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Introduction

Underdevelopment is a global prob-
lem; its impact on most developing
countries produces consequences felt
around the world. Development
economics concentrate on breaking the
poverty barrier through more efficient use
of existing supplies of resources available
to a country. The main resources impor-
tant for economic development are wide-
ly recognized as human and natural
resources, technological knowledge, and
capital goods.

Of these, the primary resource for
economic development is man, not na-
ture. The key factor upon which all
economic development rests is contingent
on his state of mind. Without a popula-
tion which feels empowered to guide its
own development path, no country will
experience sustainable development.
Man must feel able to help himself.
Development does not start with goods, it
starts with people. The true seeds of
development are the education, organiza-
tion, and discipline of a country's popula-
tion. Without these, available resources
remain largely untapped. The central
problem of development lies in deficien-
cies in these seeds. Development cannot
be an act of creation, but must be—to be
lasting—a process of evolution. A
country cannot be "developed" from
without, whether this be attempted by aid
from another country or an international
organization. The basic impetus for
economic and social development must
come from within the country.

Assistance given in the introduction
of new technologies promising economic
development is beneficial and viable only
if it can be sustained by the spirit, educa-
tional level, and drive of the-indigenous
population. Such assistance will be truly
valuable only if it promotes and spreads

advances in education, organization, and
discipline. Sustainable development has
been likened to "stretching". It cannot be
reached by "jumping". There is no short
cut to true development.

To be effective, the initial aid
provided by the more developed
countries or international organizations
must tackle the roots of underdevelop-
ment. International organizations must
be guided by a recognition that each in-
dividual country has its own very specific
development path. Development assis-
tance must not lose sight of the fact that
people are the primary and ultimate
source of any country's wealth. Recogni-
tion of the special needs of individuals in
their environment is essential in en-
deavouring to assist their development
activities.

The achievement of modern science,
pure and applied, does not lie mainly in
the apparatus and machinery that have
been developed from it. Often, however,
the rejection of the apparatus and
machinery is viewed tantamount to a
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rejection of science. This is a dangerous
fallacy. The real achievement of modern
science lies in the accumulation of precise
knowledge, and the recognition that this
knowledge can be applied in a great
variety of ways, of which the application
of modern technologies is only one. "Ap-
propriate" technologies must be applied
in developing countries.

The need for the development and
application of appropriate technologies—
tailored to the needs of the country con-
cerned—to reach development goals in a
variety of countries, lies at the heart of the
IAEA's research contract programme
(RCP). The huge body of technological
knowledge accumulated by the more ad-
vanced nations, being made available to
the less developed countries, cannot be
applied without adequate analysis of the
suitability of these or related technologies
for satisfaction of the real needs of the
country concerned.

A recognition of the technologies
and applications which are truly benefi-
cial to individual developing countries is
essential. Applications which are suited to
the nature of the country concerned can be

cited in every developing country.
Often missing are the opportunities
for developers and users of such
tailored use of technology in various
countries to meet each other, to ex-
change ideas and experiences, and
to learn from one another. The im-
portance of a framework supporting
such exchanges cannot be overem-
phasized. Through such a
framework, those desiring to follow
a similar road may gain from the
experience of others.

The position of an international
organization is ideal for creating the
framework so important in this ex-
change of knowledge and ex-
perience. The role of the Agency in
collecting, systemizing, and
developing scattered knowledge

and experience has been recognized since
its inception.

By bringing together scientists from
developing countries and the more ad-
vanced countries, fertile ground is
prepared for the exchange of ideas from
which valuable fruits may be reaped.
Without the exchange of knowledge and
experience from countries in various
stages of development, an important
catalyst would be missing. Advanced
countries experiencing difficulty in recap-
turing the directness and simplicity of cer-
tain useful technologies, can do so more
easily when they have a chance to ex-
change ideas with scientists from
developing countries. Scientists from
these countries profit through the ex-
change of ideas on new and useful tech-
nologies for application in their own
country.

Almost every developing country
has a scientific and technological problem
which needs scientific expertise. The
IAEA has sought to take a lead with a
legitimate movement towards inter-
nationalization of science worldwide,



primarily benefiting the developing
world. This movement takes a long term
approach to the growth of science.

The IAEA is in a position to influence
substantially the building of adequate in-
frastructure in its Member States, ensur-
ing that their scientific communities are
empowered to actively contribute to the
process of development.

Of essential importance in today's
world is the systematic organization of
scientific activity. Accumulation of scien-
tific knowledge and its application is con-
tinuous and cumulative. Today's
scientist finds his or her place in a con-
stantly evolving network of research and
discovery. Discoveries relevant to the
field cannot be ignored without threaten-
ing the value of such pursuits.

Traditionally, indigenous science
and technology in developing countries
was underrated. Technology—even
when it often did not fit the needs of the
developing country—was bought; often

with multiple restrictions. When the
desired technologies could not be bought,
painstaking, time consuming work was
often the arduous path followed by scien-
tists in these countries.

The research contract programme
tries to deal with this isolation in a number
of ways. Helping to bridge the physical
isolation of researchers in developing
countries through research co-ordination
is the main thrust of the programme. Mis-
sion oriented research—which maximizes
the benefits accruing to the local
economy—is supported.

The Agency thus strives to stimulate
the growth of science in developing
countries by assuring that the Agency and
developed and developing country scien-
tific communities share their knowledge
and experience. Such assistance—espe-
cially if well organized and in keeping
with the needs of the developing
countries—can make the crucial dif-
ference in sustainable development.



Historical development

Isolation was an important topic of
initial discussions held during the IAEA's
preparatory commission meetings in
1956. It was recognized that, although
many of these scientists were working in
relatively well-equipped laboratories,
their research efforts were stifled because
of the lack of opportunities for contact
with other scientists working on similar
and related projects.

The IAEA's objective, as formulated
more than 30 years ago and still its guid-
ing light, maintains that the Agency "shall
seek to accelerate and enlarge the con-
tribution of atomic energy to peace, health
and prosperity throughout the world..."
To this end, the IAEA's primary functions,
as laid down in its Statute, include:

• to encourage and assist research on,
and development and practical ap-
plication of, atomic energy for peace-
ful uses;

• to arrange for the provision of sup-
plies and equipment to meet the needs
of such research; and

• to foster the exchange of scientific and
technical information, as well as the
exchange of scientists in the field of
peaceful uses of atomic energy.

With these functions in mind, the
preparatory commission set the basis for
the Agency's research contract
programme, which was initiated in 1959.
The concept of the programme was for-
mulated to unite researchers in develop-
ing and industrialized countries in
progressing towards common research
goals; to offer guidance to scientists from
the developing world; and, in general, to
provide opportunities for scientists in all
IAEA Member States to freely communi-

cate and exchange information on re-
search activities.

This concept became a reality witn
funding for a handful of research con-
tracts in the first two years of the IAEA's
existence, and with its 1959 budget which
included $315,000 to defray the costs of
small research contracts and studies con-
cerning radioactive waste disposal. Ini-
tially, the work supported was related to
safeguards, radiation protection, safety,
and health. Preference was given at that
time to contracts the results of which had
an immediate bearing on the Agency's
functional activities in these fields.

The Agency's programme for 1960
envisioned additional research contracts
on other subjects as well, as an integral
part of a complex technical assistance
project in which research assistance
provided would permit the project to be
carried out or could accelerate its effective
execution.

While considerable emphasis was
placed initially on research of a more fun-
damental nature, in the early 1960s a shift
of emphasis towards research of a practi-
cal nature occurred. This shift was based
on the importance of results of this type of
research for the more immediate interests
of developing Agency Member States.

In the early days of the programme,
once IAEA technical staff determined that
the award of a particular research contract
would complement one of the IAEA's
programmes, qualified institutes were in-
vited to present their proposals. Un-
solicited proposals received from research
institutes were also considered after
review of all factors, such as availability of
facilities and staff, previous research work
related to the proposed project, and its



compatibility with the IAEA's functions
and programme.

Once selection was made, a standard
IAEA research contract was sent to the
institute concerned. In exchange for
reports on the work under contract, the
institute received a small award con-
tributing towards the total cost of the
project. This award was used for salaries
for scientists and technicians working
under the contract and smaller items of
supplies and equipment. If required, the
IAEA procured necessary supplies and
equipment for the contractor up to the
value of the contract. Contracts were
awarded for one year, with the possibility
of extension. Reports and new informa-
tion developed during work under the
contract were then disseminated.

In the early 1960s, the initial steps
towards establishment of a programme of
research co-ordination on an internation-
al level were made. The first highly co-or-
dinated research effort sponsored by the

Agency involved seven individual re-
search contracts on the applications of cal-
cium-47 in medicine and health physics.
Agency attention to this isotope was
motivated by the physiological impor-
tance of calcium and the role of the
skeleton as the dominant site of long-term
storage of many of the isotopes of greatest
radiotoxicological significance.

After a series of consultants meetings
and awarding a research contract to ex-
plore the methods of reducing the price of
the isotope, the Agency negotiated several
additional research contracts with a series
of laboratories to investigate the most
suitable physical techniques for measur-
ing the isotope in the most interesting
biological problems. These included
several technically advanced laboratories
and some which were particularly con-
cerned with problems of interest to
developing countries. The IAEA served
as a clearinghouse for information
developed under these contracts, making
all data available to its Member States.

Co-ordinated research programmes (CRPs)

The IAEA's first co-ordinated re-
search programme (CRP) was launched in
the mid 1960s to tackle the problem of low
levels of rice production on an inter-
regional basis. Early work carried out
under this CRP concentrated on the ap-
plication of isotopes to rice fertilization
studies and involved research institutes
from 12 countries. A background of in-
consistent and inconclusive results from
classical yield techniques was the impetus
behind the CRP.

The IAEA, in co-operation with the
United Nations Food and Agriculture
Organization (FAO), assisted Member
States which had adequate facilities and
personnel to use radioisotopes in
soil/water/plant investigations. Simul-
taneous performance of the same experi-

ments in a number of countries was the
key to the success of the CRP. To achieve
the same degree of certainty using only
one experimental site would have taken
much longer and would have had no
general validity. During six years of ex-
perimentation, an extensive amount of
data was collected and a full review of the
factors affecting utilization of phosphorus
and nitrogen fertilization by rice was pub-
lished as an Agency technical report,
which was distributed to numerous in-
stitutes in IAEA Member States.

This first CRP provided a positive
example of the multiple benefits which
could accrue to Member States through
such an organized network of scientists
concentrating on a common problem.
Characterized by scientists pursuing re-



search at their own institutes and peri-
odically meeting to compare their re-
search results, this CRP set the direction
for the development of today's research
contract programme.

Thus, the IAEA began to design
CRPs with a well-defined research theme
relating to its scientific programmes while
considering advice from outside consult-
ants,, internal fora, and in close contact
with institutes in Member States. CRPs
were developed with clear research plans
for which participation by groups of in-
stitutes was deemed desirable. They of-
fered a unique opportunity for the direct
exchange of information and experience

among scientists from Member States at
different stages of development.

A further development in the con-
cept of establishing research co-ordina-
tion through CRPs was the establishment
of cost free research agreements, which
were first offered to industrialized
countries in 1968. Although no financial
assistance was provided under such ar-
rangements, benefits accrued to agree-
ment holders in the form of increased
contact with research groups in other
countries working in the same field.
Thus, the concept was expanded to em-
phasize the opportunity for scientists
from developing and developed countries
to meet and exchange ideas.

Operational principles

The principles of these initial co-or-
dinated efforts have provided a strong
basis for today's CRPs and for the
Agency's research contract programme.
Although basically functioning as it did
then, the programme has been improved

through development of certain revised
procedures in an effort to ensure greater
effectiveness.

Under the programme, the IAEA
places contracts and agreements with re-
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search centres, laboratories, universities,
and other institutions in Member States to
conduct research projects in relation to its
scientific programmes.

Fields in which research currently is
supported by the Agency include nuclear
technology, radioisotope and radiation
applications, the protection of man
against ionizing radiation and the conser-
vation of our environment. The relative
emphasis to be given to each subject and
the designation of specific topics within
each area are reviewed annually by the
Agency, with consideration of Member
State input (experts, consultants, and ad-
visory groups). The programme is
oriented towards research topics of
specific interest to the developing
countries. Wherever possible, contracts
are awarded to institutes in developing
countries.

On the basis of agreed subjects of
research, CRPs are proposed by Agency
scientists and reviewed by the IAEA. Fol-
lowing a decision to establish a CRP, the
scientific staff member who developed
the proposal becomes the responsible
project officer. This staff member is
responsible for all technical matters relat-
ing to the CRP, contacting interested in-
stitutes, guiding its progress, evaluating
reports, and ensuring that results are
widely disseminated.

Research contract proposals may
originate within the Secretariat or at an
institute, which is normally a non-profit
research organization. In either case, a
formal proposal must be submitted to the
IAEA. Research institutes are invited to
submit their proposals directly to the
IAEA without going through government
channels.

After a thorough examination of the
proposal and a decision to contribute
towards funding of the project, a lump-
sum cO't sharing contract is prepared.

Though the amounts awarded are small
—the present average being approximate-
ly US$5 900 per contract per annum—the
impetus given can be far more than
proportionate to theexpenditure, as IAEA
support often attracts substantial addi-
tional support for the project.

Provision is made for specified pay-
ments in return for research results
provided in accordance with a stated
programme of work. Each contract with
an institute is awarded on the under-
standing that a specific individual of the
institute, named in the contract, will serve
as chief scientific investigator (CSI). The
CSI is personally responsible for work
under the contract, including co-ordina-
tion with the Agency and preparation of
all required reports.

All contracts require that informa-
tion and any products (such as plant
mutants, analytical chemistry methods,
instrumentation, or computer codes)
developed under the contract be acces-
sible to all Member States. Such contracts
normally are issued for a period of one
year, with a possibility of renewal for a
second and third year.

As an alternative to research con-
tracts, which always include financial
remuneration, the IAEA also awards re-
search agreements. These are similar in
nature and are administered in basically
the same manner, but do not provide
funds. Under such arrangements, the in-
stitute agrees to provide a technical report
on a specified research topic in return for
formal sponsorship by the Agency and
participation in exchanges of information
and meetings organized by the Agency
with other institutes in the CRP. Research
agreements normally are awarded to in-
stitutes in industrialized countries. In ad-
dition to their value for other institutes in
the CRP, research agreement holders
profit from the access to all information



used and developed in the CRP and gain
an insight into important problems.

Once a CRP is formed, research
teams from an average of 10-12 institutes
normally are selected for participation in
the programme, which lasts 3-5 years.
Regardless of the field of research, each
CRP involves certain common aspects.
With institutes in industrialized countries
working in close co-ordination with those
in developing countries, all participants
are encouraged to conduct work which
will produce new research results and to
apply these results to needs in their
countries. Co-operation between in-
stitutes is strongly encouraged and sup-
ported by research co-ordination meetings
(RCMs) which are financed by the IAEA for
contractors and agreement holders and
held at appropriate intervals for each CRP.
At these meetings, the progress of the CRP
is reviewed in detail and the future direc-
tion of work is established. At the final
RCM, results are reviewed and evaluated
by all participants and, where appropriate,
recommendations are made for future
work in the field.

Publication of the results of the work
done under Agency research contracts in

the open scientific literature by the con-
tractors., as well as in Agency publications,
is strongly encouraged as the most direct
way to bring results to other scientists
interested in the subject. Summaries of
the contractors' final reports are prepared
by the Agency project officer responsible
for the CRP. These findings may be in-
cluded in external publications or pub-
lished by the IAEA in its panel
proceedings, technical reports or 1AEA-
TECDOC series.

The IAEA also may respond to
proposals from institutes for participation
in the research contract programme by
awarding individual contracts not related
to a CRP. A small portion of available
funds is used to finance individual
projects which deal with topics covered
by the Agency's scientific programme.

Traditionally, the majority of CRPs,
as well as individual contracts under the
programme, have supported the promo-
tion of research in nuclear applications in
agriculture, medicine, and physical and
chemical sciences. Currently some three-
fourths of the research contract
programme activities relate to research in
these areas.

Research contracts and technical co-operation

Under the research contract
programme, the IAEA plays an active role
in promoting the use of nuclear science
and technology to solve problems in the
developing world. The focus of this role
is to establish capabilities in existing
universities and institutes in Member
States. Emphasis is on developing the
human resources in such institutes. Thus,
the activities under the programme are
complementary to those of the IAEA's
technical co-operation programme.
Laboratories built, equipped, or modern-
ized under the technical co-operation
programme may benefit and realize their

full research potential through participa-
tion in the research contract programme.

Main considerations in recommend-
ing a research contract award include the
scientific merit of the project and the
ability of the institute and its scientific
staff to successful'y complete the required
research. Institutes selected to participate
in the programme should have the neces-
sary facilities and staff at the time of
award. The availability of facilities and
staff, previous research work related to
the proposed project and, in particular,
the compatibility of the project with the



Agency's own functions and approved
programmes are decisive in the award
decision.

CRPs carried out under the research
contract programme concern solutions to
specific problems, while activities sup-
ported under the technical co-operation
programme may include training or in-
frastructure relating to the development
or use of general techniques. While the
Agency makes every effort to encourage the
participation of institutes in a large number
of countries, adequate care is taken to en-
sure that these institutes are indeed capable
in principle of carrying out the research
envisaged if they are given the necessary
support under contract.

One subsidiary aim of the research
contract programme is to provide "fol-
low-on" incentive to institutes which have
received assistance under the technical co-
operation programme. Alternatively, the
award of a research contract may, in some
cases, trigger a request for technical assis-
tance. To this end, a link has been estab-
lished between the research contract and
technical co-operation programmes in the
Agency to ensure that activities of both are
closely co-ordinated.

In particular, the training of scientists
under the technical co-operation
programme relates directly to the support
and guidance given to scientists par-
ticipating in the research contract
programme. Training-related activities of
the technical co-operation programme, in-
ciuding the awarding of fellowships, par-
ticipation in training courses, and
provision of expert services, often repre-

sent a first step in the co-operation of some
institutes with the IAEA, which continues
with involvement in the research contract
programme.

Once training is completed or advice
received under the technical co-operation
programme, institutes often find themsel-
ves in a position to participate in the
Agency's research contract programme.
Thus, the expertise gained from the initial
technical co-operation programme par-
ticipation can prepare research institutes
in Agency Member States to further
benefit through research endeavours car-
ried out within the framework of the
programme. Conversely, completion of a
research contract can result in a request
for further training under a technical co-
operation programme, aimed at enabling
an institute to conduct more sophisticated
research and ensure application of the
findings of this research.

The two programmes are com-
plementary in providing equipment and
establishing laboratories. While the
provision of a laboratory contributing to a
Member State institute's ability to carry
out certain research can represent the
necessary prerequisite for participation in
the research contract programme, such
participation may also result in a request
for a large piece of equipment under the
technical co-operation programme which
is required to continue with work begun
under a research contract. In a broader
sense, individual research contracts, as
well as CRPs, often form part of technical
co-operation regional and interregional
projects, offering an additional avenue for
participation of institutes in these projects.

Programme growth

The research contract programme
represents a significant activity in the
general programme of the Agency. In the
last ten years, activities totalling US $36

million were financed under the
programme. In 1990, US$4.9 million sup-
ported research in 94 Member States. US
$3.7 million or 75% of the total awards



represented research activities involving
nuclear applications in agriculture,
medicine, and physical and chemical
sciences.

Receipt of generous extrabudgerary
contributions from Member States and
resources provided by other international
organizations have made it possible to im-
plement additional CRPs and thus, the
programme was able to grow in spite of
zero growth regular budget constraints.

In 1990, US $784 224 in extra-
budgetary contributions from Italy, t1 j
Netherlands, Japan, Sweden, OPEC,
the United Nations Development
Programme and the United Nations En-
vironment Programme were used for
financing activities. During the last 5
years, more than US $3.2 million in ex-
trabudgetary resources were used to
finance these activities.

From 1981 to 1990, the number and
value of Agency awards made under the
research contract programme rose sig-
nificantly. The number of contracts
awarded from regular budget funds in-
creased from 303 in 1981 to 663 in 1990,
while regular budget funding made avail-
able under these contracts increased 130%
during this period. The impact of these
increases is often greater than amounts
indicate, since such Agency funding, in
effect, invites additional funding for par-
ticipating institutes.

Co-ordinated efforts in selected re-
search areas also have increased during
the last 10 years. In 1981, institutes in
Member States participated in 70 CRPs,
while in 1990, the Agency sponsored 150
of these programmes. 105 of these in-
volved research on and application of
nuclear techniques in agriculture,
medicine, and physical and chemical
sciences.

Current activities

Using modest financial resources to
contribute effectively to each Member
State's own capabilities is one of the re-
search contract programme's strong
points. CRPs are instrumental in the
transfer of existing technologies to
developing countries, as well as for the
development of new technologies in those
countries. Since CRPs are tailored to find-
ing solutions to specific problems, as com-
pared to general techniques, their
potential value in terms of the effect on
Member States' level of development is
substantial. Once the basic capabilities in
terms of staff and equipment have been
made available in an institute, participa-
tion in a CRP can represent an important
step toward an effective use of the
facilities.

More than 1 800 research projects
currently are being supported under the

research contract programme. Some 1 400
of these arrangements are contracts and
agreements supporting research and
development in the application of nuclear
techniques in agriculture, medicine, and
physical sciences.

In 1990 alone, nearly 1 800 proposals
for new and renewal research projects
were received by the Agency.

More than 1000 research contract
and agreement awards were made in
respect of these proposals; 116 of these
research contracts were made possible by
extrabudgetary contributions. About one
third of all 1990 contract awards were
used for purchases of supplies and small
items of equipment necessary for the re-
search project, which were procured by
the Agency on behalf of the contractors.



Regional programmes

Work under the research contract
programme is sponsored largely or an
interregional basis concentrating on
topics of interest to participants. How-
ever, an increasing number of regional
CRPs were sponsored by the Agency in
1990: eight in Africa, six in Asia and the
Pacific, and eight in Latin A.norica.

Asia and the Pacific: The CRPs in Asia
and the Pacific carried out within the RCA
(Regional Co-operative Agreement for Re-
search, Development, and Training Related
to Nuclear Science and Technology) in-
volved research institutes in 11 countries.

Latin America: Latin American CRP
activities carried out under ARCAL
(Regional Co-operative Arrangements for
Promotion of Nuclear Science and Tech-
nology in Latin America) involved re-
search institutes in 14 countries.

Africa: With the recent introduc-
tion of the AFRA (African Regional Co-
operative Agreement ror Research,
Development, and Training Related to
Nuclear Science and Technology), it is ex-
pected that more CRPs concentrating on
solutions to problems prevalent on this
continent will be activated.
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Research contracts in food and agriculture

The research contract programme in
food and agriculture is an undertaking
carried out jointly by the FAO and IAEA
through the Joint FAO/IAEA Division of
Nuclear Techniques in Food and Agricul-
ture. This programme currently involves
40 CRPs, each devoted to a particular
problem which needs to be solved to im-
prove the yield or quality of the food
produced from crops or livestock for feed-
ing human populations in developing
countries. The topics covered by these
CRPs are so wide ranging that it is impos-
sible to cover them all; therefore, only
selected examples are given to illustrate
the benefits obtained through the
FAO/IAEA agricultural programme.

By way of setting the scene for this
programme, it is important to bear in
mind that farmers in developing countries
are faced with problems which often are
not found in the industrialized world.
Often the quality of soils for growing
crops is poor because insufficient water
and nutrients are available for producing
high yields, and the types of crops grown
are susceptible to environmental stresses,
diseases, and insects. The ability of
animals to produce meat and milk in these
countries is also low because of the

seasonal availability of feeds and the high
prevalence of diseases caused by viruses
and bacteria and by parasites transmitted
by insects. In such environments, animals
neither grow nor reproduce efficiently.

All these problems are compounded
by the fact that in the developing world,
many farmers simply cannot afford to buy
the fertilizers, insecticides and other
chemicals used in the northern hemi-
sphere to improve soil fertility and to con-
trol the plant and animal diseases and
pests which reduce productivity. There-
fore, while the research supported
through the FAO/IAEA programme is
first and foremost directed towards in-
creasing crop and livestock production in
developing countries, this research must
also provide solutions which are affor-
dable and sustainable, and at the same
time, environmentally sound.

For these reasons, CRPs also address
the potential problems associated with the
residues of agrochemicals used in crop
and livestock production, and with how
to reduce wastage and to remove disease-
causing organisms from agricultural
produce.

Improved soil fertility and crop yields

The joint FAO/IAEA programme to
assist Member States in their efforts to
develop sustainable levels of crop produc-
tion has two main thrusts. One is to
develop and apply methods which enable
scientists to measure the moisture content
of soils and thereby to develop practices
for farmers which will maximize the
benefit from available water resources.
The second is to assist in the development

of strategies based on the use of fertilizers
or cropping systems which will increase
soil fertility and thereby maximize crop
yields.

A recently completed CRP focused on
comparing the usefulness of various
methods (nuclear and non-nuclear related)
for assessing soil-water content in dif-
ferent environments and under varying



systems of soil management. The par-
ticipating institutes in the CRP were
selected from countries in Asia, Latin
America, the Middle East, Europe, and
Africa where irrigation development
projects are a high priority.

The resclts demonstrated the useful-
ness of neutron moisture gauge measure-
ments for determining a number of
parameters critical for proper assessment
of the water status of soils in rain fed and
irrigated agricultural areas. For example,
it was found that a simple neutron mois-
ture gauge measurement was more repre-
sentative of water status over a larger area
of a field than were measurements based
on gravimetric sampling methods or the
use of tensiometer and resistance blocks.

Also, it was shown that neutron
moisture gauges can be used routinely for
in situ determination of the relationship
between soil/water content and water
pressure in the soil matrix — something
which has to be known to maximize the
efficiency of irrigation practices.

These and other findings led to the
conclusion that the use of neutron mois-
ture gauges is the most convenient non-
destructive method of evaluating
variations in soil/water storage across
large rain fed and irrigated agricultural
areas, thereby opening the way to the
study and initiation of more efficient
water management practices.

As a follow-up to this programme, a
CRP was initiated in 1989 to assess irriga-
tion schedules for field crops to increase
the effectiveness of water use in irrigrtion
projects. This programme has par-
ticipants from all regions of the world
where irrigation development projects are
high priority.

Apart from water, one of the most
important factors for plant growth and
soil fertility is the amount of nitrogen

Neutron moisture gauges are used to estimate water
consumption by tropical fruit trees.

available. In fact, in most tropical and
subtropical countries, nitrogen is the most
universal soil deficiency. Since many
farmers cannot afford to apply fertilizers
containing nitrogen, the use of plants
which can make their own nitrogen fer-
tilizer from the nitrogen present in the
atmosphere becomes very important. The
process is called "biological nitrogen (N)
fixation".

The most important N-fixing crop
plants are legumes. These are able to fix
nitrogen because of nodules on their roots
which contain billions of bacteria called
Rhizobia. These fix atmospheric nitrogen
so that it is free to combine with hydrogen
in the plant nodule and thereafter with
other molecules to produce the proteins
and amino acids needed by the plant to
grow.



By using fertilizers labelled with the
stable isotope nitrogen-15, the process of
biological N-fixation can be quantified
and therefore it is possible to determine
how much nitrogen different crop plants
obtain from soil reserves and fertilizer.

The potential for increasing common
bean yield by increasing the amount of
nitrogen derived from symbiotic fixation,
and thereby reducing this legume's
reliance on fertilizer nitrogen, was ex-
amined in a recently completed CRP con-
ducted in Latin America. Seven institutes
from the region participated and it was
supported by research agreement holders
from the USA, as well as from the region.
The programme was initiated in 1986
since at that time it was considered on the
basis of previous research that nitrogen
fixation in common bean was rather low,
meaning that about 30% of nitrogen was
obtained by this process. The CRP's main
goal was to enhance nitrogen fixation by

this important food crop through the com-
bined efforts of soil microbiologists and
plant breeders.

Field experiments were performed
to investigate the nitrogen fixation effec-
tiveness of various common bean cul-
tivars and breeding lines, using the
nitrogen-15 isotope dilution method.
Simultaneously, most of the participants
initiated breeding programmes for en-
hancing biological nitrogen fixation in the
common bean. The effect of environmen-
tal factors, rhizobial inoculation, and
other crops on nitrogen fixation was
measured following the initial screening
experiments, and some participants also
studied the time course of biological
nitrogen fixation.

This CRP demonstrated that there
were large variations between plant types
in terms of nitrogen fixation. In some of
the experiments, up to 65% of the nitrogen

Participants in a training course at the IAEA laboratories at Seibersdorf leant field uses of neutron moisture
gauges.



used by the crop was derived from the
atmosphere, which is much greater than
previously reported for the common
bean. The data also confirmed that
nitrogen fixation by common beans is af-
fected significantly by the genotype of the
plant and environmental factors.

Cultivars which demonstrated
higher nitrogen fixation than commercial-
ly available cultivars have been recom-
mended to farmers for cultivation or for
use in breeding programmes.

Research carried out under this CRP
has benefited farming communities
which rely heavily on common beans as a
protein source. The results from this
programme have been published by the
IAEA in a book entitled "Breeding
Legumes for Enhanced Symbiotic
Nitrogen Fixation" and as a technical
document (TECDOC). Scientific papers
from individual participants, as well as
supportive research performed at the
FAO/1AEA Laboratories, Seibersdorf,
have been published in various journals.

Breeding more productive crop varieties

Since its earliest clays, the
FAO/IAEA programme has assisted ef-
forts by national institutes in developing
Member States to select and breed im-
proved crop varieties. In some cases,
these varieties have higher yields or show
greater resistance to diseases than their
parents, while in others the improvement
has been in the form of tolerance to heat,
earlier maturity, or better nutritional
value.

These varieties have come from
what is termed "induced mutation"
breeding programmes where, by ir-
radiating the parent material (such as
seeds) with Xrays or gamma rays, the
genetic material of the plant is changed.
Radiation in effect has caused the plant
to mutate, and by rigorously selecting
and breeding from the mutant lines for
the character which was deficient in the
parent material, the plant breeder even-
tually ends up with a new line with a
higher agronomic value.

This methodology has been used
for all kinds of food and industrial crops
within the framework of many CRPs,
and there is no question that the impact
has been enormous. For example, in the

Asian region, more than 600 plant
varieties derived from seeds or other plant
tissues which had been exposed to ioniz-
ing radiation are now growing over mil-
lions of hectares of land.

Recently, the Agency's programme
in this area shifted to combining radiation
induction techniques with hi vitro culture
and other new biotechnological methods
for genetic improvement of crops. Some
of these methods (such as the use of
doubled haploids) can accelerate breed-
ing programmes by saving several
generations as well as by simplifying the
process of selecting for desirable plant
characteristics, such as tolerance to salt or
aluminium. They also make it possible to
select useful plant material from extreme-
ly large populations of individual cells in
a very limited space, such as a simple
laboratory growth chamber.

This general approach was success-
fully used for cereal food crops through a
CRP which was established in 1985 and
involved 17 institutes from developing
and developed countries. When this
programme terminated in 1991, it had al-
ready achieved many of its original objec-
tives. For example, many valuable cereal



Participants in the first research co-ordination meeting on the improvement of basic food crops in Africa,

mutants and doubled haploid lines had
been generated for such species as rice,
barley, and wheat.

The most spectacular result, and one
with great importance for breeding of
hybrid rice, was obtained in China. In
vitro culture and gamma irradiation
resulted in highly desirable variation as
well as in the selection of male sterile
plants which are required to produce
hybrid seeds. The importance of this new
genetic source for male sterility and for
rice hybrid seed production cannot be
overestimated.

Progress was also made under this
CRP with the methodology for producing
cereal doubled haploids. These now can
be produced by culturing isolated
microspores—a process which is inexpen-
sive since it makes it possible to conduct
mutation induction on enormous popula-
tions of individual cells which sub-
sequently develop to normal plants.

This breakthrough opens up the pos-
sibility of speeding up cereal breeding
programmes for such characteristics as
disease resistance and aluminium or salt
tolerance.

Improving livestock production

Livestock, and in particular the
products they provide to feed and clothe
man (meat, milk, wool, and leather) are
an extremely important component of
the agricultural sector in many develop-

ing countries. Even incountries with rela-
tively few livestock, they are indispen-
sable for crop production since they
provide the draught power to prepare the
soil for cultivation.



For the past 25 years, the FAO/IAEA
has assisted Member States to develop, test
and apply technologies which will help to
improve the productivity of their livestock.
Today, tiiis programme involves more than
160 research contracts within the framework
of nine CRPs. They address the problems of
feeding, breeding, and controlling the dis-
eases of livestock in developing countries,
and are specifically directed at small farmers
who keep ruminant livestock, including
cattle, sheep, goats and buffaloes. Some
are regional, focusing on an animal
species or disease of particular impor-
tance to a particular region (such as the
water buffalo in Asia, and rinderpest and
trypanosomiasis in Africa), or examining
a problem of general relevance, such as
optimizing the level of nutrition or
reproductive efficiency.

Representative of the regional ap-
proach in Africa are two CRPs funded by
the Government of the Netherlands on
animal reproduction and trypano-
somiasis, and one CRP funded by the

Swedish International Development
Authority (SIDA) on rinderpest or cattle
plague.

These programmes rely on the use of
sensitive immunoassay techniques
radioimmunoassay (RIA) and enzyme
linked immunoassay (ELISA) to measure
reproductive hormones or the presence of
the disease-causing organisms. In this
way, it is possible to measure the
reproductive or disease status of the
animals concerned. Although these
programmes are still underway, they al-
ready have contributed a wealth of new
information about the efficiency of tradi-
tional livestock production systems,
about the prevalence of both
trypanosomiasis and rinderpest, and
about the efficacy of various eradication
programmes being undertaken in Africa
to control or eradicate these diseases.

For example, the CRP on indigenous
livestock production methods has en-
couraged the collection of baseline data

Sentinel cuttle being examined in the fight against the tsetse fly.



on productivity and investigation of ways
to improve animal performance. Out of
this programme has come the realization
that, even in the same environment, there
are great differences between the in-
digenous breeds used by smallholder
farmers, as well as substantial differences
within breeds, depending on the ways the
animals are managed.

In Kenya and Nigeria for example,
resistance to trypanosomiasis has been
shown to be a major determinant of
productivity in that highly resistant
breeds are able to maintain ovarian ac-
tivity and therefore to breed effectively.
In the more susceptible breeds, the
ovaries are not active and even if the
animals do become pregnant, they abort.
On the other hand, in Egypt, Ghana,
Uganda, and Zimbabwe, nutrition has
been found to be the main constraint, and
ways of circumventing this by feeding
crop residues to improve nutrition and
thereby help animals to reach puberty
earlier and to conceive more easily have
been developed.

In the case of the trypanosomiasis
CRP, the aim has been to develop a test to
diagnose infection in cattle and sub-
sequently to use this test to determine where
the disease is important in different countries
and to monitor the success of control
programmes. Diagnosing trypanosomiasis
is not easy because infected animals often
have so few parasites in the blood that
these cannot be found by the microscopy
methods which are commonly used. As a
result, many animals are not treated with
the drugs available to cure the infections.
The approach taken under this CRP there-
fore was to develop a diagnostic test which
would pick up the trypanosomes even
when present in the blood in extremely low
concentrations.

Using the latest biochemical and im-
munological techniques available, many of
which require radioisotopes, workers at the

International Laboratory for Research and
Animal Diseases (ILRAD) in Nairobi suc-
ceeded in developing such a test. Sub-
sequently, the test was refined and
standardized by FAO/1AEA and ILRAD,
packaged in the form of kits, and dis-
tributed to all contract holders in the
programme. It is now being used routinely
in 12 African countries to diagnose infection
and as a management tool to monitor tsetse
and trypanosomiasis control programmes in
the region.

The rinderpest CRP is based on the use
of an immunoassay test to determine
whether animals have antibodies in their
blood which render them immune to this
infection. The test itself was developed
after extensive research at the FAO's refer-
ence laboratory for rinderpest at the
Pirbright Laboratories in the UK and the
IAEA Laboratories, Seibersdorf. Under the
programme, it is made available to 23 con-
tract holders working in 21 countries in
Africa. These contract holders each
validated the test under their own working
conditions (a process which took about 3
years), and thereafter used the test to deter-
mine the effectiveness of vaccination
programmes being implemented by veteri-
nary authorities in the countries concerned.

The information obtained using the
test showed where vaccination had been
successful and where it had failed, and this
in turn allowed the veterinary authorities to
concentrate their efforts in areas of their
countries where cattle were still susceptible
to rinderpest. This CRP is a unique example
of international co-operation between the
EEC which has largely funded the vaccina-
tion programme, FAO which was respon-
sible for vaccine quality testing, and the
IAEA. It is still too early to say whether the
complete programme will succeed in
eradicating rinderpest from Africa, but it is
already clear that this CRP has helped con-
siderably to strengthen the capacity of
African veterinary services to monitor
their vaccination strategies.



Protection of man, animals, and crops against insects

An IAEA technical officer discusses a tsetse fly trap with research programme participants.

The control of insects is necessary for
successful agricultural production and to
protect humans and animals from the dis-
eases they transmit. Under its research
contract programme, the FAO/1AE A sup-
port the development of biological control
methods against selected insect pests to
improve the effectiveness of present con-
trol strategies which often rely exclusively
on the use of insecticides.

The interest of the FAO/IAEA in
promoting modern and environmentally
sound insect control methods such as the
sterile insect technique (SIT) stems from
the role played by ionizing radiation in the
sterilization of insects. This technique in-
volves rearing and sterilizing large num-
bers of male insects and then releasing the

sterile flies in the infested area where they
mate with the native females. Since no
offspring are produced as a result of such
matings, the native insect population falls
and is eventually eradicated.

Tsetse flies, which transmit the
parasites causing animal trypanosomiasis
and human sleeping sickness in Africa,
have long been considered suitable tar-
gets for control or eradication using the
SIT because of their low reproductive
potential and therefore poor recovery rate
when subjected to control measures. In
1988, the FAO/IAEA initiated a CRP to
develop practices for area-wide tsetse
control or eradication with emphasis on
the SIT.



Within the framework of this pro-
gramme, research is being carried out to
develop and refine the procedures for
mass-rearing of tsetse flies, incluuing in-
sect diets, automation for handling
several tsetse species at a time, and
determining the optimal conditions for
long-distance transport of sterilized
tsetse across national borders from a
central rearing facility.

Other investigations aim at improving
sterile male release strategies; procedures
for monitoring trypanosomiasis incidence
before, during, and after tsetse eradication;
and monitoring the vectorial capacity of
laboratory-reared tsetse. Closely related to
this programme is another CRP dealing
with the control of tsetse flies. In this case,
the focus is on the development of so-called

"slow release formulations" of insec-
ticides using nuclear techniques. The aim
is to find agents (compounds which ab-
sorb ultraviolet light, oils and liquids)
which, if used with the active insecticide
ingredient, will protect it against evapora-
tion, breakdown by light and/or from
being washed off by heavy rain.

Under this programme, radio-
isotopes are used to monitor the rate of
removal of the active insecticide in-
gredient from experimental formulations
placed on targets or traps set up to catch
insects. Several formulations already
have been found which significantly
reduce the speed at which insecticides
used to control tsetse flies are degraded in
the environment, and these are now un-
dergoing large-scale field testing in Africa.

Safe and economic preservation of food products

Having overcome the hurdle of
producing adequate amounts of food —
in terms of agricultural and livestock
products — an important prerequisite for
its distribution to the population, and

Mango damaged by mango seed weevil, a pest which can be
controlled by irradiation.

eventually to consumers outside the
country, is its safe and economic preser-
vation.

There are many ways of preserving
food and one of the newer approaches is by
irradiation — exposure of the foods to care-
fully controlled amounts of ionizing radia-
tion. More than 40 years of research —
including research conducted by
FAO/IAEA supported CRPs — has shown
conclusively that there are no adverse af-
fects from the consumption of irradiated
food. In fact, for many foods, irradiation
has proved to be by far the best method of
preservation, eliminating pathogenic
microorganisms such as salmonella and
reducing the speed at which food is spoiled.

Therefore, irradiation helps to
eliminate many health risks in food, en-
hances the quality of fresh produce,
reduces losses dur'ng storage and
transportation, and can disinfect stored
products such as grains and dried fish.



The IAEA has found CRPs to be ef-
fective vehicles for imparting knowledge
and know-how on food irradiation to its
Member States. For example, one recently
completed CRP investigated the efficacy
of irradiation as a quarantine treatment
for food. This involved determining
parameters such as the radiation doses
required to provide quarantine security
from insects and other pests which infest
food and agricultural commodities, and
distributing the information obtained to
interested parties.

This CRP demonstrated that a mini-
mum dose of 150 gray can be used effec-
tively as a disinfestation treatment of fresh
fruit and vegetables against fruit flies to
satisfy quarantine regulations in import-
ing countries. In some studies, confir-
matory tests involving populations in
excess of 100 000 eggs and larvae of fruit
flies were conducted.

The results of this CRP generated
wide interest among national regulatory
agencies. They have been disseminated
not only to regulatory agencies, but also
to officials and scientists dealing with
plant protection and quarantine, and to
national and private organizations deal-
ing with import/export of fresh fruits
and vegetables. They will soon be pub-
lished in an FAO/IAEA panel proceed-
ings series document.

Under a regional CRP in Latin
America on food irradiation (LAFIP), re-
search was carried out on the effectiveness
of the process in preventing food losses
following harvest, improving the
hygienic quality and safety of food, disin-
festation of food against insect pests, and
in quarantine treatments.

Trial shipments, market trials, and
techno-economic feasibility studies car-
ried out under the CRP demonstrated the
viability of food irradiation technology at
the research and pilot-scale levels, justify-
ing further investment of resources at the
commercial level. For example, a techno-
economic study on irradiation of onions
in Argentina was used in the planning of
commercial irradiation of onions and the
use of the method has reduced losses and,
thereby, increased the availability of
onions during off season. This in turn has
resulted in greater price stability of the
product.

The CRP resulted in numerous pub-
lications to be used by governments in
Latin America and the Caribbean and in
other regions for utilizing and approv-
ing food irradiation. In fact, the results
of this CRP are now also being used by
countries such as the USA to formulate
their policies concerning the use of food
irradiation as an acceptable means of
quarantine control.



Exploration of water resources

Essential to man's survival and wel-
fare is an accurate assessment of available
water resources. As part of the Agency's
isotope hydrology programme, the re-
search contract programme guides inves-
tigations of water resource availability
and management. Three CRPs and more
than 40 individual research contracts cur-
rently are being conducted on the applica-
tion of isotope and geochemical
techniques in geotherma! exploration and
evaluation of isotope data in hydrology.

The first phase of exploration of a
new geothermal field usually is carried
out with geochemical methods which
determine the chemical and isotopic com-
position of gas and water samples from
fumaroles and hot springs. From the
results, it is possible to evaluate the
temperature of the geothermal field, and
the degree of water/rock interaction, as-
suming thermodynamic equilibrium be-
tween water and rock minerals between
the gas components. However, this
operation is often complicated by mixing,

Geothermal features at Sol de Maiiana, Luguna Colorado,
Southeast Bolivia. (Photo: Scandiffiol ENEL)

evaporation Jesses, gas escape, reaction
kinetics, and the occurrence of side reac-
tions which may destroy the equilibrium.

Isotopic analysis of the geothermal
fluid components helps to study the
processes which may occur during the as-
cent to the surface and therefore helps
significantly in the interpretation of the
chemical data. Environmental stable
isotopes can be used for geothermometry
— the measurement of temperatures at
which geological processes occur or oc-
curred — to validate the values provided
by the chemistry, or to help in their
evaluation if the chemical equilibrium has
not been reached or has been destroyed by
processes occurring at shallow depth.

The Agency recently initiated a CRP
on isotopes and geochemistry in geother-
mal exploration in Africa, Asia and the
Pacific, and the Middle East. Nine
countries participate in this effort to apply
environmental isotope techniques to the
exploration of new geothermal areas (in

parallel with conventional chemical
techniques) and to assess the charac-
teristics of geothermal fields during ex-
ploitation and fluid reinjection. Both
these aspects have important practical
implications for the development of
geothermal energy.Under the CRP,
nine participating institutes are carry-
ing out isotopic measurements while
giving priority to investigations of
high enthalpy (heat content) fields,
which can be used for power produc-
tion. Assistance required in perform-
ing isotopic analyses is provided by the
Agency's laboratories.

A similar CRP, which con-
centrated on the application of isotope
and geochemical techniques in geother-
mal exploration in the Latin American



region, was completed in 1990. It fostered
the application of isotope techniques in
geothermics and undertook the isotopic
and geochemical exploration of selected
geothermal areas in Latin America. Nine
countries in the region participated in the
programme which was carried out under
an ARCAL project and was financed by
the Italian Government.

The results obtained, together with
the results obtained in other CRPs, have
been used in most of the participating
countries as background data for the
selection of geothermal areas where fur-
ther exploration should be carried out (by
more expensive geophysical techniques
and exploratory drilling). In particular,
CRP findings have contributed to the
definition of the national geothermal
development programmes in Argentina,
Bolivia, Costa Rica, Guatemala, Mexico,
and Venezuela.

Some of the world's leading experts
in geothermal exploration using
geochemical and isotope techniques have
commented on the remarkable increase in
scientific expertise and versatility in the
application of isotopic and chemical tech-
niques by the CRP participants. The en-
tire programme was evaluated as an
extremely worthwhile way to expose the
participants to the most up-to-date techni-
ques and the rigours and discipline of
scientific reasoning.

Another successful CRP, which was
dedicated to groundwater resources
evaluation with isotope techniques of
selected areas in 10 Latin American
countries, was funded by the Govern-
ment of Germany. Stable isotope ratios
of hydrogen and oxygen in groundwater
depend on the altitude of the recharge
area and the recharge mechanism, and
can be used to identify the origin of
groundwater and reconstruct its
hydrogeological history. Radioactive
isotopes such as tritium and carbon-14,

the concentration of which decreases with
time after recharge, can be used for
evaluating the age and dynamics of
groundwater within the aquifer. Mixing
between waters of different origin can
complicate the issue, but the ex-
perienced isotope hydrologist is usually
capable of deriving information which is
useful for a quantitative assessment of
the water resources and their sustainable
exploitation.

The CRP contributed to the under-
standing of the groundwater regime in
systems where available information was
insufficient. Among those of particular
importance were aquifers of San Juan,
Argentina; the large (1 000 000 square
kilometre) aquifer of Botucatu, which
extends from the Sao Paulo area to Rico
Parana in Brazil; the groundwater sys-
tems in the Chilean desert; the origin of
water inflow in a mine in Oruro, Bolivia;
and the groundwater and lake water in-
terrelations at lake Peten Itza in
Guatemala.

The quantitative approach to
groundwater resources assessment will
be strengthened further by a current CRP
devoted to the role of isotopic data in
calibrating hydrological models,
together with other conventional data
(such as hydraulic, hydrogeological, and
geochemical). It is expected that isotopes
will help in validating models, so that
these become more reliable to predict be-
havior of exploited water bodies.

A CRP due to start this year will be
devoted to thj study of carbon dioxide
and methane cycles in the atomosphere
by means of isotopic variations, in view
of their importance as greeenhouse
gases. Another CRP will take advantage
of the fact that isotopes are powerful
climatic indicators and will explore the
climatic changes induced by the green-
house effect.



The quest for health worldwide

Activities leading to more effective
medicine, including preventive medicine,
diagnosis of illnesses, and their treat-
ment, are supported by the Agency.
Member State institutes currently have

the opportunity to participate in more
than 30 CRPs on research in nuclear
medicine, dosimetry, applied radiation
biology and radiotherapy, and nutritional
and health-related environmental studies.

Human disease
prevention and
control

Four CRPs are currently in
progress relating to nuclear
medicine in communicable dis-
eases. One of them is funded
by the Government of Italy
and concentrates on the
epidemiology of malaria
using the immunoradiometric
assay (IRMA) with monoclonal
antibodies. The second is an in-
terregional CRP using the
IRMA with synthetic polypep-
tide antigens. Two other CRPs,
one for the Asia-Pacific region
and the other for Latin America
have recently been started with
the aim of diagnosing extra-
pulmonary tuberculosis and
blood borne infections using 32p-labelled
DNA probes.

Four CRPs are operative in the field
of in-vitro diagnostic methods with
radionuclides, such as radioimmunoas-
say (RIA), which is an in-vitro
microanalytical method. Screening for
neonatal hypothyroidism by using in-
digenously produced RIA reagents is the
subject of two of them, one global, and the
other in the Latin American region. The
third CRP seeks to investigate the useful-

Mosquitoes collected from households being identified and
prepared for radioimmunoassay to detect malaria.

ness of alpha-feto protein measurement in
serum by RIA as an accurate discriminator
of malignancy in space occupying lesions
of the liver. The fourth investigates the
acceptability and cost effectiveness of
nuclear and non-nuclear analytical
methods in the investigation of liver dis-
orders.

In the area of in-vitro diagnostic
nuclear imaging methods, three CRPs are
in course. After the successful transfer of
radioaerosol technology to countries in



the Asia-Pacific region, it was first used in the

early diagnosis of chronic obstructive pulmonary dis-

ease^. Presently, the same technology is addressing the

impact of environmental air pollution on the
lungs of normal non-smoking individuals.

A second CRP in the same region is
comparing the diagnostic capabilities of
two imaging modalities (radionuclide
and ultrasound imaging) from the point
of view of cost-effectiveness in diagnosing
hepatic diseases, which have j . very high
prevalence in this geographical region.
The third CRP has just been initiated to

study the value of immunoscintigraphy
with Tcm labelled monoclonal an-
tibodies in the early detection of colonic
cancer. The dependence of modern
health care upon technology makes
quality control and preventive main-
tenance of all medical instrumentation a
vital necessity. To help the safe and reli-
able operation of the US $150 million
worth of nuclear medicine equipment in
the developing world, the Agency guides
four CRPs on the subjects in Africa, Asia
and the Pacific and Latin America. The
majority of participants in all the CRPs
come from the developing world.

Dosimetry and quality assurance

Some two and one half to three mil-
lion cancer patients are treated annually
by radiotherapy. All indications are that
radiation treatments will continue to in-
crease in importance. New techniques
have improved the results considerably.
They require, however, an increased ac-
curacy in delivering the dose. An IAEA
worldwide investigation showed that as
much as 20% of the patients get inade-
quate doses—doses deviating more than
15% from the intended level—due to un-
certainties in the dosimetrical procedure.
This results in either doses which are too
low, increasing the risk of tumour recur-
rence, or doses which are too high and in-
crease the risk of severe and sometimes fatal
complications.

Two CRPs dealing with quality as-
surance in dose delivery aim to improve
this unsatisfactory situation. The first
CRP is concentrating on testing the code
of practice on absorbed dose determina-
tion in photon and electron beams, while
the second, emphasizing performance
testing of dosimetry equipment, is inves-
tigating different test procedures to check
the whole dosimetry procedure. The out-
come of this CRP most likely will be the

establishment of a quality assurance net-
work, which is now being tested by par-
ticipants in Europe and the United States.

The Agen> y has long been active in
the field of high dose standardization and
thus has been instrumental in the estab-
lishment of the International Dose As-
surance Service. This service is based on
alanine dosimetry and has been
developed as a guide for industrial rad: i-
tion processing in Member States. It is
complemented by a thermolumines-
cence dosimetry (TLD) service provided
for dose assurance in hospital
radiotherapy departments. Experience
with the alanine high dose service sug-
gests that the ulanine dosimeter may be
able to provide superior performance to
TLD in the therapy dose range. Its perfor-
mance is superior in terms of long term
stability, non-destructive readout allow-
ing archiving of dosimeters, and minimal
dependence on radiation quality leading
to improved accuracy, particularly at high
energy photons and electrons.

Only a few groups of investigators
worldwide have experience with
alanine/electron spin resonance (ESR)



dosimetric systems with applications
ranging from medical to industrial
measurements.

Further research is needed to extend
the method to the radiation therapy dose
range. Thus, a group of experts was re-
quested in May 1990 to advise the Agency
on the subject.

Based on the recommendations of
this group, the Agency initiated a CRP on
therapy level dosimetry with the
alanine/ESR system to:

• extend the application of the
alanine/ESR dosimetry system for
use in cobalt-60 intercomparison
measurements (quality control and

assurance) for radiotherapy dose
levels,

• investigate the suitability of
alanine/ESR dosimetry systems for
in-vivo measurements of radiotherapy
patients, and

• expand the alanine/ESR system from
cobalt-60 radiation quality to high
energy photons and electrons from
medical accelerators.

The consultants' group was confi-
dent that alanine will prove to be a realis-
tic candidate to replace TLD and offers
many potential advantages. This CRP
will strive to explore and extend these
advantages.

Radiation biology and radiotherapy

Activities relating to radiation biol-
ogy applications in radiotherapy as well
as in other fields of human health-care
significance are well represented in the
research contract programme, with four
CRPs ongoing and three completed in
1990. One current CRP, carried out under
RCA and funded by the government of
Japan, is aimed at introducing com-
puterized dosimetry and databases in
radiotherapy of carcinoma of the cervix in
Asian countries.

Cancer of the cervix is the most com-
mon female malignancy in most countries
of the RCA region. Among the three major
treatment modes, such as surgery, chemo-
and radiotherapy, the preferred treat-
ment of choice is radiotherapy which
often provides better clinical results and
less morbidity compared with radical
surgery or other forms of treatment.

Personal computers (expert sys-
tems) with suitable software for
teletherapy (radiation treatment ad-

ministered by using a sealed radioisotopic
source that is at a distance from the target
tumour) and brachytherapy (radiation
treatment using a sealed radioisotope
source in direct contact with the tumour)
now are easily available at affordable
costs and can be introduced through
multi-institutional CRPs among
radiotherapy centres in the developing
RCA Member States. It is envisaged that
the CRP ultimately will lead to an im-
proved and more uniform status of ap-
proach towards the management of
cancer of the cervix by radiotherapy in the
RCA region, and assessment of treatment
results to sustain further improvement.

Experience would be shared with
other developing countries, particularly
in Africa, where carcinoma of the cervix
still constitutes a major cause of death
among the female population.

Another global CRP on computer-as-
sisted radiotherapy planning for tumours
of the head and neck has been initiated.



Cancers of the head and neck con-
stitute on the average 10 to 20% of
malignant tumours in most
countries. These ratios generally
are even higher in the developing
countries.

Many head and neck
tumours seem to associate defini-
tive disease-causing factors and
geographic distribution patterns.
Of the head and neck cancer types,
those in the nasopharynx, oral
cavity, and larynx are the most
common in developing countries
according to the statistics.

This CRP's work pro-
gramme is designed to improve
the quality of radiotherapy techni-
ques for head and n^ck tumours of
the three specified sites.

Efforts are being made to
optimize the treatment technique
by combining brachytherapy
and external radiotherapy with
use of personal computers (expert
systems).

A programme pertaining to
radiobiological effects of low-
dose and low-dose-rate radiation,
with emphasis on capability
development for quantitative as-
sessment of their potential impacts on
human health and on radiological
protection criteria, has been initiated in
a new CRP.

The linearity of radiation-dose-ef-
fects relations, starting from the zero dose,
presupposes identical mechanistic invol-

A treatment called brachytherapy is used to treat cervical cancer.

vement of specified radiobiological effects
at low- and higher-dose levels. Contrary
to this are the progressively growing
literature reports on the stimulatory
(adaptive response) effects of pre-ex-
posure to very low-dose radiation on the
enhanced resistance to a subsequently
delivered higher challenge dose.

Nuclear, atomic, and molecular data

The status of nuclear data needed for
calculations and shielding was assessed

and the necessary databases were
created as part of a recently completed



CRP. It concentrated on nuclear data
needed for neutron therapy, to optimize
dose determination, particle beam col-
limation and shielding, and to improve
the reliability of chemical and biological
effects in neutron cancer therapy. The
final report will be published as an IAEA-
TECDOC and distributed to specialists in
the field.

An on-going CRP is focusing on
atomic and molecular data needed in
radiotherapy. The most important prob-
lem in radiotherapy is the delivery of the
correct dose to the tumour-afflicted tissue
of a cancer patient, with minimal damage
to the neighbouring healthy tissue. To
achieve this goal, optimize the efficiency,
and understand and control the results
of particle radiotherapy, the estimation
and measurement of the required dose

and the understanding of its effect on the
afflicted and healthy tissues play a
paramount role.

Work on nuclear, atomic, and
molecular data thus provides an indis-
pensable basis for creating optimal condi-
tions in clinical radiotherapy as well as
for phantom research, track structure
analysis, microdosimetry, and other
modelling studies of the mechanisms of
radiation actions.

The required physical data relevant
to radiation therapy is being generated,
collected, and evaluated under the CRP.
An important product will be a handbook
on "Atomic and Molecular Data for
Radiotherapy" in co-operation with the
International Commission on Radiation
Units (ICRU).

^
Radiation sterilization of medical supplies

A programme to help upgrade the
safety standards of national health care
services in the developing countries in
Africa and the Middle East, as well as in
Latin America, was initiated under two
CRPs on development and implementa-
tion of radiation sterilization processing
suitably adapted to the needs of local
medical suppliers in the regions. Ac-
tivities under these programmes have im-
proved the local capability for provision
of sterile medical supplies in health care,
which in turn has helped in reducing
and/or eliminating the risks to patients of
contacting infectious diseases transmitted
through inadvertent use of non-sterile
devices in clinical interventions.

Another CRP has involved the adap-
tation of radiation sterilization processing
for biological tissue grafts (e.g. bone,
nerve, skin, chorion, amnion, cartilage,
fascia, dura, among others) in clinical sur-

gical use in Asia and the Pacific region,
carried out under the RCA programme.

Under this CRP a suitable radiation
processing protocol for specified sterile,
biological tissue graft types (as
enumerated above) in clinically usable
quality, was developed and successfully
implemented. This has contributed
towards the life-saving clinical applica-
tions of sterile tissue grafts for patients in
need of reconstructive surgery having un-
dergone major body tissue damage due to
traumatic accidents (e.g. major burns,
bone fracture), diseases (e.g. cancer,
tuberculosis), or congenital abnormalities
(e.g. birth defects in tissues and organs).

National efforts in the countries of
the Asia and Pacific region have since
been sustained, with an increased produc-
tion of clinical quality, radiation sterilized
grafts and setting up of organized tissue
banking facilities for their safekeeping.



The tissue
bunking team
in Taiyunn,
China displays
nilografts
processed as
part of the
CRPon
radiation
sterilization of
tissue grafts.

Radiolabelled antibody technologies

Radiolabelled monoclonal an-
tibodies — highly specific antibodies
produced with hybridoma cells which
bind with a single antigenic determinant
— have demonstrated considerable
potential to be used in nuclear medicine
studies. A number of research groups
are engaged actively in developing
production methods, purification and
quality control procedures for mono-
clonal antibodies as well as radiolabell-
ing procedures, selection of the most
appropriate ligands, and most suitable
radionuclides.

An Agency consultants' meeting
recommended the introduction of
radiolabelled antibody technologies in
developing countries via a CRP to
evaluate labelling, quality control proce-
dures, and characterizations of ap-
propriate monoclonal antibodies for
radioimmunoscintigraphic studies in
such areas as cardiology and oncology
(the study of the causes, development,

characteristics, and treatment of
tumours). The scope of this global CRP
which was subsequently developed by
the Agency focuses on the labelling of
monoclonal antibodies as a potential
agent for immunoscintigraphy of colorec-
tal tumours.

Encouraging results are being
reported by the 14 institutes participating
in the CRP, particularly in the develop-
ment and evaluation of simple and reli-
able radiolabelling procedures and
protocols. It is, however, widely agreed
that much work still remains to be done.
At the present time, the majority of an-
tibodies in in-i'ivo use are against tumour-
associated antigens. In most cases,
supplies are limited to selected centres
and are notavailable for widespread clini-
cal use.

A number of interesting applica-
tions for labelled antibodies, unrelated
to oncology, also have been reported for



the detection of myocardial infarcts and
cardiac myopathy, deep venous throm-
bosis, and for the selective in-vivo labell-
ing of granulocytes.

There are many other possible areas
of exploration, such as in the detection of
focal parasitic infection, where antibodies
could be employed usefully. Whereas
most of the development is taking place in
industrialized countries, many re-

searchers from developing countries are
increasingly interested in participating in
this field and difficulties which might
hinder their more actjve and fruitful par-
ticipation should be tackled.

The most obvious obstacle is the un-
availability of suitable monoclonal an-
tibodies. Another focus is adequate and
simple labelling procedures including
quality control techniques.

Nuclear analytical techniques

Twelve institutes from Latin
America and one agreement holding in-
stitute from outside the region are con-
tributing to a CRP on nuclear analytical
techniques for elemental analysis of
agroindustrial products and food in con-
junction with a related ARCAL project.
The scope of the CRP focuses mainly on
the utilization of nuclear and nuclear-re-
lated techniques in the analysis of trace
elements in produce from the agroin-
dustry for human and animal consump-

tion. The objective of this CRP is to
strengthen the existing analytical
capabilities and competence in the Latin
American region to study problems re-
lated to trace element determination.
Results thus far are encouraging. For
several trace elements such as cobalt, iron,
copper, and selenium at the parts-per-mil-
lion level, and mercury and cadmium at
the parts-per-billion level, the regional ex-
perience has reached standards of interna-
tional competence.

Nutrition

In advanced countries, stable
isotope tracers have numerous applica-
tions in human nutrition research. Using
such tracers, important information can
be gained on energy expenditure, body
composition, and on the metabolism of
protein, fat, carbohydrates and other
nutrients in normal subjects and in
patients with a variety of diseases. In
developing countries, however, these
techniques have not yet been widely used,
despite a high prevalence of serious nutri-
tional problems, such as malnutrition,
malabsorption, and diseases associated
with these, in which such techniques
could be applied.

The principal stable isotopes of inter-
est in human nutritional studies are
deuterium and heavy oxygen (oxygen-18)
in the form of labelled water, nitrogen-15
in the form of labelled amino acids and
proteins, and carbon-13 in the form of
labelled amino acids and a variety of other
compounds. Measurements usually are
made by isotope-ratio mass spectrometry
or, for some applications of nitrogen-15, by
optical emission spectroscopy. These
isotopes, by virtue of their stability, pose no
radiological threat, and therefore can beused
even in children and pregnant women.
Substantial quantities occur naturally in
the human body.



The main objective of the Agency's
ongoing CRP on applications of stable
isotope tracers in human nutrition re-
search is to help selected laboratories in
developing countries to establish com-
petence in the use of stable isotope tracers
and to apply these techniques in human
nutrition research.

Emphasis is placed on the use of doub-
ly labelled water for measuring energy ex-
penditure in children and adults who may
be malnourished and in attempting to

answer the question as to whether the
human body can increase its energy ef-
ficiency when food intake is low. Scien-
tists from 15 countries currently are
participating in this 5-year CRP.

Procedures for doing such work
have been published in co-operation
with the International Dietary Energy
Consultancy Group (IDECG). With
the help of 40 institutes in 20 countries,
a variety of enriched stable isotope ref-
erence materials have been certified.

The human body
contains

substantial
quantifies of

stable isotopes, as
depicted in this

diagram. A
person who

weighs 50
kilograms, for

example, has 225
grams of the

heavier isotopes
hydrogen-2,
carbon-13,

nitrogen-15,
oxygen-17, and

oxygen-18.
(Credit: Dr. Wada,
Mitsubishi-Kasai)

Human
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1.30ka^V^L5.00kg

Body weight 5 0 . 0 kg
Heavier isotopes 2 2 5 g



Conservation of a healthy environment

The use of nuclear techniques in
fields such as agriculture, industry, and re-
search supports environmental objectives.
Research contract programme activities,
geared towards ensuring a healthy environ-
ment for mankind, provide assistance to
Member States in the use of nuclear techni-
ques in a variety of ways to address en-
vironmental problems.

Activities focus on the use of nuclear
techniques in soil fertility and crop produc-
tion, irrigation, plant breeding, pest control,
pesticides, hydrology, research and
development, the study of environmental
pollutions, environmental monitoring and
impact assessment, radiation processing,
and emergency preparedness.

Marine environmental
research

Initially, the impact of the Chernobyl
accident was generally felt to be of most
radiobiological importance to the ter-
restrial environment. However, ocean in-
ventories of radionuclides, particularly
radiocaesium, increased measurably in
some areas as a result of the accident and
a genuine need existed to co-ordinate in-
vestigations. Very few developing
countries are in a viable position to be able
to measure key radionuclides in marine
materials and are thus at a disadvantage
in the event that a marine accident impin-
ges on their coastal waters.

Continuing discharges of artificial
radionuclides in the marine environment
are leading to a complex and changing
overall source term and hence to increas-
ing difficulties in verifying the respective
contributions to the ultimate dose to man

Sediment trap deployment in the Northern
Mediterranean off the Gulf of Lions.

now and in the future. Fortunately, for
some areas of the world's oceans, suffi-
cient knowledge of the isotopic composi-
tion and quantities of the inputs and their
behaviour exist and allow an assessment
of their specific contributions.

Much remains to be done, however,
in other areas of the world to complete the
picture. Increased experience must be
gathered to permit more countries to
decide what domestic actions may be re-
quired in this area. An interesting and
positive element is the excellent utility of
certain radionuclide sources to serve as
tracers for increasing our understanding
of oceanic processes.

Previous Agency CRPs have ex-
amined the behaviour of long-lived
radionuclides from deep ocean dumping



activities and the behaviour of tran-
suranics and other elements that are dis-
charged from nuclear activities into the
marine environment.

In 1988, the Agency initiated a CRP
on sources of radioactivity in the marine
environment and their relative contribu-
tions to overall dose assessment from
marine radioactivity. Guided by scientists
at the Agency's Marine Environment
Laboratory in Monaco, the programme is
concerned with the growing number of
source terms of artificial radioactivity in the
oceans, their distribution, and the contribu-
tions of these radionuclides to the overall
hazard posed to man compared to
radionuclides that occur naturally in the
marine environment.

The programme of work includes ex-
amination of the levels and pathways of
key artificial and naturally-occurring
radionuclides in seawater, sediment, and

marine biota. The major sources of these
radionuclides are being identified and
their contributions and future changes in
these contributions to human dose are
being evaluated. Data on marine
radionuclides required for the assessment
of the dose to man on a regional or global
basis therefore are being obtained. Assess-
ment of the feasibility of Member States to
utilize these radionuclides as tracers for
coastal and regional marine processes is
being conducted along with identification
of training needs in the field of marine
radioactivity. This is a global CRP, current-
ly with 17 institutes participating.

In addition, scientists at the Monaco
Laboratory guide work under some 14
contracts financed by UNEP concerned
with pollution in the world's seas and
oceans, from the aftermath of the Gulf
War, to pesticide pollution off Latin
America.

Terrestrial environmental research

The assessment of any release of
radioactivity to the environment is vital to
the protection of public health, especially
if the released radioactivity can enter the
food chain. Classical, time-consuming
radiochemical methods have been re-
quired for some radionuclides. How-
ever, effective radiation assessment in
case of a release, demands rapid, reliable,
and practical techniques for the analysis
of various radionuclides.

To address these needs, the Agency
initiated a CRP in 1988 on rapid instrumen-
tal and separation methods for monitoring
radionuclides in food and environmental
samples. Fifteen participants are con-
centrating on the programme objectives.
As a first priority, work is directed at the
development and demonstration of rapid
and simplified radioanalytical procedures

to measure important radio- nuclides in
food and selected environmental samples.

The rapid methods of analysis could
include either rapid screening methods
for the determination of the approximate
radionuclide content in samples, very
rapid methods for more reliable deter-
minations of individual radionuclide
content, or rapid methods for reasonable
accurate determinations of the
radionuclide content.

In an actual accident situation, screen-
ing methods may be sufficient, if shown to be
reasonably free of interference. However,
the more reliable analysis provided by the
various methods may be required for
some of the samples. The rapid methods
of analysis are intended to permit a timely
and accurate determination of radio-
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nudides at a concentration of at least one
order of magnitude below the derived in-
tervention levels specified for food in the
WHO publication "Derived Intervention
Levels for Radionuclides in Food" and
IAEA "Safety Series 81".

A number of laboratories in Member
States have served in a network of en-
vironmental radioactivity measurement
laboratories aiding the Agency's Cher-
nobyl project. These laboratories are the
crystallizing points for a future



worldwide network of national centres of
excellence that use agreed upon and reli-
able analytical procedures to produce
globally intercomparable results. This
network can be activated and the proce-
dures can be implemented immediately in
case of a release of radioactivity.

Improvement and validation of
radiological assessment models, based
upon new information on the transfer of
radionuclides in the environment ac-
quired as a result of the Chernobyl acci-
dent, is the topic of another Agency CRP.
Shortly after the accident, the Agency in-
itiated a CRP on the validation of ter-
restrial, aquatic, and urban radionuclide
transfer models and acquisition of data for
that purpose.

Such models find application in as-
sessing the radiological impact of all parts
of the nuclear fuel cycle. They are used at
the planning and design stage to predict
the radiological impact of planned
nuclear facilities and in the pre-operation-
al stage to develop action levels for u:>e in
emergencies involving releases of
radioactive material to the environment.
In the operational phase, ihey are used
together with the results of en vironmental
monitoring to demonstrate compliance
with the regulatory requirements con-
cerned with radiation limitations.

Nineteen agreement holders cur-
rently are taking part in the CRP, while-
many other laboratories are participating
in the programme at no cost to the Agen-
cy. The annual research co-ordination
meetings typically attract some 100 scien-
tists. Most are engaged in the activities of
one or more of the four working groups:
terrestrial, urban, aquatic and multiple
pathways. The programme involves
model testing, data collection and peer
review of important transfer processes.
Those engaged in model testing are re-
quired to make predictions of radionuclide
transfer in defined situations. The Cher-

nobyl release has provided a unique op-
portunity for those predictions to be
tested against actual observations made in
countries most affected by the release.

A recently approved CRP, expected
to be funded by the Government of the
USA, will concentrate on the radiological
impact of the Chernobyl accident on
countries neighbouring the USSR. Data
generated by this CRP will be integrated
in accordance with standardized
protocols and should facilitate recom-
mendations on the implementation of in-
tervention techniques to reduce doses
whenever this might be required.

These findings will also contribute to
the improved understanding of risks as-
sociated with long-term low-level ex-
posure. The CRP will contribute to an
improved quality of life for residents of
contaminated areas via more effective
communication of radiation protection
information, more thorough environ-
mental measurements and reporting of
results, public health advisories, and
other public assurance techniques. The
development of risk reduction and mitiga-
tion strategies, improvement of risk assess-
ment models, infrastructure building, and
high visibility mitigation also will be ad-
dressed.

Several new CRPs have been
planned in co-operation with the Cher-
nobyl Centre for International Research,
with which the Agency signed an agree-
ment in late 1990. Under this agreement,
Governments of the USSR, the Byelorus-
sian SSR and the Ukrainian SSR, agreed to
place the "Pripyat" Scientific Centre at
Chernobyl at the disposal of other
countries and international organizations
for the purpose of conducting research
projects relating to nuclear safety, radia-
tion protection, and waste management.

Two CRPs, one concentrating on risk
assessment recommendations based on



the radiological impact of hot beta par-
ticles from the Chernobyl fallout and the
other examining decontamination, en-
vironmental restoration, and manage-
ment of the resulting waste, have been
initiated by the Agency.

The first CRP will help provide much
needed data on the radiobiological effects
and health physics aspects of high specific
activity hot beta particles potentially en-
countered by persons exposed to Cher-
nobyl reactor accident fallout.

These multidisciplinary data, when
integrated, should facilitate practical
recommendations on risk estimation and
radiological protection implementation
which will either validate the ICRP state-
ment that high concentrations of radioac-
tive material in "hot spots" is less effective
carcinogenically than the same amount of
material spread uniformly and delivering
a lower but uniform dose, or confirm the
prognosis of Byelorussian scientists that
lung cancer is likely to increase in the
population of contaminated regions af-
fected by the fallout after the Chernobyl
accident.

The second CRP is intended to ac-
celerate the collection of experience of
IAEA Member States to perform various
decontamination operations in the field.
Included in the scope is the testing of ex-
isting decontamination methods as well
as development of more efficient methods
and equipment for application to build-
ings. In-situ stabilization and disposal
of wastes will also be addressed.

Various other CRPs emphasize the
use of nuclear techniques for control and
monitoring of non-radioactive forms of
pollution. One recently completed CRP
has demonstrated the application of
radiation processing for decontamination
of municipal, hospital and industrial was-
tes. Another ongoing CRP deals with
radiation processing of combustion gases
(e.g. from thermal power plants) enabling
the removal i .f some important pollutants
and their conversion into agricultural fer-
tilizer. Other CRPs reflect the interest of
many Member States in using nuclear
techniques tc study air pollution, solid
wastes (such as coal fly ash) and human
exposure to toxic heavy metals. Several of
these complement technical co-operation
projects, particularly in the Asian region.

Tlie reactor pressure vessel is shown emerging from the below-grade portion of the reactor enclosure and
canal during decommissioning of the Shippingport nuclear plant in the USA. (Photo: U.S. Dept. of Energy)



Protection of man against ionizing radiation

Closely related to the goals of ensur-
ing a healthy environment for mankind is
the protection of man against ionizing
radiation, an area in which the Agency
carries out research contract programme
activities.

Radon (Rii-222) is a natural
radionuclide which occurs in the decay
chain of uranium 238. Its immediate
parent is radium (Ra-226), which is
present in the earth's crust in varying
degrees of concentration. Radium con-
centration in building materials, par-
ticularly those derived from recycled
industrial waste material such as fly-ash
from coal-fired power plants can be sig-
nificant and therefore may be one of the
main sources of radon in buildings.
Another main source of radon in build-
ings is the soil surrounding the structure
from which radon can migrate into the
indoor air.

Radon in the outdoor atmosphere
comes principally from the soil. The de-
gree of radioactive equilibrium between
radon and its decay products in the atmos-
phere at ground level depends to a large
extent on the meteorological conditions.
The concentrations of radon in outdoor air
vary with place, time, height above
ground, and meteorological conditions.
As the source of radon is the soil and
radon has a rather short physical half-life
of 3.8 days, the radon concentration is
decreasing constantly with height.

Radon emanation from the areas
with increased R?.-226 concentration such
as granite or phosphate rocks can be sig-
nificant. Houses and buildings in such
areas may accumulate radon in concentra-
tions which may result in significant
radiation exposure. Being a no' le gas,
inhaled radon does not undergo any

chemical reaction with the body tissues
and is almost completely exhaled. A
small amount of inhaled radon may be
dissolved into the body fluid and thereby
transported from the lung to other parts
of the body. Radiation exposure from in-
haled radon alone is small and mainly due
to its decay during transit time within the
respiratory tract. Radiation exposure at-
tributed to radon is due mainly to the
inhalation of radon daughter products in
air and daughter- products resulting from
the radioactive decay of inhaled radon
gas.

Radon daughters attach themselves
to the walls and to airborne particles.
Those attached to airborne particles are
inhaled together with unattached radon
daughters. Fine particles enter into the
alveolar region of the lung, where they
may enter into either the bloodstream or
interstitial spaces of the lung.

In recent years, substantial attention
has been paid to natural radon, particular-
ly to the problems of exposure to radon
and its daughters in buildingsand houses.
In cold climates, where energy saving
measures have led to the tighter sealing of
windows and doors, the radon problem is
significant.

A recent survey carried out by the
United States Environmental Protection
Agency indicated that an estimated 5 000
US lung cancers among non-smokers each
year are probably due entirely to indoor
radon exposure and that some 15 000 lung
cancer deaths among smokers are at-
tributable to this exposure. This com-
pares to some 19 200 deaths due to AIDS
in the United States in 1989. However,
while AIDS can only be transmitted by
bodily fluids, radon is inhaled by
everyone to a largely varying degree, e.g.



Major radon entry routes
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some residents receive up to 100 times the
average dose — higher than miners in
modern uranium mines! These figures
mean that indoor radon's human toll is
likely ten-fold that of the problem of out-
door pollution. Radon is by far the largest
source of natural radiation exposure — on
average contributing at least two-thirds of
any individual's background radiation
dose and over 50% of the total radiation
dose from all sources of ionizing radiation
to which man is exposed.

The need for research on radon in the
natural environment and in buildings and
houses is well justified. Further studies
are needed to understand the problem in

order to devise ways and means to mini-
mize the exposure to radon and its
daughter products. Thus, in 1990, the
Agency initiated a CRP on radon in the
human environment, partially funded by
the Government of the United States of
America, to develop better designs, select
improved building materials, and devise
methods to minimize radon concentration
in indoor air. More than 100 proposals for
participation in this CRP were submitted
by institutes in 54 Member States.

In addition, the results of 25 re-
search projects funded by the Commis-
sion of the European Communities will
be included in this CRP. Therefore, the



CRP was split into two programmes, one
concentrating on instrumentation, modell-
ing, dosimetry, and surveys and the other
on risk assessment.

A recently completed CRP, carried
out jointly by the Agency's Divisions of
Life Sciences and Nuclear Safety, ex-
amined the use of chromosomal aberra-
tion analysis in radiation protection. Its
goals are to develop biological methods
of absorbed radiation dose assessment in
individuals affected by accidental over
exposure.

Radiation cytogenetic researchers —
those scientists carrying out comparative
studies of the mechanism and behaviour
of chromosomes — from nine developing
Member States have worked with
specialists from six advanced countries
and have benefited from expertise shared
during the CRP.

Another CRP carried out by the
Agency centered on the radiological im-

plications of transport accidents involving
radioactive material to ensure safety in its
transport. Transportation accident
scenarios were evaluated to provide a
sound technical basis for the package
design and test requirements embodied in
the transport regulations, or to establish a
basis for change.

Member States transporting radioac-
tive material were the intended
beneficiaries of the CRP. It confirmed the
validity of the accident basis for the re-
quirements in the transporl regulations.

The outcome of tl.e CRP was
reported to SAGSTRAM, the main ad-
visory group on transport, which is ex-
pected to recommend that the results are
introduced in the continuous review and
revision process of the transport regula-
tions, if applicable. The results will be
published in a TECDOC on current re-
search in the field of transport of
radioactive material.



Effective use of nuclear technologies

Recognizing the development and
improvement in the standard of living of
large groups of the world's population
which can be achieved through the safe
and effective use of nuclear technologies,
some 30 CRPs, or one-quarter of the re-
search contract programme's activities,
are carried out in this area.

The objective of a recently completed
CRP on the analysis of research reactor
cores for use of low enriched (LEU) fuels
was to reduce the traffic of highly en-
riched uranium by conversion of reactors
to use low enriched uranium. The CRP
developed and verified analytical techniq-
ues for the analysis of research reactor
cores.

A completed CRP on methods for the
calculation of fast neutron nuclear data for
structural materials concentrated on the
assessment of the reliability of the calcula-
tion methods used and identification of
the most appropriate methods recom-
mended for use in calculations of neutron
cross-sections of the structural materials
of fission and fusion reactors. The CRP
emphasized the improvements made pos-
sible in global optical models through the
use of dispersion relations and the im-
proved understanding of the significant
role of collective excitations in fast
neutron reactions.

Conclusions of this CRP will be pub-
lished as an IAEA report in order to be of
benefit to other specialists. A workshop
will be organized on computation and
analysis of nuclear data relevant to
nuclear energy and safety in early 1992. It
should provide a useful focus for further
dissemination of the CRP results to scien-
tists in developing countries.

One of the major recommendations
of this CRP was that future work be con-
centrated on the problem of predicting the
cross-sections for neutron induced reac-
tions leading to alpha particle emission. A
new CRP responsive to this recommenda-
tion is expected to be initiated in 1992. The
participants also recommended further
co-operation to unify and standardize
nuclear model codes and their associated
input parameter libraries.

In order to assist developing
countries seeking to establish a capability
for performing in-core fuel management
(1FM), a CRP was carried out in the early
1980s to develop a consistent set of com-
puter programme packages. Packages
have been developed for pressurized
water reactors (PWR) and boiling water
reactors (BWR) and are reported in
TECDOC-314 entitled "In-core Fuel
Management Programmes for Nuclear
Power Reactors". These packages can be
obtained free of charge through the NEA
Data Bank and consist of a reference
manual and a magnetic tape.

A consultants' meeting held in late
1987 suggested initiation of a CRP to es-
tablish benchmarks for checking new
developments in the IFM code packages
to complement the existing documenta-
tion. Thus, a CRP on in-core uel
management code package validation
for light water reactors (LWR) was set up
to perform IFM calculations and com-
pare the results with operational data.

The Agency provided a set of operat-
ing data of a typical LWR and a set of the
associated design data necessary for run-
ning the IFM packages to CRP par-
ticipants.



Because burnable ab-
sorbers such as gadolinium
are not used in current
water-cooled and moderated
reactors (WVVERs), the
general knowledge of using
fuel pins containing burnable
absorbers is lacking in many
countries operating these
reactors. The hexagonal
core geometry requires ade- •>
quate tools for properly cal-
culating local effects.

An ongoing CRP on
safe core management with
burnable absorbers in
VVWERs is striving to en-
large the knowledge of fuel
with burnable absorbers by carrying out
experimental programmes and develop-
ing theoretical methods for cell calcula-
tions. Detailed calculations are being
performed in analysing various aspects of

Bohunice Nuclear Power Plant, Czechoslovakia, a WWER, (Photo: Mouchkin/IAEA)

core behaviour in WWERs, when
burnable absorbers are being used. The
experimental results will be evaluated
and compared with results of the
developed methods.

Safeguards

The IAEA's safeguards programme
seeks to assist Member States in their ef-
forts to demonstrate their compliance
with international obligations in the in-
terest of preventing the further
proliferation of nuclear weapons.

In addition to on-site inspections, the
implementation of safeguards includes
electronic surveillance and other technical
measures for verifying the peaceful uses
of nuclear materials and installations.

To fulfil the obligations of interna-
tional safeguards requirements, the
verification of non-destructive assay
(NDA) of spent fuel stored underwater is
needed on a yearly basis. For the IAEA and
the facility operator, it is more cost effec-
tive if the NDA methods do not require a
movement of the items to be verified. The
strong radiation field in the vicinity of

spent fuel assemblies and space limita-
tions, however, make the verification of
spent fuel assesmblies without movement
a very difficult task.

An Agency CRP on the verification of
spent fuel without movement is pursuing
the goals of using novel radiation detectors
— cadmium/tellurium (CdTe) gamma
detectors and a new generation of highly
sensitive solid state track detectors — to
solve this problem and to develop and im-
plement NDA methods for spent fuel
which do not require movement.

The CRP is a direct result of a field
test conducted by the IAEA in one of its
Member States which demonstrated the
principal technical feasibility of this ap-
proach and subsequent discussions of an
advisory group meeting on the NDA of
light water reactor spent fuel in 1987.



Industrial applications

A number of CRPs and individual
research contracts deal with industrial ap-
plications of radiation technology refer-
ring to irradiation of plastics for
sterilization, radiation cross-linking ap-
plications and radiation curing of dif-
ferent materials on substrates such as
wood, paper, plastics, and metal.

Research efforts have been directed
towards the development of simple, com-
pact, transportable, and economic gener-
ator systems suitable for use in the
radiopharmaceutical unit of a hospital.
As part of one CRP, the initial goal in the
development of technetium-99m (Tc-99m)
generators using low power research

Latest model of a tecltnetium-99m gel generator.

reactors was to establish an appropriate
technology for the preparation of Tc-99m
generators using low specific activity
moIybdenum-99 produced by the nuclear
reactor.

Direct beneficiaries of the CRP were
nuclear research centres with active
radioisotope production programmes
based on the utilization of a low to
medium flux nuclear research reactor.

A comprehensive evaluation of the
current status of the various alternative
generator technologies and assessment of
the results obtained during the lifetime of
the CRP also was carried out. It was con-
cluded that alternative Tc-99m separation
technologies based on sublimation techni-
ques and metal molybdate gel columns
utilizing low specific activity Mo-99
produced in typical research reactors
available in developing countries,
promised to be a viable option to even-
tually replace the need for Mo-99 based
fission chromatographic generators cur-
rently commercially available from ad-
vanced countries. These findings are of
particular relevance to those countries
with radioisotope production program-
mes based on the utilization of low
power research reactors.

To fully evaluate the sublimation
and metal molybdate gel elution tech-
nologies on a production scale, a new
CRP has been recently initiated. Under
this CRP, the most promising taiget sys-
tems will be investigated for irradiations
for 1 to 3 days at medium to low neutron
fluxes of research reactors available in
developing countries. This is done to
produce generators which yield useful
quantities of Tc-99m for practical nuclear
medicine studies.



Towards a better future

The research contract programme is
an extremely effective vehicle for promot-
ing the exchange of knowledge and ex-
perience on specific problems of
importance to developing countries.
Making the benefits of scientific advances
and experience available to developing
Member States is essential for the in-
creased welfare of the world.

The immense resources in technical
knowledge of the more advanced
countries provide the basis for the most
valuable contributions to be made in as-
sisting the developing world. These are
the resources which the research contract
programme strives to share for the
specific and tailored use of each Member
State. Through its scientific guidance and
support of this exchange of knowledge,
the Agency hopes to assist materially in
the development of applications of tech-
nology useful for the specific needs of
developing countries.

The IAEA endeavours to make the
research contract programme increasing-
ly responsive to Member States' needs.
Recently completed CRPs are being care-
fully evaluated with the help of expert
fora and lessons are being learned for the
future.

To maximize the benefits accruing
from their combined contributions, the
intensification of co-operation between
the research contract and technical assis-
tance programmes is planned. In addi-
tion, the Agency laboratories in
Seibersdorf and Monaco, as well as the
International Centre for Theoretical
Physics in Trieste will continue to support

and stimulate work under current and fu-
ture CRPs.

The research topics mentioned in this
publication represent only a small sample
from the areas in which research is and
will be supported under the research con-
tract programme. Its future direction, in
terms of subjects for which research sup-
port will be provided and specific CRPs,
is described in the Agency's Programme
and Budget.

Each year in November, the Director
General's annual research contract
programme circular letter provides
detailed information to institutes in Mem-
ber States of the opportunities for their
participation in the following year's re-
search contract programme.

Research institutes are invited to
send inquiries concerning all research
contrary programme activities, as well as
research contract and agreement
proposals, directly to the Research Con-
tracts Administration Section of the
Agency's Department of Research and
Isotopes.

Experience suggests that economic
development depends primarily upon the
capacity and will to develop that are
present in a nation's economy. In virtual-
ly every case of significant and sustained
economic growth, most of the initiative
and means for development have come
from the nation's domestic economy. Yet,
external aid may serve as a vital supple-
ment to any country's development
process and may be the deciding factor
in the success or failure of its endeavour
to grow.



Co-ordinated research programmes

Food and agriculture
Nuclear techniques to improve crop production in salt- 1985 -1993
affected soils

7 contracts 2 agreements
Bangladesh, Belgium, Cyprus, Egypt, Germany, India, Nigeria,
Pakistan-(l).

The use of nuclear and related techniques in assessment 1990 -1995
of irrigation schedules of field crops to increase
effective use of water in irrigation projects

10 contracts 1 agreement
Argentina, Brazil, China, Ecuador, Egypt, Ghana, Morocco,
Pakistan-(l), Romania, USA.

The use of isotopes in studies to improve yield and N2 1986 -1993
fixation of grain legumes with the aim of increasing food
production and saving N-fertilizer in the tropics and
sub-tropics of Asia

9 contracts 2 agreements
Australia, Baugladcsli, Cliina-d), Republic of Korea, Malaysia,
Pakistan, Philippines, Sri Lanka, Syrian Arab Republic, Tliailaud.

The use of nuclear and related techniques in management 1990 - 1995
of nitrogen fixation by trees for enhancing soil
fertility and soil conservation in fragile tropical soil

11 contracts 4 agreements
Canada, Cliile, China, Ghana, Malaysia, Nigeria, Pakistan,
Philippines, Senegnl-12), Sri Lanka, Thailand, Uganda, USA, Zaire.

Use of molecular biology in microbial ecology 1990 -1993

1 contract 7 agreements
Germany, Mexico, Netherlands, Romania, Switzerland, UK-(3).

Increasing and stabilizing plant productivity in low 1989 -1994
phosphate and semi-arid and sub-humid soils in the tropics
and sub-tropics

9 contracts 6 agreements
France, Germany, Ghana, Kenya, Morocco, New Zealand,
Nigeria-(2), Senegal, Sierra Leone, Sudan, Sweden-(l), Tunisia,
United Republic of Tanzania.



Use of induced mutation and in-vitro culture techniques 1987 -1992
for improving crop plant resistance to diseases

5 contracts 5 agreements
Australia, China, France, Ghana, Hungary, Japan, Philippines,
Thailand, UK, USA.

Improvement of basic food crops in Africa through plant 1989 -1994
breeding, including the use of induced mutations

15 contracts 3 agreements
Cameroon, Ethiopia, Ghana-(3), Italy-(3), Cote d'Ivoire-(2), Kenya,
Liberia, Mali-(2), Nigeria, United Republic of Tanzania-(2), Uganda.

Mutation breeding of oil seed crops 1988 -1993

16 contracts 1 agreement
Bangladesh, China-(3), Egypt, Germany, l;niia-(2), Israel, Republic of
Korea, Pakistan-(2), Philippines, Poland, Romania, Sri Lanka,
Thailand.

Improvement of root and tuber crops, bananas and 1988 -1993
plantains in tropical countries of Asia by induced mutations

5 contracts 3 agreements
Chinn-(3), Japan-(2), Philippines-(2), Viet Nam.

In-vitro mutation breeding of bananas and plantains 1988-1993

5 contracts 3 agreements
Australia, Brazil, Colombia, Costa Rica, China, Pakistan, Thailand,
USA.

Use of induced mutations in connection with haploids and 1986 -1991
heterosis in cereals

6 contracts 11 agreements
Bangladesh, Canada-<2), China-(2), Hungary, Italy, japan,
Philippines, PolamU2), Sweden, UK, USA-U).

Improvement of rice and other cereals through mutation 1986 -1992
breeding in Latin America

14 contracts 1 agreement
Bolivia, Brazil-il), Chile-(2), Colombia-(2), Costa Rica, Cuba,

Ecuador, Guatemala-(2), Peru, Uruguay, USA-

Improving the productivity of indigenous African 1987 -1992

livestock using radioimmunoassay and related techniques
18 contracts 2 agreements
Burkina Faso, Egypt, Ethiopia, France, Ghana, Malawi, Morocco,
Netherlands-(3), Niger, Nigeria, Cote d'lvoire, Senegal, Somalia,
United Republic of Tanzania, Tunisia, Uganda, Zambia, Zimbabwe.



Development of feeding strategies for improving 1987 - 1992
ruminant productivity in areas of fluctuating nutrient
supply through the use of nuclear and related techniques

14 contracts 5 agreements
Australia, Bangladesh, Brazil, Cyprus, Iceland, Republic of Korea,
Malaysia, Mexico, Morocco, Nigeria, New Zealand, Portugal,
Sri Lanka, Thailand, Tunisia, Turkey, UK-(2), Venezuela.

Strengthening animal reproduction research in Asia 1988 -1993
through the application of immunoassay techniques

9 contracts 3 agreements
Australia-(2), Bangladesh, China, Indonesia, Republic of Korea,
Malaysia, Philippines, Sri Lanka, Thailand-(2), Viet Nam.

Improving the diagnosis and control of trypanosomiasis 1988 -1993
and other vector-borne diseases of African livestock
using immunoassay methods

11 contracts 2 agreements
Gambia, Ghana, Kenya-Q), Mali, Morocco, Senegal, Sudan, United
Republic of Tanzania, Uganda, UK, Zambia, Zimbabuv.

Development of feed supplementation strategies for 1989 -1994
improving ruminant productivity on small-holder farms
in Latin America through the use of immunoassay techniques

19 contracts 5 agreements
Argentina, Bolivia, Brazil-(2), Canada-(2), Chile-(2), Colombia-<2),
Cuba-(2), Ecuador, El Salvador, Israel, Mexico-(2), Panama, Peru-(2),
UK, Urununy, Venezuela-(2).

Inter-regional research network for improving the 1990 -1995
productivity of camelids

12 contracts 6 agreements
Argentina, Chile, China, Ecuador, Egi/pr, France, Germany, Italy,
Morocco, Peru-(3), Saudi Arabia, Somalia, Sweden, Tunisia, United
Arab Emirates, UK.

Strengthening animal disease diagnosis in Asia through 1988 -1993
the application of immunoassay techniques

9 contracts 3 agreements
Australia-(3), China, Indonesia-(2), Malaysia, Philippines-<2), Sri
Lanka, Thailand, Viet Nam.

Immunoassay methods for the diagnosis and epidemiology 1991 -1996
of animal diseases in Latin America

18 contracts
Argcntina-<3), Brazil-<3), Chile-(2), Cuba-(2), Mexico-<2), Paraguay,
Peru, Uruguay-(2), VenezueIa-(2).



Sero-siirveillance of rinderpest in Africa, using 1991 -1996
immunoassny techniques — Phase II

16 contracts 2 agreements
Burkina Faso, Cameroon, Chad, Ethiopia, France, Gambia, Ghana,
Coted'lvoire, Kenya, Mali, Mauritius, Nigeria-(3), Senegal, Sudan,
United Republic of Tanzania, Uganda.

Standardization of medfly trapping for use in the sterile 1986-1991
insect technique programme

8 contracts 1 agreement
Egypt, Greecc-(2), Guatemala, Libyan Arab jamahirii/a, Mexico,
Morocco, Spain, Turkey.

Radiation-induced Fl sterility in lepidoptera for 1986 -1993
area-wide control

8 contracts 3 agreements
Brazil, China-(l), Egi/pt, Indonesia, Malm/sin, Pakistan, Romania,
USA-12), USSR.

Genetic engineering technology for the improvement of 1988 -1993
the sterile insect technique

7 agreements
Australia, Greece, Italy, japan, UK-(2), LISA.

Laboratory and field evaluation of genetically altered 1988 -1993
medflies for use in sterile insect technique programmes

10 contracts 3 agreements
Argentina, Brazil, Greece-(3), lsrnel-<2>, Italy, Keui/a, Spain, UK,
USA-<2).

Development of practices for area-wide tsetse 1988 - 1993
eradication or control with emphasis on the sterile
insect technique

9 contracts 5 agreements
Belgium, Canada, Czechoslovakia, Ethiopia, Ghana, Italy, Kenya-(2),
Nigeria, Uganda, UK-(2), USA, Zimbabwe.

Biological activity and bioavailability of bound 1986 - 1991
pestiu' 'e residues using nuclear techniques

8 contracts 3 agreements
Canada, Egypt, Germany, Ghana, Malaysia, Pakistan, Philippines,
Thailand, Turkey, UK, Yugoslavia.

Radiotracer studies to reduce or eliminate pesticide 1988 - 1993
residues during food processing

11 contracts 2 agreements
China, Ecuador-(2), F.gypt, Germany, Ghana, India, Indonesia,
Pakistan, Philippines, Thailand, Turkey, UK.



Development of controlled-release formulations of 1988 -1993
pesticides utilizing nuclear techniques

14 contracts 3 agreements
Clii}in-(2), Ghana, Hungary, India, Indonesia, Kcm/a-(2), Malaysia,
Pakistan, Philippines, United Republic of Tanzania, L1K-O), USA-(2).

Radiotracer studies of behaviour of DDT in tropical 1988 -1993
environments

12 contracts 2 agreements
Brazil, China, Ecuador, Egypt, Germany, India, Indonesia-(l), Kenya,
Nigeria, Pakistan, Philippines, United Republic of Tanzania, USA.

Use of isotopes in studies of pesticide in rice/fish 1988 -1991
ecosystems - Phase IJ

8 contracts
China-(2), India, Republic of Korea, Malaysia, Philippines-<2),
Thailand.

Adverse effects on flora and fauna from the use of 1991 -1996
organchlorine pesticides on the African continent

5 contracts 1 agreement
Algerin-(2), Egypt, Nigeria-(2), Sweden.

Development of procedures to stabilize acaricides in 1990 - 1995
livestock dips and of simplified methods to measure their
concentrations, using nuclear techniques

6 contracts
Brazil, Ecuador, Pakistan, Panama, Philippines, Zambia.

Use of irradiation to control infectivity of food-borne 1987 -1992
parasites

10 contracts 3 agreements
Argentina, Belgium, China, japan, Kuwait, Mexico, Poland, Republic
of Korea, Thai\and-(2), Turkey, USA, Yugoslavia.

Application of the irradiation technique for food processing 1988 -1993
in Africa

7 contracts 3 agreements
Algeria, Egypt, France, Ghana, Cote d'lvoin; Libyan Arab
jamnhiriya, Nigeria-<2), Zaire, Zambia.

Food irradiation for Middle East and Europe (FIPMEE) 1988 -1992

12 agreements
Bulgaria, Germain/, Hungan/-(2), Iraq, Netherlands, Poland, Syria,
Turkey, UK, Yugoslavia-(2).



Asian regional co-operative project on lood irradiation
with emphasis on process control and acceptance - RCA

11 contracts 6 agreements
Australia, Bangladesh, Cliinu-(2), lmiin-(2), Indonesia, japan,
Republic of Korea, Malaysia, Pakistan, Philippines-<2), Sri Lanka,
Thaihvni-(2), Viet Nam.

Irradiation in combination with other processes tor
improving food quality

8 contracts 9 agreements
Argentina, Bangladesh, dwada-(2), Chile, l:rauce-(2), I Iwigan/,
India, Israel, Poland, South Africa, LIK-(2), USA, Viet Ni/m,
Yugoslavia.

Analytical detection methods for irradiation treatment of
food (ADMIT)

23 agreements
Austnilia-<2), Bulgaria, Canada, Cliimi, Finland, l'nnnr-<2).
Germany-ID, Hungary. Iraq, jai>an-(2). Ncic '/.calami, Poland,
Switzerland, UK, USA-(2), Yugoslavia-<2).

Life sciences
Research and development in the methods for basic care,
preventive maintenance and operative control of nuclear
medicine equipment - RCA

9 contracts 1 agreement
Bangladesh, China, India, Indonesia, Republic of Korea, Malaysia,
Pakistan, Philippines, Sri Lanka, Thailand.

Quality control of advanced mtchuir medicine equipment
in Asia - RCA

8 contracts 1 agreement
Australia, Bangladesh, China, India, Republic of Korea. Malaysia,
Pakistan, Philippines, Thailand.

Quality control and preventive maintenance of nuclear
medicine equipment in Latin America - A RCA I.

13 contracts 1 agreement
Argcutina-<2), Bolivia, Brazil, Chilr-12), Colombia, Cubn,
El Salvador, Guatemala, Mexico, Panama, Peru, llniqiun/.

Quality control and preventive maintenance of nuclear
and related medical equipment in Africa

9 contracts
T.gi/pt, rjliiopia, Cluiiin, Mali, Nigeria, Sinlan, United Republic of
Tanzania, Tunisia, '/.ainbia.
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Promotion of optimum use of bulk reagents for RIA of KB,7 -1991
thyroid-related hormones - ARCAL

13 contracts 1 agreement
Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Culm,
Ecuador, Guatemala, Mexico, Paraguay, Peru, Uruguay, Venezuela.

Optimization of nuclear techniques for the survey of 1988 - 1991
thyroid function of newborns in endemic goitre areas

10 contracts 1 agreement
Ba)igladesh, Brazil, Chile, Czechoslovakia, Malaysia-(2), Peru,
Poland, Sri Lanka, Thailand, Yugoslavia.

Determination of the precision and sensitivity of AFP 1991 -1994
measurements by RIA as an indicator of malignancy in space
occupying lesions of the liver

10 contracts
Argentina, Chile, Egypt, Ghana, Greece, Guatemala, India, Indonesia,
Poland, Thailand.

Evaluation of the imaging procedures for the diagnosis of 1989 -1992
the liver diseases - PHASE II

11 contracts 2 agreements
Austria, Bangladesh, China, India, Indonesia, lapan-(3), Republic of
Korea, Pakistan, Philippines, Singapore, Thailand.

Immunoscintigraphy using Tc labelled anti CEA monoclonal 1991 -1994
antibodies for the detection of colonic cancer

8 contacts 2 agreements
Cuba, Egifpt, Israel, Pakistan, Portugal, Singapore, Thailand.
Uruguay, USA, Yugoslavia.

Immunodiagnosis of tuberculosis - RCA 1988 -1991

4 contracts 5 agreements
Argent inn, lndia-(4). Republic of Korea, Thailand, USA-(2).

Immunodiagnostic techniques for the quantitative 1987 -1991
determination of circulatory and urinary parasite-
derived antigen in human
schistosomiasis

5 contracts 4 agreements
Brazil, People's Republic of China, France, Germany, Ght,,n,, Kenya,
Netherlands, Philippines, USA.

Development and field applications of nuclear techniques 1988 -1991
for malaria research and control

11 contracts
Cameroon, ltah/-(2), Madagascar, Mali, Sudan, United Republic of
Tanzania-(2), USA, Zaire, Zimbabwe.



Development of diagnostic reagents for communicable
diseases using radiation processing techniques

2 contracts 4 agreements
India, lapan, Netherlands, UK, USA-<2).

Immunoradiomctric assays for malaria detection

6 contracts 1 agreement
Colombia, Italy, Mi/anmar, Nigeria, Philippine*. Sri Lanka, Thailand.

Testing of the code of practice for absorbed dose
determination in photon and electron beams

4 contracts 5 agreements
Austria-(2), Bulgaria, Germany, India, Italy, Philippines, Romania,
Sireden.

Development of quality control dosimetry techniques for
particle beam radiation processing

2 contracts 7 agreements
Belgium, Canada, Denmark, F nice, Hungary, lapau, UK, USA,
USSR.

Performance testing of dosimetry equipment

1 contract 7 agreements
Belgium, Franee-(3), Netherlands, Suvdeu, UK, USA.

Therapy level dosimetry with alanine/ESR system

5 agreements
Gmimm/-<2), Italy, UK, USA.

Microbiological quality control and sterility safety
evaluation in radiation sterilization of local medical
supplies in Latin America

7 contracts
Argentina, Chile, Colombia, Cuba-(2), Ecuador, Pern.

Introduction of computerized dosimetry and database in
radiotherapy of carcinoma of the cervix in Asian
countries - RCA

8 contracts 1 agreement
India, Indonesia, japan, Republic of Korea, Malaysia, Pakistan-(2),
Philippines, Sri Lanka.

Computer-assisted radiotherapy planning for tumours of
the head and neck (global)

6 contracts 3 agreements
Austria, Bulgaria, Cameroon, Cuba, Nigeria, Pakistan, Turkey,
UK-12).
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Exploration of the molecular mechanisms (S) of the 1991 - 1994
stimulatory effect (i.e. adaptive response) of low-dose
and lovv-dose-rate radiation

4 agreements
Gmiitim/, Switzerland, LISA-I2).

Use of nuclear and nuclear-related techniques in the 1987 - 199L
study of environmental pollution associated with
solid wastes

17 contracts 4 agreements
Belgium, Bangladesh, Brazil, Canada, Cliina-(2), Czechoslovakia.
Gliium, Greece, Hungary, India, Indonesia, Pakistan, Poland.
Thailand, Turkey, USSR, Viet Nam, Yugoslavia-ID, Zaire.

Assessment of environmental exposure to mercury in 1990 - 1995
selected human populations as studied by nuclear and
other techniques

7 contracts 2 agreements
Brazil, Chile, China, Czechoslovakia, Hungary, India, Italy, Malaysia,
Yugoslavia.

Human daily dietary intakes of nutritionally important 1984 - 1991
trace elements as measured by nuclear and other techniques

7 contracts 5 agreements
Australia, Canada-(2), China, Finland, Islamic Republic of Iran, Italy,
Sudan, S'weden, Thailand, USA, Yugoslavia.

Applications of stable tracers in human nutrition research 1988 - 1992

13 contracts 2 agreements
Australia, China. Gennain/. Ghana, Guatemala, India, Italy,
Malaysia, Mexico, Nigeria, Papua New Guinea, Romania, Senegal,
UK, Uruguay.

Isotope-aided studies of the bioavailability of iron and 1990 -1995
zinc from human diets

7 contracts
Chile, India, Pakistan, Peru, Poland, Sri Lanka, Venezuela.

Physical and chemical sciences
Application of personal computers to enhance operation 1990 - ] 993
and management of research reactors - RCA

8 contracts 1 agreement
Bangladesh, Germany, India Indonesia, Republic of Korea, Malaysia,
Pakistan, Philippines, Viet Nam.

*" s/-"^



Development of advanced diagnostics for edge plasma 1987-1991
studies

1 contract 5 agreements
Austria, China, India, Israel, LISA, Veiwzuchi.

Nuclear techniques in exploration and exploitation of 1985 -1991
natural resources: Nuclear bore-hole logging techniques
for the determination of rock characteristics

6 contracts 4 agreements
Australia, Canada, China, Egypt, Hungary, Poland-(2), USA, USSR,
Viet Nam.

Nuclear techniques in exploration and exploitation of 1989 -1992
coal: On-line and bulk analysis and evaluation of
potential environmental pollutants in coal and coke

5 contracts 3 agreements
Australia, China, Gcrmany-(l), Indonesia, Poland-12), Turkey.

Radiation processing technology for applications in 1988 -1993
bioengineering

3 contracts 6 agreements
China, Germany, Italy, japan-<2), Poland, UK, USA, Yugoslavia.

Radiation processing of combustion flue gases 1988-1992

2 contracts 6 agreements
BSSR, China, Denmark, Israel, Italy, japan, Poland, USSR.

Labelling, quality control and clinical evaluation of 1990- 1993
monoclonal antibodies for scintigraphy

5 contracts 8 agreements
Argentina, Brazil, China, Cuba, Czechosloi'akia, Germany, Greece,
Hungary, India, Malaysia, Thailand, UK, USA.

Evaluation of use of bulk reagents for production of Tc 1991 -1994
radiopharmaceuticalsand kits

5 contracts 6 agreements
Argentina, Chile, Greece, India, Indonesia, japan, Malaysia, Portugal,
Uruguay, USA, USSR.

Antibodies immobilized on magnetic particles for 1991 -1994
radioimmunoassay and immunoradiometric assay of hormones

6 contracts 3 agreements
Brazil, China-(2), Chile, Hungary, India, Indonesia, Thailand, UK.



Production of 99mTC generators based on low temperature
sublimation and gel elution

4 contracts 2 agreements
Argentina, Hungary, India, Indonesia, Pent, Viet Nam.

Nuclear techniques in study of pollutant transport in
the environment: Interaction of solutes with geologic
media (methodological aspects)

3 contracts 10 agreements
Australia, Brazil, Czechoslovakia, Denmark, Finland, France,
Germany, Italy, Mexico, USA, USSR-<2), Yugoslavia.

Nuclear analytical techniques for elemental analysis
of agroindustrial products and food - ARCAL

11 contracts 2 agreements
Argentina, Bolivia, Brazil-(2), Chile, Colombia, Guatemala, Mexico,
Paraguay, Peru, Uruguay, USA, Venezuela.

Radiotracers in the development of new separation
techniques for trace element analysis by nuclear methods,
with special emphasis on environmental research

7 contracts 7 agreements
Australia-(2), Brazil, Egypt, India, Iraq, Italy, japan, Pakistan,
PolamUD, USA, USSR-Q).

Isotopes and geochemistry in geothermal exploration in
Africa, Asia and the Pacific and the Middle East

6 contracts 3 agreements
China, Iceland, India, Indonesia, Republic of Korea, NCIP Zealand,
Pakistan, Philippines, Viet Nam.

Mathematical models of quantitative evaluation of
isotope data in hydrology

2 contracts 7 agreemtnts
Germany-Q), Israel, Mexico, Poland, Suvden-(2), USA, USSR.

Measurement and analysis of 14 MeV neutron-induced
double-differential neutron emission cross-sections
needed for fission and fusion reactor technology

3 contracts 4 agreements
Austria, China, Germany, lslan.,c Republic of Iran, japan, USSR,
Thailand.

Measurements and calculations of activation cross section
for long-lived radionuclides important for radioactive
waste estimates in fusion reactor technology

9 agreements
Austria, China, Germany, Hungary, Italy, UK-(2), USA, USSR.
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Atomic and molecular data for radiotherapy 1988 -1991

3 contracts 11 agreements
Austria-(2), Canada, Czechoslovakia, France, Germain/, Greece,
Japan, UK, USA-(3), USSR, Yugoslavia.

Atomic and molecular data for fusion edge plasmas 1988 -1991

1 contract 11 agreements
Austria, Belgium, France, Germain/-(2), Japan. USA-(3), USSR,
Yugoslavia-(2).

Plasma-interaction induced erosion of fusion reactor 1990 -1993
materials

2 contracts 8 agreements
Canada, China, France, Gennani/-(2), japan, USA-(2), USSR,
Yugoslavia.

Atomic data for medium- and high-Z impurities in fusion 1991 -1994
plasmas

1 contract 7 agreements
Belgium, France, Gennain/-<2), Netherlands, Romania, USA, USSR.

Seibersdorf laboratory
Rapid instrumental and separation methods for monitoring 1988 - 1993
radionuclidts in food and environmental samples

6 contracts 8 agreements
Austria, Brazil, Bulgaria, Canada, China, Germain/, Hungary, India,
Norway, Poland, Sweden, UK USA, Yugoslavia.

Monaco laboratory
Sources of radioactivity in the marine environment and 1988 -1993
their relative contributions to overall dose assessment
from marine radioactivity

6 contracts 11 agreements
Australia, Brazil, Canada, China, Denmark, France, Germany, India,
Italy, Philippines, Poland, Portugal, Romania, Sweden, Thailand,
UK, USA.

Nuclear power
Optimizing of reactor pressure vessel surveillance 1984 -1991
programmes and their analysis - Phase 111

2 contracts 16 agreements
Argentina, Austria, Belgium, Czechoslovakia-(2), Finland, France,
Germany-(2), Hungan/-(2), India, japan, Spain, Switzerland, UK,
USA, USSR.



Acoustic signal processing for the detection of boiling 1989 -1992
or sodium water reaction in LMFBRs

1 contract 6 agreements
Australia, Germany, India, Japan, USSR, UK-(2).

Validation of safety related reactor physics 1990 - 1995
calculations for low enriched HTGRS

1 contract 5 agreements
China, Germany, Japan, Switzerland, USA, USSR.

In-core fuel management code package validation for 1988 - 1991
light-water reactor (LWR)

10 contracts 2 agreements
Bulgaria, China, Cuba, Czechoslsovakia, Hungary, India-(3), Mexico,
Poland, Spain, Yugoslavia.

Safe core management with burnable poisons in water- 19o8 -1991
cooled and -moderated reactors (WWERs)

6 contracts 4 agreements
Bulgaria, Cuba, Czechoslovakia-^), Germany, Hungary, India,
Poland, USSR, Yugoslavia.

Thermophysical properties database for light and 1990 - 1992
heavy water

5 contracts 1 agreement
China, Czechoslovakia, Germany, India, USSR, Yugoslavia.

Benchmark for in-core fuel management programmes of PHWRS 1989 -1992

3 contracts 3 agreements
Argentina, Canada, India, Republic of Korea, Pakistan, Romania.

Lifetime prediction for first wall of fusion machines 1989 -1992

5 agreements
Germany-(2), Italy, Japan, USSR.

Nuclear safety
Dose per unit intake factors for the public 1988 -1993

2 contracts 6 agreements
China, Czechoslovakia, France, Hungary, Japan, Spain, UK, USSR.



Radon in the human environment: Instrumentation, 1990 - 1994
modelling, dosimetry and surveys

12 contracts 26 agreements
Algeria, Argentina, Australia, Austria, Belgium, Brazil, Bulgaria,
Canada, Chile, China, Costa Rica, Ecuador, Egypt, France, Germain/,
Ghana, Greece, Hungary, Islamic Republic of Iran, Israel, japan,
Republic of Korea, Kuwait, Mexico, Poland, Portugal, Singapore,
Spain, Sudan, Sweden, Sivitzerland, Syria, Thailand, Tunisia,
Turkey, USA, Viet Nam, Yugoslai'ia.

Atmospheric transport model evaluation study (ATMES) 1989 -1991

1 contract 3 agreements
Israel, Italy, japan, South Africa.

Radon in the human environment: risk assessment 1990 -1994

5 contracts 5 agreements
Belgium, China, Czechoslovakia, France, Germany-(3), Luxembourg,
Turkey, USA.

The radiological impact of hot beta particles from the 1991 -1994
Chernobyl fallout: Risk assessment

7 agreements
Austria, BSSR, Finland, France, Poland, USSIU2).

Development of probabilistic safety assessmeiu techniques 1989 -1992
related to the safe transport of radioactive material

2 contracts 10 agreements
Canada, China, Egypt, Finland, France, Gennauy-<2), India, japan,
Sweden, UK, USA.

Intercomparison programme for individual monitoring 1988 -1993

2 contracts 21 agreements
Austria, Brazil, Canada, China, Czechoslovakia, Cuba, Denmark,
Finland, France, Ger)nany-(2), India, Islamic Republic of Iran, Italy,
japan, Netherlands, Poland, Switzerlnnd-(2), UK, USA, USSR,
Yugoslavia.

The use of natural materials for dose assessments 1990 -1993

1 contract 7 agreements
Finland, Germany, japan, UK-(2), Ukrainian SSR, USA, USSR.

Radiation doses in diagnostic radiology and methods for 1990 -1992
reduction

9 contracts 7 agreements
Argentina, Brazil, Czechoslovakia, Ethiopia, France, Germany,
Ghana, Islamic Republic of Iran, Italy, Mexico, Philippines, Romania,
Spain, Suvden, UK, Zambia.



Compilation of anatomical, physiological and metabolic
characteristics for a reference Asian man - RCA

9 contracts 1 agreement
Bangladesh, China, India, Indonesia, lapan, Malaysia, Pakistan,
Philippines, Thailand, Viet Nam.

Data collection and analysis for probabilistic safety
assessments.

4 contracts 7 agreements
Canada, China, Germain/, Greece, Hungary, Italy, Republic of Korea,
Romania, Sweden, UK, USA.

Development of safety related expert system

8 contracts 4 agreements
Argentina, China, Czechoslovakia, Germany, Hungary, Republic of
Korea, Poland, Romania, UK, USA, USSR', Yugoslavia.

Seismic data for the siting and site re-validation of
nuclear facilities

5 contracts 2 agreements
France, Iraq, Italy, Portugal, Syrian Arab Republic, Tunisia, Turkey.

Data acquisition for research reactor PSA studies

5 contracts 5 agreements
Australia, Austria, Canada, China, Czechosloi'akia, Indonesia,
Switzerland, USSR, Viet Nam, Yugoslavia.

Severe accident mai igement

5 contracts 4 agreements
Bulgaria, China, Czechoslovakia, France, Germany-^ *, Hungary,
Republic of Korea, USA.

Containment, integrity and effectiveness for accident
conditions beyond design basis

6 contracts 1 agreement
Bulgaria, China, Czechoslovakia, Egypt, Germany, Hungary,
Republic of Korea.

1989-1994

198/-1991

1990- 1993

1989-1992

1989- 1991

1988-1991

1989- 1992

Nuclear fuel cycle and waste management
Investigations on water chemistry control and coolant
interaction with fuel and primary circuit materials in
water cooled power reactors

3 contracts 18 agreements
Argentina, Bulgaria, Canada, China, Czechoslovakin-(2), Finland,
France, Gcrmain/-(3), Hungan/-(2), India, Republic of Korea, Poland,
Switzerland, UK-(2), USSR-(2).

1987-1991



Grain size determination of zirconium alloys 1990 - 1991

4 contracts 1 agreement
China, Czechoslovakia, Germany, Indonesia, Mexico.

Technology and performance of integrated burnable neutron 1990 -1995
absorbers for water reactor fuel (BAF)

1 contract 8 agreements
Belgium-(2), Czechoslovakia, France, Japan, Republic of Korea,
Turkey, UK, USSR.

BEFAST-II / Behaviour of spent fuel and storage facility 1986 -1991
components during long term storage

2 contracts 15 agreements
Argentina, Canada-(2), Finland, Germany-(2), Hungary-(2), Italy,
Japan-(2), Republic of Korea, UK-Q), USA, USSR-Q).

Use of inorganic sorbents for liquid waste treatment and 1987 - 1991
backfill for underground repositories

5 contracts 7 agreements
Belgium, Bulgaria, China, Cuba, Czechoslovakia, Finland, France,
Poland, UK, USA, USSR, Yugoslavia.

Performance of high-level waste forms and packages under 1991 -1996
repository conditions

2 contracts 4 agreements
Argentina, Australia, Canada, China-(2), USSR.

Geochemistry of long-lived transuranic actinides and 1987 -1992
fission products

2 contracts 7 agreements
Australia, Canada, China, Germany, Japan, Poland, Sweden, UK,
USA.

Validation of models for the transfer of radionuclides in 1988 -1993
terrestrial, urban and aquatic environments

19 agreements
Belgium, Canada, China, Czechoslovakia, Denmark, Finland,
Germany-(2), France, Hungary, Italy, Netherlands, Poland, Romania,
UK, USA, USSR-O).

The safety assessment of near-surface radioactive waste 1991 -1995
disposal facilities

16 agreements
Argentina, Australia, Austria, Belgiwn, Brazil, Canada, China,
Czechoslovakia, France, Hungary, India, Japan, Spain, Turkey, UK,
USSR.



Decontamination and decommissioning of nuclear 1989 -1992
facilities - Phase II

3 contracts 11 agreements
Canada, China, Czechoslovakia, Finland, France, Hungary, India,
Italy, japan, Republic of Korea, Sweden, UK, USA, USSR.

Department of safeguards
Verification of spent fuel without movement 1988 -1991

5 contracts
Argentina, Austria, Hungary, Pakistan, Yugoslavia.

Co-ordinated research programmes approved, but not yet initiated

Food and agriculture

Control of tropical plant viruses in Asia and the Pacific Region with
the hel; of nuclear techniques (RCA)

Induced mutations for sesame improvement

Tissue culture applications through mutation breeding to increase
resistance in rice against adverse soil factors

Establishment of a unified approach to the diagnosis of animal
diseases in Mediterranean, Middle East and North African countries
through the use of nuclear and related immunoassay techniques

Studies of volatilization of agrochemicals as a potential source of
atmospheric pollution by the use of nuclear techniques

Studies of the ecological effects and biological availability of organic
pollutants in soils by the use of nuclear techniques

Formulation of insect attractants for increased efficacy in traps and
control systems, utilizing nuclear techniques

Life Sciences

Qalitative nuclear cardiology

Development of indigenous capability of conduct screening
programmes for viral hepatitis in developing qualitative

Diagnosis of tuberculosis using nucleic acid probes

Physical and chemical sciences

Nuclear methods in monitoring of wear and corrosion in industry

Nuclear analytical techniques in atmospheric and surface water
pollution studies



Isotope variations of carbon dioxide and other trace gases in the
atmosphere

Improvement of measurements, theoretical computations and
evaluations of neutron induced helium production cross-sections

Compilation and evaluation of fission yield nuclear data cross-sections

Nuclear power
Intercomparison of liquid metal fast breeder reactor (LMFBR) seismic
analysis codes

Nuclear safety
The radiological impact of the Chernobyl accident on countries
neighbouring the USSR

Nuclear fuel cycle and waste management
Mechanistic understanding of destructive effects under irradiation in
nuclear fuel cycle facilities

Performance of engineering barrier materials in near surface waste
disposal

Treatment technologies for low and intermediate level wastes
generated from nuclear applications

Decontamination, environmental restoration and management of the
resulting waste
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