
1.2%
0.5%
0.2%
3.0%
8.4%

407 100.0%

The First Circular & Call for Abstracts was mailed in Dec. 1990.
The Second Circular & Registration form was mailed in Nov. 1991.
The Final Circular & Registation form was mailed in June 1992.
The First and Second Circulars were sent to a total of 4,400 ad-
dresses. The Final Circulars were sent to more than 700 addresses.
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Trie !i?f* <~>f radiation for trip sterilization of mecJical products.
m c l u d m q Pharmaceuticals and pnarmaceut • ca I raw materials and
additives, is increasing. This is no doubt related to a number of
recent developments.

First. there has been an increased awareness of the ecoioqical
and toxicoIoqicaI problems associated with ethytene oxide
sterilization. More recently, the concern with the use of
chIorofIuorocarbons in general, and in particular as an ethylene
oxide diluent, will further increase the demand for radiation
sterilization capacity.

Secondly. there has been a legislative breaKthrough in the
acceptance of irradiated food following the recommendation of
the World Health Organization of the acceptance of food
irradiated up to an average dose of 10 kiloGray.

it is anticipated that the FOA proposed changes in GMP
regulations for finished Pharmaceuticals, which require the use
of a terminal sterilization process whenever feasible, will
further increase the demand for radiation sterilization,
particularly for ophthalmic ointments and sterile powders
requiring reconstitution prior to injection.

Another important development includes the establishment of a
Parenteral Drug Association sub-committee, with representatives
from many leading pharmaceutical companies, with a mandate "to
study the sterilization of parenteral materials, components and
products by ionizing radiation, and to develop guidelines which
will assist trie industry to devise and evaluate procedures
utilising this technology." It is anticipated that the reported
data "will encourage North American regulatory agencies to
approve this technology for certain pharmaceutical classes of
products."



There has been a proliferation of activity on the regulatory
scene having a bearing on the radiation sterilization of
Pharmaceuticals and medical products. In 199O. the Association
for the Advancement of Medical Instrumentation (AAMI) issued a
Guideline for Electron Beam sterilization of Medical Oevices.
and in 1991, the second edition of the Process Control Guidelines
for Gamma Radiation sterilization of Medical Devices was
published. Both the ISO and CEN (European) guidelines or
regulations for radiation sterilization are about to be approved.
A Key issue in all these guidelines, in addition to Good
Radiation Practice, is dose selection. The methodoloqies for dose
selection are similar to the earlier AAMI B1 and B2 methods
( m e t h o d s B 3 a n d B 4 a r e n o l o n g e r i n c l u d e d ) , w i t h t h e i n c l u s i o n o f
a third method which is essentially a 25 KGy sterilization dose
that has to be validated.

Subcommittee E1O.O1 of the The American Society for Testinq and
Materials fASTM) has recently approved some eiqht standards
concerned with dosirfietry for radial ion processmq.

While cot.alt-60 gamma photons are still the major source of
radiation energy, other irradiation methods are gaining
promin ence. The increased penetrating power of the newer
electron accelerators are making this technology more attractive
to the medical device and pharmaceutical industries. It is
estimated that some 5 percent of disposable medical products
manufactured in the U.S. are presently electron beam sterilized.
Simi IarIy, there is an increased awareness of the potential use
of x-rays for radiation sterilization. However, there are
conflicting views on whether this methodology will prove
commercially attractive.

Many raw materials used in the pharmaceutical and cosmetic
industries are heavily contaminated with microbes because of
their natural source. Such powders will often not withstand
heating processes to reduce the initial microbial load, and, as
already stated ethylene oxide treatment is becoming increasingly
stringent and problematic. In order to comply with GMP
regulations companies are now using low radiation doses (often
less than 1O kGy) m order to reduce intial microbial
contamination.



RADIATION PROCESSING TECHNOLOGY: Electron Accelerator Developments: Heavy
Ion Beam Processing; Elastomers and Reinforced Plastic Composites

by

Joseph Siiverman
Laboratory for Radiation and Polymer Science

Department of Nuclear and Materials Engineering
University of Maryland

College Park, MD 20742-2115
U. S. A.

A. A survey Is presented on recent developments in radiation processing in North
America. Principal emphasis is given to the emergence of new high power electron linac
facilities for use in contract irradiation services (Cranbury, New Jersey; Denver. Colorado;
and Vancouver, British Columbia} and In university programs on food preservation (Iowa
State and Florida). New accelerator designs based on the Induction linac principle and
high power (300 kW) medium energy devices employing standard direct acceleration
design principles are being offered for sale; a major sales target is the flue gas treatment
application. The gamma-irradiated strawberries of Vindicator Co. have all been sold
despite resistance by food distributors. Nevertheless sterilzation appears to be the chief
source of income for the Florida company with chicken irradiation scheduled to be the
next target of opportunity.

B. Heavy ion beam processes of organic materials have developed to the point
where this technology merits inclusion in conferences on radiation processing. The driving
forces behind ion beam applications are as follows:

1. Low energy devices originally used for ion implantation or etching of
surfaces are available in many solid state physics laboratories.

2. Access to high energy ion accelerators (100 MeV/nucleon) for thick film
(or thin sheet) applications is possible at a few major facilities (notably Takasaki and
Darmstadt). Because the particle energy generally exceeds the binding energy of
nucleons in the Irradiated object, radioactivity problems can be significant.

3. Access to medium energy ion accelerators (<10 MeV/nucleon) is
relatively easy because support for the low energy nuclear physics programs for which
most of these devices were designed is waning.

4. There is considerable literature on the chemistry of etching the tracks
formed in irradiated polymers. The original impetus for these studies was to characterize
the ion forming the track. Thirty years ago, this led to the first application: porous
membranes such as Nuclepore.
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There are several new ion beam applications. There are sophisticated new porous
membranes with tailor-made" pore shapes and diameters for separation of gases. A
porous hydrogel made using ion beams has holes that change in diameter with
temperature. There is a unique Ion-induced polymerization of a Langmuir-BJodgett film to
yield a rapid nonlinear optical device. Ion beam etching Is a tool used together with
lithographic methods to produce selected pore patterns and diameters; these can be
surrounded with electrodes to repel/attract charge carriers. Ion Implantation of polymer
surfaces produce exceptionally high surface densities of sites suitable for grafting of
monomers. This is particularly useful in biomedlcal applications. Even without grafting,
attraction of cells to such irradiated is unusually high.

C. At the Laboratory for Radiation and Polymer Science, there are in progress four
research programs in radiation processing and two on the fundamental radiation
chemistry of polymers. Two applied programs are described: radiation processing of
reinforced plastic composites and radiation curing of elastomers. Our composites group,
led by Dr. W. J. Chappas, has produced 60-ply L-shaped composites of woven graphite
sheets using gammas to polymerize the binder. Because of the low temperature of the
cure, there is no evidence of the usual separation between layers observed with thermally
cured composites. The elastomer program has led to the invention of a styrene-
butadiene-rubber (SBR) which is partially cured by sulfur to provide form stability prior
to the irradiation that is responsible for most of the crosslinks. The process hjas been
applied to the production of pads for the tracks on army tanks; the new pads last for a
60% longer distance on paved roads than those made of the standard SBR. It also
survives the ASTM ozone degradation test at least 50 times that of the standard SBR. It
is our conclusion that research in elastomer and composite applications is a fruitful area
for radiation processing applications.
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1. Advantages of Radiation

The advantages of radiation techniques on the synthesis and fabrication

of biomaterials are summarized as follows

(1) polymerization, curing, crosslinking and fabrication processing

in viscos systems, in solids, in multi-phases, at low

temperature, under high pressures, in high dose rates, in broad

conditions.

(2) reduced inhibition effect of oxygen and inpurity (best for

survey)

(3) smaller monomeric residue in polymer

(4) no inclusion of catalytic residue in polymer

(5 sterilization of polymer

v(5.' crosslinking of polymer (control of crossl inking)

C7j easy formation of porous structure

(8) easy formation of complexed and composed structures

(9j! easy shaping and casting processing

(J$ easy entraping of functional components in polymer

(JJ less denaturalization and deactivation of unstable components in

polymer

(j£ stimulation effect on biological species in polymer

@ highly efficient productivity of electron-beam processing

3! possibility of micro fabrication with ion-beara

05 nucleation and growth of ultra-fine particle

(g> deposition of ultra-thin membrane

Biomaterials require various specific properties and structures for

widely spread applicable uses. Therefore the radiation techniques are often

effective and useful for the biomaterials by the widely variable conditions

of reaction and processing, as well as the broad variety of resulted

structures and properties as mentioned in the above description. The

important things are to select and combine those advantages suitablly with

the concrete request and farget, and also to spread radiation facilities to

be used easily for every one.

2. Biocorapatible Materials

Bioraaterial includes both the biocompatible and biofunctional materials.

The former are comprised of two kinds of polymeric material:

antithrorabogenic (blood-compatible) and tissue-compatible (for soft and hard

tissues) polymers. These properties are essential for polymers that are to

be used in artificial organs.

(1) Blood-compatible polymers

Antithrombogenic polymers have been widely prepared by means of the
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radiation grafting technique. Because corapatility depends nainly on the

suface properties of material the use of grafting technigne modify the

surface is the most convenient and effective way to produce an

antithrombogenic surface. For example, Hoffman shoved that the

antithrombogenecity of various polymers, such as silastic and polyolefins,

uas improved by radiation grafting of well-balanced hydrophilic and

hydrophobic copolymers. Work on antithrombogenic grafting has been done on

many systems, for example, the grafting of vinyl pyrrolidone onto silicone

rubber and fluorine-containing polymer, and the grafting of hydrophilic

monomers onto polyether-urethane membranes.

In vivo applications of biocompatible polymers in the field of

artificial organs have been widely studied. Chapiro et al. used a polyvinyl

pyrrolidine grafted silicone tube in a sheep carotid, and Ikada et al. used

an acrylanude-grafted polyethylene tube in the carotid of a rat.

Radiation grafting can prepare and control micro phase-separated domains

on a polymer surface. So, heterogeneous multi-phase structures by radiation

technique such as hydrophilic-hydrophobic, cationic-anionic or ionic-neutral

might contribute to biocompatible materials as well as biofunctional

materials.

(2) Tissue-compatible polymers

In the area of tissue-compatible polymers, much work has been done on

the interaction between polymeric materials and tissue cells, to develop a

basic understanding of cell adhesion and growth on polymer surfaces.

Shimizu and coworkers studied the tissue compatible of collagen for use in

artificial windpipes. A small tube coated with radiation-crosslinked

aterocollagen showed excellent cell adhesion with decreased antigen

reactivity. Kaetsu and coworkers found that various implantable polymer-

drug composites had relatively good tissue compatibility and no siginificant

foreign body reactions, when polymethacrylates and polyacrylates served as

the polymers. Recently, Rosiak et al. have developed tissue-compatible

polymeric membranes for use as dressing or skin covering materials

consisting of radiation-crosslinked polyacrylamide and polyvinyl

pyrrolidine. Phillips has studied hyaluronic acid polymer as a neutral

biopolymer for tissue bank. Further researches on radiation crosslinking of

biocompatible polymers for the improvement of properties such as mechanical

strength and durability would be important for the practical development.

3. Biofunctional Materials

Biofunctional polymers xhibit special biomedical and biochemical

functions, such as pharmacological activity and biocatalytic activity. The

biofunctioml polymers are prepared by the two ways: immobilization of

biofunctional components with conventional polymers, and synthesis of

special polymers such as special hydrogels having biofunctional properties.

(I) Immobilization of biofunctional components

The synthesis of biofunctional polymers by radiation immobilization has

been the subject of considerable interest. Hoffman proposed the synthesis

of biofunctional polymers by a chemical bonding immobilization method, and
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his group developed the immobilization technique using radiation grafting.

Another method of biofnnctional polymer synthesis is the immobilization

of biofunctional components by physical entrapment or physical attachment to

the polymer. Radntion polymerization and crosslinking can also be used for

this type of immobilization. Kaetsu and coworkers proposed the

immobilization of biofunctional components by physical attachnent using

radiation polymerization of glass-forming monomers, in a supercooled state

at low temperatures. This immobilization technique has now been used for

various biofunctlonal components, such as enzymes, antibodies, nicrobial

cells, tissue cells, drugs, and hormones.

The applications are, for examples, the areas of artficial organs,

bioreactors and biosensers.

Immobilized enzymers have been used for diverse analyses and medical

diagnoses in forms such as film, tube, fiber, and bead. The immobilized

enzyme membrane can be used for sensors as well. The immobilized antibodies

can be used for immunodiagnosis; Kumakura and Kaetsu have developed a novel

enzyme lmmunoassay system for immunodiagnosis using a radiation

polymerization technique. The immunoadsorbents with immobilized antigen or

antibody are potentially useful materials for various medical uses, such as

lmmunoassay, affinity chromatography, cell separation, and plasma treatment.

The physical entrapment method appears to be the most suitable for the

immobilization of two kinds of biofunctional components, living cells and

microorganisms for bioreactors, as well as hysiologically active substances

such as drugs and hormones for controlled release and drug delivery system.

The former are large components, which can be attached or entrapped easily

and safely in the polymer gel matrix, fcr continued growth and subsequent

production of useful physiologically active substances.

Cell immobilization by radiation jolymerization techniques has been

studied by Kaetsu and Kumakura et al.. Three types of immobilization method

have been developed, aaccording to the types of cells. They are: the

entrapment of cells in a hydrogel for yeasts, the adsorption and attachment

of cells into a fibrous hollow polymeric support for fungi, and the

adsorption and attachment of cells onto the surface of a polymer for tissue

cell immobilization. The yeast immobilized by low temperature radiation

polymerization of hydrophilic nethacrylates showed enhanced cell growth in

the hydrogel to form cell colonies with increased fermentation catalytic

activity. The alcohol fermentation activity for glucose was 10-13 times

higher with the immobilized Saccharomyces fermosensis than with yeast by

itself. Catalytic activity increased with the increase of hydrophilicity of

the hydrogel.

The immobilzation by attachnent on a fibrous network support, was used

in Kaetsu's laboratory for fungi (such as Trichoderna reesei and Sportrichum

cellulophilum) that produce cellulase. Various fibrous supports, such as

gauze, cloths, and nanwoven fabrics, were reinforced by radiation

polymerization of dispersed monomer, in a manner similar to textile curing

treatment by radiation before immobilization, and then used for cell

attachment. Since the growth and volume expansion of fungus is rapid

provided there is sufficient diffusion of oxygen and nutrient into the

support, the large hollow spaces is necessary inside the support for this

type of cell culture.

- 3 -
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Another type of immobilization is used for tissue cells (e.g., liver,

pancreas, nervous system cells). In general, the tissue cells are adsorbed

on the surface of the support, where they spread over the surface and

continued to grow. Therefore, the surface structure as well as its

chemical, physical, and biological properties are inportant for the

immobilization and culture of such tissue cells.

Yoshii and Kaetsu studiec the effects on the attachnent and growth of

glial and liver cells of various radiation-prepared surface, such as

hydrophilic and hydrophobic, porous and nonporous. The electron bean

irradiation of the polymer surfaces caused a change in the contact angle and

in wettability, which led to improved cell growth. Surface modification by

grafting was also investigated for the cell attachment and growth. The

methyl methacrylate grafted polymer surfaces had different strusctures,

depending on the solvent used during the grafting.

For example, polymer grafted in the presence of dinethylfornanide had a

porous surface and enhanced cell growth, while that grafted in the presence

of acetone gave a smooth surface and shoved less effect on the cell growth.

Such morphological changes could be designed and controlled by choosing

suitable monomers, solvents, and grafting conditions. The cell growth was

also affected by the grafting ratio, showing an optimum in a certain range.

Kumakura and Kaetsu reported on further advances of the immobilization

technique ; polymer membranes containing enzyme and autibody were obtained

by electron beam irradiation of aqueous solutions. Kumakura and Kaetsu

found that enzymes and antibodies can be immobilized in a polymerized

membrane by EB irradiation of solutions containing monomers, enzyraers, or

antibodies and buffers, without significant loss of their original

activities.

Each membrane obtained by repeated irradiations (11 times) has the same

thickness and the same activity. The repeated irradiations were done on the

residual solution after the removal of the formed membrane. Since the

penetration depth of the electron beam was limited, and it was the same for

each irradiation; with each irradiation, a thin polymerized layer of the

same thickness was formed on the solution surface. Because the same amount

of polymer would entrap the same amount of enzyme, it was expected that each

membrane would have the same enzymatic aactivity. The remaining free enzyme

in the solution maintain its original activity.

(2) Controlled delivery systems

The main functional purpose of the drug delivery systems is the

controlled release and targeting of drugs which means the selective and

specific transport of drug into a desired organ or tissue. Three types of

drug delivery system are being activity studied around the world;

transdermal, implantable, and injectable (blood administration).

The application of drug immobilization to the implantable drug delivery

systems (polymer-drug composites) for therapeutic uses has been carried out

by Kaetsu and coworkers since 1975. Kaetsu and coworkers have found that

the release rate and release period are affected by several factors. These

can be divided into three categories: factors depending on the polymer

carriers, factors depending on the drug, and factors depending on the

environmental conditions.
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The most common and effective sethod of controlling drug release

profiles is by changing the hydrophilicity and porosity (surface area) of

the polymers. The porosity of the polymers can be controlled by changing

the concentration of the pore-Making agents, such as water and polyethylene

glycol; these agents freeze and are suspended in the Hononer as fine

crystals at low temperatures, which melt and forn pores in the polyner

matrix after polymerization. The release rate increases with the increase

of porosity.

The heterogeneous sandwich structure, in which a drug layer is

surrounded and laminated by two or aore polyaer layers, generally gives a

more constant release rate (aero order release) as well as a slower release

rate than a homogeneous mixture of drug and polyner. For this purpose, EB

polymerization and curing of raultilayered systems, including a drug layer in

the center and polymer and monomer layers in the outer parts, is nost

promising. A sandwiched raultilayered membrane, in which the desired agent

is included as drug layer, can be generated by radiation curing. The

release profiles of the drug can be controlled by changing the properties,

thickness, and numbers of layers of the polymer.

Chemotherapy with anticancer drugs is one of the three nain cancer

therapies, along with surgical intervention and radi3tion therapy. However,

the nost important disadvantage of chemotherapy is the secondary side

effects (p.g., decrease in leukocyte count and malfunction of digestive

organs) caused by the anticancer drugs. Frequent injections would be

necessary to maintain suitable blood concentration of a required drug for a

long period, which can result in adverse side effects. Thus, the purpose of

an lmplantable drug delivery system is the maintenance of a constant and

suitable level of local drug concentration for long time by a controlled but

sustained eelcase of the pharmaceutical material. In addition to this

advantage, bioavailability of the drug is enhanced as a result of the direct

and efficient action of the drug at the target, without loss or damage of

the drug during blood and tissue circulation. This technique also reduces

the trouble and pain in frequent administrations for medical doctor and

patient.

Since 1977, Kaetsu and coworkers have collaborated with medical

researchers to prove the usefulness of the implantable anticancer delivery

systems. The anticancer drug-polymer composites in the forms of buttons,

needles, and pellets have been used in clinical tests in more than 400

patients, with cancers in the digestive, and urinary organs, as well as in

the brain. For cancer of the pancreas, implantation was done surgically,

and the button form of the composite was most often used. On the other hand,

the needle form of the composite can be implanted by injection from the body

surface to liver tumor (i.e., without surgical intervention). The medical

usefulness of these approaches, recognized by researchers through these

clinical tests, lies mainly in three pharmacological and clinical effects:

disappearance or marked decrease of severe cancer pain in patients with

advanced cancer, shrinkage of tumor tissue, and prolonged survival time.

Hormone therapy is generally one of the most effective theraplutic

methods for cancer in the urinary organs. For the hormones to cause the

tumors to shrink, however, daily injections of the hormones for long periods

are necessary. Therefore, an implantable needle with a long duration of
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honaoner release anst be developed to »liainate the need for daily

injections. From this point of view, testing has consisted of entrapping

various antiandrogen homones in polyaer needles and inplanting then just

under the skin of rats. The blood concentration level of these homones was

kept constant for several Months, and certain pharmacological responses,

such as tumor shrinkage, were observed. This type of therapy, using an

inplantable needle, was applied to a luteinizing horaone releasing hornone

(LHRH) analogue or agonist for hornone therapy of various prostate cancers.

Needles containing LHRH agonist were inplanted under the skin of the

patients. More than 30 clinical tests are being perforaed using this

therapy.

Two kinds of polymers have been used as carriers of the LHRH agonist.

They are the biodegradable such as polylactic acid, polyglycolic acid, and

polydepsipeptides, and the nonbiodegradable such as polynethacylate and

polyacrylate. The latter have shown a longer duration of pharnacological

efficacy than the former.

The serum testosterone and LH concentration levels were kept low and

constant for up tp 9 months by inplantaion of an LHRH agonist needle. The

biodegradable needle systems have shown good correlation between the in vivo

release, serum concentration of LHRH agonist, and the prostate organ

shrinkage. Thus, this hormone therapy has been successfully applied to

cancers of the urinary organ, an advantage being simple and convenient

administration and renewal of the needle or pellet, inserted by injection.

Yamanaka, Kaetsu et al. developed an artificial testicle taade of

radiation polymerized 2-hydroxyethyl methacrylate, containing testosterone

as a drug for hormone therapy. This kind of hormone-polymer composite has

worked very well in many clinical tests in patients who lack the natural

testicle function. Testosterone was entrapped in poly(2-hydroxyethyl

methacrylate) or its copolymers with other vinyl monomers. For example,

6.4g or testosterone was entrapped in an egg-shaped molded polymer (7.0g) by

radiation polymerization at -781C • Artificial testicles had been used

earlier in clinical tests for patients who had been castrated or had

underdeveloped organs. The extended duration of testosterone level in the

blood and the remarkable recovery effect of male characteristics, such as

hair, voice, and constitution, have been demonstrated. The predicted

duration of release and efficacy in 7 years. However, it was also observed

that the in vivo release rate of testosterone was smaller than the in vitro

rate, owing to encapsulation by fibrous cells around the artificial

testicle. Thus, periodic renewal of the artificial testicle would be

necessary. Based on its clinical success, the clinical use of this approach

would be expanded soon.

The immobilization of a sterilization agent into IUD systems for birth

control has been investigated by various workers. Gaussen and using

radiation grafting, developed an IUD system containing copper sulphate. The

IUD showed a constant, long release and is now produced industrialy

Immunotherapy can also be carried out effectively by an implantable needle

similar to that used for hormone therapy. Interleukin-2, which stimulates

and increases the growth of T-cell lymphocytes, was entrapped in needles and

implanted subcutaneously in rats. The results showed that the blood

concentration level of interleukin-2 was kept constant for about '»8 hours,

- 6 -
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which is considerably longer than if the interlenkin-2 had been injected.

This result suggests the possibility of an effective and durable use of this

innunologically active substance by implantation and controlled release. A

similar technique using the needle can be used for other immunologieslly

active substances, such as interferon to stimulate the laaunofunction, and

sporophorin to retard the innunoreaction.

Application of immunoadsorbents to plasna therapy is another interesting

field of inraunological therapy. Various plasma therapies have been

developed recently, such as plasnapheresis to remove the inmunocomplex in

blood by filtration, and plasna cleaning to renove the mnanological

components in blood by adsorption on imnunoadsorbents. The immobilized

antibody or antigen can be used in columns as the inmunoadsorbents.

(3) Intelligent materials

The most advanced forn of drug delivery system would be a conpact,

lmplantable pellet or an injectable particle, containing a nicrosensor, a

drug reservoir, and an on-off regulatory nechamsn. For example, various

kinds of on-off controlled insulin release systems have been proposed based

on different concepts for the use of the glucose sensor. Horbett et al.

proposed an interesting on-off controlled release system using glucose

oxidase immobilized by radiation polymerization. The gluconic acid formed

in the enzyme membrane expands the membrane by swelling, which causes the

release of insulin by pressure against the insulin reservoir.

Langer and coworkers studied on-off control using magnet action.

Polymer particles or membranes containing a drug and iron powder are

sensitive to the approach of a magnet, which increases the inner porosity of

the polymer and promotes drug release.

With increased need for more compact and highly controlled systems and

devices for drug delivery, combined with the increased need for signal-

sensitive and responsive on-off switching, a new type of functional carrier

polymer has been studied by several research groups. This highly advanced

drug delivery system would consist of a biosensor system that recognized and

transforms a specific signal selectively and sensitively, a biomecanical

system that responds with on-off switching, and a drug reservoir.

At the present stage, immobilization of these natural recognizable

polymers such as enzymes, monoclonal antibodies, and hormone receptors is a

practical and useful way to prepare biosensor systems. As for the

biomecnanical system, new types of polymer, called stimulus (signal)

sensitive and responsive polymers, have been studied since 1980. For

example, Tanaka studied polyacrylamide hydrogel which shrunk with the

application of a voltge and expanded again to original volume when the

voltage was removed. Dong Hoffman and Agneza, studied hydrogels of N-

lsopropylacrylamide and N,N'-methylenebisacrylamide or methacrylic acid

copolymer prepared by radiation polymerization that exhibited a lower

critical solution temperature (LCST) and reversible shrinkage in an aqueous

solution at temperature below the LCST.

Kaetsu and coworkers developed a glucose-sensitive and responsive

insulin release system consisting of an ion sensitive field effect

transistor (ISFET) with a glucose oxidase immobilized membrane on the

surface, an amplifier, and an insulin entrapping, electric field responsive
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hydrogels. It was found that a proportional anonnt of insnlin vas released

fron the hydrogel such as a copolyaer of isopropyl acrylaaide, aethscryic

acid, and crosslinking monomer, depending on the value of cnrrenr {voltage}

fron the ISFET and the concentration of glucose inpnt.

Crosslinked sodium acrylate copolymers as the electro-responsive

hydrogels have been also studied. Kaetsu et al. has studied the electro-

raagnetically responsive composite gel consisting of hydrophilic or

hydrophobic polymer, electromagnetic particle and drug for on-off switching

controlled release. This field is now on the vay of developing with

various ideas and trials for the future possibility of intelligent drug

delivery (sensing and programmed controlled and target ted release).

i*. Future Prospect and Recommendation

Radiation techniques can contribute to the innobilization of various

biofunctional components. It offers nany advantages, such as efficient

fixation in the porous matrix, homogeneous dispersion and naintenance of

drugs in monomer and the polymer, naintenance of the original conplexed

structure such as nultilayered sandwiched form, and naintenance of the

original shape and form of fine particles and nenbranes during

polymerization.

Polymerization and curing by electron bean irradiation for

immobilization would be useful for the continuous production of drug

laminates and protein-oriented monolayers or thin nenbranes. Radiation

grafting can contribute to the synthesis of biocompatible and biofunctional

polymers with the heterogeneous surface design and fabrication. Radiation

crosslinking also offers usefull practically improved biopolyners.

Not only 7-ray and electron beam techniques but also radiation surface

fabrication and modification with lithography, ion bean, and laser

irradiations would be studied and developed as new technical fields.

The future practical development of therapies, diagnosis, and

immunological prevention, by means of drug delivery systems would be

increasingly inportant, especially useful in the developing countries

through training and technology transfer. The studies to combine signal-

recognizable function of a biosensor and a responsive on-off switching

controlled realse function of drug derivery sistem is important and should

be promoted. Radiation synthesis of a signal-sensitive membrane and

composite would be the subject of great interest and importance. It should

not be overlooked that radiation-processed polymers and devices are

relatively free from contamination and catalytic impurities, which adds to

their desirability for biomedical uses.
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Radiation Induced Grafting for Practical Applications

David Behar, SoreqNRC

Severer ..ejects carried out in SNRC, where radiation induced grafting was
used have been presented:

1. Impermeabilization of PE towards organic solvents.

2. Bipolar membrane.

3. Membranes for chemical separations.

4. Synthetic skin substitute for wound covering.

1. Grafting of hydrophilic monomers such as vinyl alcohol or hydroxyethyl
acryiate on PE provided an excellent barrier towards diffusion of organic
solvents through the PE. controlling the conditions of the grafting reaction is
essential for achieving a dens structure of the grafted layer needed to exhibit
good barrier properties.

2. Bipolar membranes were obtained from radiolitically prepared ultra porous
cationic membrane, made by grafting polystyrene on polypropylene substrate
followed by sulfonation.

3. Efficient permselective membranes for separation of water from mixtures
of organic acids and water were prepared by radiation grafting of hydrogels
on PE films. The flux through the membranes increased dramatically by
increasing the degree of grafting. At high grafting loads the flux could be
further increased by elevating the temperature of operation without effecting
the selectivity. Such a behavior which is not observed with membranes of
relatively low degree of grafting.

4. Synthetic skin substitute is produced by grafting biocompatible hydrogels
on a polyurethane substrate. The product is homogenous, highly elastic,
transparent material, with optimal permeability to water and adherence to
wounds. It is a commercial product manufacture in Israel by OMIKRON under
the trade name "OMIDERM" and is soled all over the world.
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Radiation induced preparation of membranes for industry

and hydrogels for medical use.

by Adolphe Chapiro

C.N.R.S., 94320 Thiais, France

I - MEMBRANES.

Permselective membranes are prepared by radiation

induced grafting of water-soluble monomers into various polymer

films. The advantages of this process are :

- easy preparation under very clean condition;

- great flexibility of the method in creating

many different membranes;

- no need to form a film, which is sometimes difficult

with highly polar polymers.

Numerous types of membranes have been produced. They find

industrial uses in reverse osmosis or electrodyalysis and as

separators in batteries.

Many polymer films are used :

polyethylene, polypropylene, poly(vinyl chloride),

fluorinated polymers and many others.

The choice of the polymer film to be grafted depends on

the final uses of the membrane.

The monomers used for grafting are :

acrylic and methacrylic acids, vinylpyridine,

vinylpyrrolidone, vinyl imidazole, styrene (sulfonated).
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Two general methods are used for grafting :

1 - the "direct" or "mutual" irradiation method, in which

the polymer film is irradiated in close contact with

the monomer and

2 - the radiation induced peroxidation method, in which

the polymer is at first irradiated in air to become

peroxidized and thereafter contacted with the monomer

for grafting.

Both methodrare presently practiced commercially.

Method 1 is used by R.A.I., New-York and by several companies in

Japan, method 2 is practiced by company "Morgane" established in

France since 1989.

The fine structure of some of these membranes was

studied. In most cases the grafted branches are not compatible

with the base polymer and microphase separation occurs. The

structure of the membrane is therefore micro-heterogeneous, tiny

domains of a water-soluble polymer are dispersed in the

hydrophobic matrix of the base polymer.

II - HYDROGELS.

Hydrogels, based on different polymers, arc easily

produced by irradiation of aqueous solutions of a polymer which

becomes crosslinked. The method is easily controlled by the

radiation dose wich determines the density of crosslinks (average

distance between crosslinks) and thereby the degree of water

absorption by the gel.
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Radiolytic yields for crosslinking G(c.l.) can be

derived from the critical dose of incipient gelation, if the

weight-average molecu^r weight of the polymer is known. In the

case of polyvinylpyrrolidone, G(c.l.) values range from 0.15

for 1 % solutions to 0.9 for 30 % solutions. Hydrogels with good

properties are obtained for doses of 5 to 25 kilogray.

Polyvinylimidazole is a polymer similar in properties to

polyvinylpyrrolidone. Hoever, the double bonds in the iraidazole

ring react with free radicals under certain conditions. This leads

to G(c.l.) values as high as 7.5, particularly if the polymer was

formed in a chlorinated solvent and contains chlorine groups at

its ends. Good gels are obtained with doses as low as 3 kilogray.

Commercial production of hydrogels by radiation is in

operation in Lodz, Poland. Two different companies manufacture

hydrogels of polyvinylpyrrolidone which are presently used in

hospitals as dressings for wounds, particularly burns. The gel is

biocompatible, i.e. it does not produce any irritation. It can be

removed or replaced without any pain to the patient. Moreover, the

healing of the wound can be observed through the transparent gel

and antibiotics or other drugs can easily be injected in the gel.

Other applications involve the preparation of cardiovascular

implants. Studies along these lines on a clinical basis are in

progress in France.
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Radiation Technology And Research In China
Wu Jilan

Department of Technical Physics, Pelting University
Beijing, China 100871

The survey includes three parts.

I. The Brief History and Achievement of Radiation Processing
in China.

In late 50' s in China, main work of radiation chemistry was
connected with the nuclear technology. A few radiation
polymerised products were developed. In early 80's radiation
processing in China entered its developing state. The main
achievements are as follows;

(1) Installed both gamma facilities and E.B. accelerator.

(2) Set up the industry of radiation processing of
polymeric materials and so on, radiation sterilization
and pilot scale production of irradiated foods. In
1991 the total sale value of the products related to
radiation processing in domestic market is estimated
as 100 million U.S. dollars.

(3) Established the systems of regulation and standard
including dosimetry control, radiation safety and
hygienic standards.

(4) Personal training and adult education, international
co-operation proceed in favourable circumstance.

II. Main Research Work On Polymer Radiation Chemistry,
bioxnedical application and radiation technology.

Radiation Crosslinkinq:

(1) Closely related to the industrial production of
various heat shrinkable material, crosslinked cable
and wire.

(2) Systematic studies on radiation crosslinking of
fluropolymer.

(3) To modify the flexibility of radiation crosslinking PE
by blending EVA/PE.

(4) The sensitization effect of acrylates on radiation
vulcanization of Natural rubber latex.

Grafing:

(1) For preparation of special membranes such as bipolar
membrane, weak acidic cationic ion exchange fiber and
chelating fiber.



(2) Surface modification of MgO filler by radiation
grafting.

(3) Modification by grafting of acrylic acid onto wood
fiber.

Modification of polvproplene

Biomedical Application

(1) More works focused on hydrogels

(2) Radiation Chemistry of Chinese Herbal medicine and the
approach of synthesis of modified natural drug.

III. Task in future

(1) To improve management and administration and increase
the utilization efficiency of the equipments.

(2) To broaden the matured radiation products both in
scale and variety.

(3) To do more researches on radiation curing of coatings
by E.B., radiation chemical synthesis, modification of
biopolymers and radiation treatment of industrial
pollution.

(4) To further enhance the close connection between basic
research activities and developments of new methods
and applications.

(5) To complete the related regulation and standards.

(6) To further strengthen international exchange and co-
operation.
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Radiation Processing - Industrial bperi
Jan I assJiorst

•ter. The Netherlands

For insiders it is a known fact that ionizing radiation
processing offers in a variation of situation an alternative to
hazards and pollution caused by conventional processes. In a
study (1) conducted in 1991 by two leading Dutch Institutes
several applications have been identified in which irradiation
beneficially could replace chesdcal treatments which are a hazard
to man and/or a burden to the environment.

The contract irradiation industry aware of the possibilities
offered by irradiation, has started to apply the process for some
applications and is promoting further use. A contract
irradiation company in the Netherlands e.g. applies irradiation
for the decontamination of rock wool used in horticulture, as a
replacement for treatment with highly polluting methyl bromide
and is developing similar applications.

A serious obstacle for the introduction of irradiation
processing in environmental related applications is the general
ignorance of the public, resulting in fear and emotional
rejection. Organizations active in protection of the environment
show the tendency to neglect opportunities offered by ionizing
radiation and to reject application of the process without
further study.

In view of the potential of radiation to contribute to a
reduction in environmental pollution and in hazards caused by
some conventional processes, the irradiation industry is of the
opinion that an effort should be made to improve general
awareness. It is suggested that the International Atomic Energy
Agency in its information transfer activities gives special
attention to this matter. A co-operation with international
environmental protection groups like e.g. Greenpeace could be
established to investigate beneficial applications. Project
studies concerning the technological, social and economic aspects
of irradiation applications versus competitive techniques could
be conducted to familiarize opponents with advantages offered by
radiation technolog_

The activities of the Agency in information transfer aimed
at lowering emotional fear and rejection are highly appreciated
by the irradiation industry. We believe that these activities
should be supported and are willing to corporate in these
efforts. Through the involvement of our international
organization "Association Internationale d'Irradiation
Industrielle" or individual irradiation companies the correlation
with practice of e.g. guidelines, feasibility studies, trainings,
pilot project etc. could be improved.

The disuniformity in regulations governing the possession
and handling of irradiation sources and the application of
irradiation technologies is an obstacle for the expansion of



irradiation applications. The industry, therefore, reec
to the Agency that developments of international standards like
through ASTM and ISO receives attention and full support.

Of general concern to the industry are accidents with
disposed radiation sources. Each publication on accidents does
more harm as can be corrected in many years of correct and safe
utilization. It, therefore, is strongly reco—nded that the
Agency develops activities aimed at an international project on
management of disposed radioactive sources.

(1) "Potentials of ionizing radiation in reducing hazards to
man and environment"
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THE ADVANCED RADIATION TECHNOLOGY PROJECT
USING ION-BEAUS IS JAEEI-TAKASAKI

Takasaki Radiation Chemistry Research Establishment

Japan Atoaic Energy Research Institute
1233 Katanuki-aachi. Takasaki, Gunaa. Japan. 370-12

ABSTRACT

Takasaki Ion Accelerators for Advanced Radiation
A p p l i c a t i o n (TIARA) are being constructed at
Radiation Chemistry Research Establishaent, Atoaic
Energy Research I n s t i t u t e , for the purpose of
application of ion beams to research and development
in materials science and biotechnology. This paper
o u t l i n e s t h e TIARA f a c i l i t i e s , t h e beaa
characteristics, and the main application plans.

INTRODUCTION

The Takasaki Radiation Chemistry Research
Establishment (TRCREJ of the Japan Atonic Energy-
Research I n s t i t u t e (JAERI) has conducted R I D
act iv i t i e s for application of gamma-rays and electron
beams, and the technology i s now widely applied
industrially. Considering such circumstances, JAERI
has started a new R 4 D project using ion beans, that
i s Advanced Radiation Technology (ART) project". The
background of the ART project i s based on the
observation that the application of ion beams i s
developing into effective means for research not only
in fundamental p h y s i c s but a l s o in advanced
technology in many other f i e l d s , and that the
national guideline has been recently set forth to
emphasize basic and pioneering fields. The project i s
intended to make use of the characteristics of ion
beams to R 4 D on materials for space and nuclear
fus ion r e a c t o r s , as well as on new funct ional
materials and biotechnology. The main research items
are l i s t e d in Table I. To promote the research
program, ion irradiation f a c i l i t i e s (TIARA, Takasaki
Ion Accelerators for Advanced Radiation Application)
are constructed under the 6-year program from 1987.
The f i r s t phase of the construction just finished
with the completion of an AVF cyclotron in October,
1991. a f t er the commissioning of a 3 MV tandem
e l e c t r o s t a t i c acce lerator . A 1 MV and a 0.4 MV
e l e c t r o s t a t i c a c c e l e r a t o r s are now under
construction as the second phase. The acce lerator .

Table 1 Main Research Iteas Planned in the Advanced
Radiation Technology Project

I .Research and Development on Radiation Resistant
Materials in Severe Environoent

1. Materials for Space Environment
•Space-radiation resistance of seaiconductor devices
•Space environment endurance of structural Materials

2. Materials for Nuclear Fusion Reactor
•Radiation damage study using triple beaa irradiation
•Radiation resistant orcanic composite materials

II. Research on Bio-Technology
•Environment-tolelant cene resources
•Radiation chemistry of biological aatters
•New labeled coapounnds and short-lived radioisotopes
•Bionics materials

IH.Research on New Functional Materials
•Creation and modification of materials
•Novel analytical technology

IV. Related Research - Ion Beaa Technology

specification of TIARA is summarized in Table 2.
This paper describes an outl ine of TIARA, the

beam characteristics, and the main application plans.

MAIN CHARACTERISTICS OF ION BEAMS IN TIARA"

Large AVF c y c l o t r o n s have been used most ly for
fundamental nuclear phys i c s and medical a p p l i c a t i o n
t o r a d i a t i o n therapy and r a d i o i s o t o p e production so
far. The JAERI cyclotron 1 " 1 is the f irs t one
dedicated to R t D in materials science and other
irradiation purposes. The dedicated facilities were
planned on the basis of valuable experience of
parasitic beam utilization which has been accumulated
in accelerator facil it ies for fundamental physics.
Key technology on accelerator components including
ion sources also have made steady progress, and they

'r\!



Table 2 Hain Characteristics of Four Accelerators
in TlA&t

Accelerators Ion
particle

Acceleration Beaa cur-
energy (MeV) rent (uM

AVF cyclotron p
d
He
C
Me
Ar
Kr
Xe

3 - SO
5 - 53
10 - 100
30 - 330
30 - 530
100 - 700
200 - 630
310 - 620

30
40
20
3
3
3
1
0.1

Tandem electro-
static accelerator

(3 MV)

Electrostatic
accelerator

(3 MV)

Electrostatic
accelerator

(0.4 MV)

P

cN i
Au

P
d
He
e'

He
X i
Au

0.8 - 6.0
0.8 - 15.0
0.8 - 13.0
0.8 - 9.0

0.4 - 3.0
0.4 - 3.0
0.4 - 3.0
0.4 - 3.0

0.025 - 0.4
0.025 - 0.4
0.025 - 0.4

3
10
9

13
300
200
208
100

50
30
30

promoted the growth of the technical basis for the
accelerator application to R I D in materials science.

In the the ART project, i t was considered
necessary that nany kinds of ions froa proton to
heavy ions can be accelerated in TIARA in a vide
range of acceleration energies. The wide availability
of acceleration energy in the energy range fro» a
few tens keV to several hundreds UeV vas realized by
the combination of accelerators including an ion
inplanter and an AVF cyclotron.

If internal PIG ion sources are used in
conventional AVF cyclotrons, the availability of
accelerated ion species and the energy range will
linit the applicability of the cyclotrons to various
f ie lds of R t D. Recent development of ECR ion
sources as external ones and the axial bean injection
system allowed to meet the requirement considerably.
Cyclotron operation in high harmonic modes also
allowed to extend the lower limit of the acceleration
energy for heavy ions. The wide variety of ion
species in middle and low energy regions cap be
covered by electrostatic accelerators of three
different types.

The ART project also requires easy control
and efficient operation of the accelerators and
reproducible setting of beam parameters so that they
can be effectively applied to R I D in advanced
technologies. Computer control systems for TIARA are
expected to play an important role to fulfill these
requirements*1 Tl.

The main characteristics of the AVF cyclotron
and the tandem accelerator are shown in Table 3.

Both light and heavy ions are axially injected
into the cyclotron by two external sources, a
multi-cusp and an ECR type ion sources. Beans of
protons, deuterons and helium ions are available with

• n i n energies of 50. 33 sad 19S *t*. respectively.
Heavy ion beaas of carbon te Kensa can be •cceiler.ated
to an energy range of 2.5 II NeV to 110 O'/M Mel' iV:
•ass nuaber. 0: ckarce Maberll. te installed the ECfi
source OCTOPUS*' developed in louvain. Belgiiua. and
also are now developing another advanced ECR source
to extend the performance of tbe cyclotron by
diversifying available ion species such as aetalUic
ones, and by upending the acceleration enene-

Electrostatic accelerators, the tandea *nd
single-end type accelerators with * aa«iaua terminal
voltage of 3 MV and the ion iaplanter mitt €.* «U'.
were chosen to f i t the re«uireaent aaimiy ©n
aultiple-beaa and aicrebeaa utilizations described
belo*. The tandea accelerator »ith a tesian enhanced
sputter and an HF ion sources oainly provides fceavj-
ion beaas with energies ap to about 20 WeV. Tlie
single-end accelerator aainly generates light ion
beaas with an extreaely narrow energy spread and
a relatively high beaa current. Ibis accelerator »ill
also generate electron beans by the polarity change of
the terainal voltage.

OUTLINE OF TI.MU FACILITIES

The p lan of the f i r s t f l o o r of the TIARA
f a c i l i t i e s i s i l lustrated in Fig. I with a layout of
the beaa transport s y s t e a . They c o n s i s t of the
cyclotron building, the Multiple beaa building, and
the ion beaa research bui lding, a l l of which are
linked functionally as a whole- The building of the
f a c i l i t i e s partly completed in 1990 except for the
•ain part of the aultiple-beaa building which i s to
be constructed in the second phase.

The cyclotron i s equipped with eight aain
horizontal beaa courses, two horizontal branch

Table 3 Main Characteristics of the AVF Cyclotron
and the Tandem Accelerator

AVF Cyclotron (nodel: Suaitoao Heavy Industries. 930 type!
K-nuaber
Extraction radius
(umber of sectors
Angle and nuaber of dees
RF frequency
Harnonic nunber
Range of U/Q
Ion source for light ions
Ion source for heavy ions
Acceleration energy
number of aain beaa course
Nunber of branch course
3 UV Tandem Accelerator (NEC
Ion mass for acceleration
tfaxiaun injection voltage
Voltage generation
Voltage dividing wethod

Charge exchange
Negative ion source

Nuaber of beaa course

110
92.3 ca
4
86* and 2
11 - 22 MHz
1. 2. 3
I ~ 6.5
multi-cusp type
ECR type (OCTOPUSI
see Table 2
8
6 (vertical course: 4)
Pelletron type. 9SDH-2)
1 ~ 200 aaiu
80 keV
U o Pelletron chains
fixed resistor grading
gas electron stripper
cesiuo enhanced sputter type
RF type (Alphatrois)
4 (one for aicrobeaa)
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Fig. 1 Plan of the First floor of TIARA Fac-'lities

courses, and four vertical branch courses. The
experimental area on the first floor consists of five
target rooms: two for light ions and three for heavy
ions. Other three target rooms for vertical beaas are
located in the basement.

The experimental area of the multiple-beam
building consists of three target rooms mainly for
multiple-beam and microbeam utilization on the first
floor and two special target rooms downstairs, one
for an electron bean from the single-end accelerator.
The total floor area of the TIARA facilities will be
about 17,500 m1• Figure 2 shows an exterior view of
the TIARA facilities.

BEAM CHARACTERISTICS AND THEIR APPLICATION

In addition to the basic performance of the
accelerators, various beam application techniques
have been emphasized to meet the research requirement
on materials science and biotechnology. The
characteristics of ion beam application techniques in
TIARA are listed in Table 4, which are classified
into four application groups: spat ia l beam
application, time-resolving application, multiple-
beam application and secondary beam generation.

Ion microbeaa is one of the «ost characteristic
beam applications required from different fields of R
I 0 in the ART project. An outline of the application
plans is suaaarized in Table 5. MeV ion aicrobeaa
technology has aade reaarkable progress in recent
years chiefly for bean analysis using light ions. The
ART project emphasizes developaent of high-energy
heavy-ion aicrobeams for studies on single event
upsets (SEUJ of semiconductor devices*' and
biotechnology such as cell surgery. A heavy-ton
•icrobeam system"" was installed on a beam line of
the tandem accelerator mainly for analysis of SEU of
semiconductor devices in spacecrafts. SEU phenomena
depend on not only hitting particles but also the
hitting position on the microcircuits. The analysis
of SEU requires the spot size of the microbeam
within 1 urn, the beam positioning accuracy within ±1
jim, and single ion hit. The microbeam sysytera was
designed to meet the above requirements.

A light ion aicrobeam system providing stable
submicron beam operation is also under development
for study on ion beam analysis by using the single-
end type accelerator with a terminal voltage
stability of 10"* .

A high-energy heavy-ion microbeam line for the
cyclotron with energies up to several hundreds MeV



Table 4 Characteristics of ion Bean %»aicaiiion
Technique in TUfi.1

Spatial beaa
application

Tiae-resolvins
application

Multiple-bean
application

Fig. 2 A Photo of TIARA Facilities

Secondary heaa
application

Hicrcbeacs. Single IIOTJ bit
Cnifcra irradialiOT to »ide ares
Vertical beans
Scattered bea-s

Pulsed (IJCMI

Tripl«-bean irradiation
0uai-£»ean application
In-situ analysis and observation
lien implantation and Ceposition.
analytical electron sicroscor>e,
pulsed laser-e*cit«J X-ray. FT-ESR1

Sicul2tion of severe environments
(space, lee tenscraturel

Hono-er.ergetic neutron bears
High fluence-rate neutron beaas
Radioactive ion beans (IS0L)
Slo* positron beaas. etc.

is also planned for study on cell surgery technology.
SEU. and nicrodosinetry. AVF cyclotrons have inherent
disadvantages in beam focusing ability because of the
limited brightness and the large energy spread and
divergence. In most nicrobean applications under
planning, however, a simpler beam colliaation aethod
can be used to reduce the beam size by use of a
pinhole aperture at the end of microbeam l ine .
because extremely low beam current density is needed
at the target. The cel l surgery technology also
requires a single ion hitting a localized region in a
cell.

Uniform irradiation of high-energy proton beans
over a wide area within a 100 no square w i l l be
available for the cyclotron by a two-dimensional bean
scanning system using horizontal and vertical bending
electromagnets feeded with alternating excitation
current. I t wi l l be used mainly for evaluating aged
deterioration (total dose effect) of solar cel ls.
semiconductor devices and FRP materials under the
simulated environment of spacecrafts.

The uniform proton beam irradiation will be also
applied to simulation of high-energy neutron induced
dederioration. under cryogenic cooling, of organic
composite materials of superconducting magnets for
nuclear fusion reactors.

These irradiation effects of ion beams will be
compared with those of gamma-rays and electron beams,
a l l of wliich the irradiations will be carried out at
JAERI f a c i l i t i e s . The Takasaki site of JAERI wi l l
f u l f i l the function as a center laboratory for
radiation testing of various materials and components
with different radiation quarities.

Uniform irradiation over a wide area with higher
energies of several hundred MeV heavy-ion beams is
also planned for study of the uniqueness of heavy-ion
induced mutations of plant seeds.

High-energy scattered heavy ion beams with

energies of several hundred HeV heavy-ion beaas is
also planned for study of the uniqueness of heavy-ion
induced autations of plant seeds.

High-enerey scattered heavy ion beaas « i th
energies up to several tiundreds MeV. providing high
linear energy transfer (LET) and relat ively deep
penetration in target aaterisls. " i l l be in use with
the cyclotron, especially for simulating galactic
cosmic-ray environment to evaluate the error-rate due
to SEU of semiconductor devices.

Pulsed beam irradiation of cyclotron beans is
planned for in -s i tu analyses of the eleaentary
process in physical and cheaical interactions of ion
beams with natter. I t is required for tine-resolved'
analys is of the dynaaic behavior in ion beaaj
processing of semiconductor aaterials and in-beaa
analysis of ion-implanted Materials using excited'
nuclei produced by nuclear reaction and recoil . I t '
also provides an e f fec t ive aeans for study on
microdosinetry and the track structure of high LET
heavy-ions using extremely lov f luence-rate
microbeans.

High-frequency beam chopping for the cyclotron
allows us to provide high-energy ion beam pulses at
various intervals l l u s ~ 1 as) required in the
research plan. I t is basically easy to equip the
inject ion beam line with a pulsed voltage beam
chopper (P-chopper). However, multi-turn extraction
from the cyclotron and l imi ta t ion of the slow
chopping performance make i t diff icult to extract one
pulse out of a pulse train from the cyclotron. To
solve the problem, we install another bean chopper
providing a high-frequency sinusoidal voltage wave;
(S-chopper) a f t e r bean ex t rac t ion from the !

cyclotron 1 " . The duration tine of a single pulse]
from the cyclotron wi l l be expected enough short'
within a few nano seconds.

(ol



Table 5 Outline of Application Plan of MeV Ion

Application

Ion species

Accelerator

Ion energy

Microbeam (MB)
formation

Beam size

Beam current

Other remarks

Single event upset

Ni. Si. C

3 MY tandee ace.
AV'F cyclotron

3 - 20 MeV (tandea)
40 - 500 MeV (cycle)

collinated MB •
focused MB

~ 1 in

extremely low

beam positioning
single ion hit
variable intensity

Beaa analysis

P. d. He

3 MV single end ace.

1 - 3 MeV

fucused MB

£ 0.5 jia

high as possible

•ide scan area
variable target
temperature

Hicrobeass in the AST Project

Cell surgery teebnoi.

C. S. 0. Ar

AVF cyclotron

50 - 500

colliaated MS

several m

extremely lo»

exposure in air
beaa positioning
single ion hit

yierodesinetry

He. C. S. C. Ve. Ar

AVF cyclotron

several tej.s JSeV ~
several hundreds He*'

colliuted H5

S 50 j»

extreaely lo»

pulsed bean
variable intensity

The simultaneous triple-beam irradiation of heavy
ions, herium ions and protons using the tandea.
single-end type accelerators and the ion iaplanter is
required for basic study of the conplex radiation
damage of structural materials exposed to high-energy
neutrons produced in nuclear fusion reactor.

The use of dual-beams with two electrostatic
accelerators is required for in-situ bean analysis
study of elementary process in ion implantation, ion
beam mixing and sputtering1 2 > . The Materials
irradiated from the ion implanter are analyzed on the
spot by using various interactions with natter of
light ion beams from the single-end accelerator or
heavy ion beams from the tandem one. Another
dual-beam application using the tandem accelerator
and the cyclotron is also planned.

The cyclotron will be used for two different
high-energy neutron sources by bombarding lithium and
beryllium targets with proton and deuteron beans.
respectively. The first one generates monochromatic
fast neutrons in an energy range of 20 to 90 MeV. It
wi l l be mainly applied for obtaining basic
experimental data on neutron shielding and nuclear-
activation required mainly for design of high-energy,
high-current accelerator facilities1 3 1 . The second
one is intended to provide relatively intense and
uniform neutron beam irradiation over an area within
a 20 mm square. It will be used for basic research on
the aged deterioration of organic composite materials
and other components for nuclear fusion reactors,
though it does not generate high enough fluence
necessary for evaluation of their radiation resistance.

The cyclotron is also applied to R & D on
synthesis of new labeled compounds for use in'
medicine, agriculture, biochemistry and pharmacology"1.
Radioactive ion beams separated with high mass-
resolution by an electromagnetic on-line isotope
separator are applied to studies on unstable nuclei,
off-beam analysis of the surface state of materials,
and on production of highly purified radiaisotopes"1.

Positron beams eaitted froa relatively long-lived
positron emitters produced by proton beaas will be
applied for defect structure analysis of aaterials
with annihilation gaaaa-ray detection after
developine the production technique of aonochroaatic
slow positron beaas.

EXPERIMENTAL APPARATUS OF TIARA

To conduct experiments according to the research
plan of the ART project, target chambers and
aeasuring instruments have been designed and and to
be used for ion beaa irradiation under required
conditions, in-situ observation of radiation induced
phenoaena, aeasurement of various properties of
irradiated sanples, etc.. In the first phase, fifteen
experimental apparatus l i s t ed in Table 6 are
scheduled to be completed by the end of fiscal year
1991. The research group aeabers, consisting of
scientists and engineers froa different sectors of
industry, universities, and govemental research
institutes are now conducting their experimental
plans at TIARA.

The operation of the tandem accelerator was
started for research in November. 1991. The cyclotron
also will be used for experiments from the beginning
of 1992.
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Table 6 List of Experimental Apparatus in TlARi
(Phase I)

Chamber for testinc semiconductor materials and chips
under proton beam irradiation

Charter for testing single event upsets by scattered
heavy ion beaas

Chamber for testing environmental tolerance of FP.P
materials.

Apparatus for heavy ion irradiation to cells in air
•ith penetration depth control

On-line isotope separator
Apparatus for developing near labeled compounds of short

life radioisotopes
Electron microscope *ith multianalytical functions
Apparatus for time resolved X-ray spectroscopy
Apparatus for providing basic experimental data on
neutron shielding and radioactivation

Apparatus for characterizing surface and interface of
irradiated semiconductor materials

Apparatus for microdosinetric study using heavy particle
radiation

Apparatus for preparing layered thin films
Apparatus for preparing multi-pore meabrane
Apparatus for studying the interaction of slo* ions with
solid surface

Apparatus for analyzing defect structure by means of
positron annihilation
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Water treatment for organic pollutants
using ozone and electron beam irradiation

P.Gehringer
Austrian Research Centre Seibersdorf

Dept. of Chemical Engineering
A-2444 Seibersdorf, Austria

ABSTRACT

Of the various organic contaminants found in groundwater, the widely used industrial
solvents trichloroethylene and perchloroethylene are the most common. The conventional
methods for the treatment of such polluted water, i.e. adsorption onto activated carbon do
remove the contaminants from the water but they do not destroy them. This might often
result in a mere displacement of the problem from the water to the carbon.

An attractive solution of this problem offers the mineralization of the contaminants by
oxidation directly in water because such a process remediates the water and disposes of
the contaminants in a single step. On a technical scale the only oxidant for trace amounts
of chlorinated ethylenes in water are OH radicals. The conventional method for OH radical
generation in water is based on the decomposition of aqueous ozone by HOg*. the
deprotonated from of hydrogen peroxide. H2O2 is either added directly to the water or is
made from the aqueous ozone itself by action of non-ionizing UV-radiation. Anyway,
ozone is the sole source for the OH radicals in both ways.

Beside the decomposition of ozone a well known source for OH radicals is water
radiolysis. However, beside OH radicals also reducing species like solvated electrons and
H radicals are formed during the radiolysis of water. Accordingly, with regard to OH radical
generation more than 50 % of the radiation energy is lost. Moreover, undesirable
reactions could be induced by these species.

When ozone is present during irradiation it reacts with the reducing species forming OH
radicals and the whole radiation energy deposited may be used for oxidation. So this is
the only advanced oxidation process being based on two OH radical sources: ozone plus
the radiolysis of the water to be remediated. The resulting high OH radical concentration
causes a high efficiency especially at very low pollutant concentrations which usually
occur in groundwater contaminations with tri- and perchloroethylene.

Bench scale experiments with a 500 keV electron beam accelerator as radiation source
have demonstrated that the combination of ozone with electron beam irradiation
represents an efficient method for remediation of groundwater polluted with chlorinated
ethylenes. A first cost evaluation has indicated that this process may compete with
conventional technologies. Therefore, a prototype with a capacity of about 3 m3 water per
hour was set up in Seibersdorf. Actual performance data will be presented.
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Schematic view of the prototype for continuous ozone-electron beam irradiation
treatment of water in Seibersdorf

Bench scale experiments with waste water from a pulp-bleaching process and from a
foodstuffs production as well have been performed to check the efficacy of the
combination ozon/ionizing radiation in comparison with other oxidation technologies being
based on ozone. Group parameters like COD, DOC and BOD have been used to illustrate
the effects of the different treatments. For both types of waste waters poor results have
been obtained with irradiation alone. The products formed by ozonation alone were
different from those formed by the advanced oxidation process (AOP) ozone/ionizing
radiation and ozone/hydrogen peroxide, respectively. That means on the one hand AOT
enables a decoloration and COD reduction without BOD increase in the case of the
foodstuffs effluent; on the other hand the toxicity of the pulp bleaching effluent was
increased by AOP. Therefore, the choice of the most efficient oxidation treatment for a
certain waste water problem can be made on the basis of experimental data only.
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Pharmaceutical Products

Paraffin based opthalmlc ointments of:

i) Penicillin G (Na) in A1 -tube

Countries where Permitted

India

•i)

HI)

iv)

v)

vi)

Chloramphemcal in A1-tube and
soft gelatin capsule

Etracyline HC1 in A1-lube

Mercuric Oxide

Hydrocortisone, neomycin (for
cxpon)

Aureomycin

India
Norway

India. Indonesia, UK, USA,
Europe

Australia

India)

UK and some other European
countries

vii) Ncomycin, Corticosteroid

viii) Sodium sulphacetamidc

Certain European countries

UK and some other European
countries

Topical ointments:

i)

ii)

iii)

Framycetin in medicated
paraffin dressing

Paraffin gauze dressings

Indonesia

India

Ncomycin palmitate, chymotripsin UK
in polyethylene glycol base

iv) Tetracyline UK and some other European
countries

Topical powders:

i) Neomycin, polymyxtn and Australia
bacitracin

NOTE:

a) Neomycin has been reported to be
radiation sterilised by India.

b) For bacitracin the dose may be 1 to 1.5 Mrad

ii) Talcum powder, 1.5 Mrad Indonesia

iii) Amylum (for gloves), 1.5 Mrad India, Indonesia, Australia



Crude drugs:

i) Dried herbal medicine, ).5 Mrad

ii) Powder of Rawolfia Sctpcntina.
Ergot

Indonesia

India

Miscellaneous:

i)

ii)

iii)

iv)

Tctracyclinc powder
(for opthalmic ointments)

Tetracycline HCl (im/«v inf)

Tctracylcline HCl in oil
suspension

Papain BPC

Indonesia

UK, Norway

UK

India

v) Soft paraffin (vet.purpose) Australia

vi) Oxfenozadol, 0.3 Mrad (vet. Australia
purpose)

viii) Fluorescein Na strips India

The sterilisation dose permitted is 2.5 Mrad unless otherwise stated.
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Appendix

Pharmaceuticals approved by regulatory authorities for
radiation sterilization and decontamination

Australia
Gaviscon;
Ispaghula husk;
Lubricating cream;
Lyophilised reagent kits of Ca-gluconate and OTPA for preparing
technetium-99m radiopharmaceuticals;
Neomycine, polymyxin and bacitracin ( separately or combined
as a dusting powder);
Normal saline( for perfusing kidney transplants);
Ophthalmic oil suespension of physostigmine salicylate;
Ophthalmic ointment ofi.mercuric Oxides.r sodium sulpnacetamxde;
Sutures.

Bagladcsh
Oxytetracycline ophthalmic ointment,

Europe
Atropine sulphate eye ointment 6& (UK(;
Chloramphenicol eye ointment (UK);
Chlaramphenicol ear ointment (UK);
Chlorarcphenicol ointment 154 (Norway);
Chlorhexidine burn dressing (UK);
Chlartetracycline eye ointment 1̂4 (UK);
Contact lens saline aerosol (UK);
Corticosteroid ophthalmic ointment;
Debrisan (UK);
Neomycin ophthalmic ointment;
Sulphacetamide sodium eye ointment 6*£ (UK);
Tetracycline eye aintmsnti/i (UK);
Tetracycline ophthalmic oil suspension 1% (UK);
Tetracycline powder for i.m. injection (UK);
Tetracycline powder for i.v. injection (UK);
Tetracycline topical ointment 1% (UK);
Veterinary products (UK).

India
Absorbable gelatin sponge;
Catalin sodium tablets;
Debrisan;
Fluarescein sodium strips;
Normal saline ( for kidney transplants);
Neomycine sulphate powder;
Ophthalmic ointment in paraffin base:
- In collapsible tubes:

Atropine sulphate;
Chloramphenicol;
Gentamycine sulphate;
Neomycine sulphate, palymyxin B-sulphate, and Zn-bacitracin;
Tetracycline HCl; •
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- In soft gelatin capsules:
Chloramphenicol;
Gentamycine sulphate;

Prickly heat powder ( antifungal containing boric acid and salicylic
acids) |
Raw materials:

Belladonna dry extract;
Ergot powder;
Papain;
Rawolfia serpentina powder;

Ringer's lactate solution ( for kidney perfusion);
Silver sulphadiazine ( for burn dressing);-
Skin ointment in PEG base:

Neomycine sulphate, hydrocortidone acetate and ©(,-chymotrypsin;
Sutures ( absorbable, non-absorbable);
Veterinary products: Quinapyramine prosalt.

I ndonesia
Herbal medicine;
Medicated dressings containing framycetin sulphate.

Israel
Tetracycline HC1 ophthalmic ointment.

U.S.A.
Antibiotics;
Botanicals;
Chlortetracycline ophthalmic ointment I/a;
Eye drops;
Injectables;
Pigments;
Steroids;
Sutilains ointment USP;
Talc;
Tetracycline ophthalmic ointment 1ji;
Veterinary products.


