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1. INTRODUCTIOH *

The IAEA (International Atomic Energy Agency) isotopa and

radiation programme is characterized hy the very large number

of topics dealt with and the broad range of activities where

nuclear methods and techniques are utilized. The* programme

contains parts which are of interest to nearly all developed

and developing Member States of the Agency and aims, in

general, at providing the necessary support required by

various countries to find adequate solutions to problems of

national interest.

Nuclear applications have become widespread all over the

world and their use has penetrated a large number of fields.

Moreover, in recent years substantial integration of nuclear

techniques with non-nuclear methods has taken place. As a

result the IAEA programme of isotope and radiation

applications is extremely diversified and must now take into

account for an effective programme delivery also non-nuclear

aspects. Objectives of the programme are to encourage and

assist research and development and practical applications of

radiation and isotopes, to assist in the transfer of

nuclear-based techniques to developing countries, to provide

laboratory support services, to foster exchange of scientific

and technical information and to encourage the exchange and

training of scientists and experts.
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2. MAIH PROGRAMME ACTIVITES

In the following description of the programme activities""

only the main features of the IAEA programme in Isotope and

Radiation are reported. Therefore the presentation does not

aim at covering the activities in B comprehensive way. Its

purpose is only to provide the reader with an overview of the

major programmatic areas in which the IAEA is involved as far

as isotope and radiation applications are concerned. A more

exhaustive description can be obtained from the general

references, listed at the, end of this paper, which have been

used to prepare the information reported below. Detailed

information can also be found in the several ether

publications prepared by the Agency in the field of isotope

and radiation applications.

The main activities of the programme can be conveniently

grouped into: (2.1) FOOD AMD AGRICULTURE. (2.2) HUMAN HEALTH

AHD LIFE-SCIEHCES. (2.3) IMPUSTRY AMP PHYSICAL SCIENCES.

(2.A) LABORATORY SERVICES.

2.1. APPLICATIONS IH FOOD AND AGRICULTURE

The programme in food and agriculture is carried out

jointly with FAO (Food and Agriculture Organization) through

the Joint FAO-IAEA Division of Isotope and Radiation

Applications of Atomic Energy for Food and Agriculture

Development. The objective of this joint
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programme is to utilize the potential of isotopes and

radiation technology for increasing agricultural production,

reducing the production cost, improving food availability and

quality, protecting agriculture products from spoilage and

minimizing pollution of food and the environment.

Radioisotope and radiation based techniques are applied to

such areas as plant breeding, insect and pest control, soil

fertility studies, animal health and production, studies on

the fate of pesticide residues and radionuclides in the food

chain, and food preservation.

2.1.1. Soil Fertility. Irrigation and Crop Production

The general aim of this programme is to assist

agricultural research institutes in developing countries to

acquire the knowledge and capability for optimizing

fertilizer and water management practices and the biological

fixation of atmospheric nitrogen in field crops under

different farming systems with the help of radiation and

isotope techniques. Cheaper and alternative plant nutrient

resources, such as local deposits of rock phosphate or

atmospheric nitrogen, are being increasingly investigated

throughout the world and isotope and related biotechnological

techniques are effective tools in studies to optimize their

efficient use. In particular, isotope labelling is used to

directly monitor the amount of nutrient taken up by plants.

The programme has been focused during the most recent years on

optimizing biological nitrogen fixation in different
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cropping systems and on the efficient use of natural

biofertilizers, such as Azolla in symbiosis with blue-green

algae, as supplementary sources of nitrogen.

The provision of adequate water supply is another

important problem in crop production. Therefore proper

methods for assessing the need for water during the growing

season, conserving available water and selecting plant

varieties for drought* tolerance are necessary for optimal

water management. The use of portable radiation equipment

significantly contributes to the solution of problems by

making it possible to determine the moisture change in a

reliable and simple way. The information leads to improved

soil/water management and conservation practices under local

field conditions.

Another facet of this programme concerns the study of

agronomical practices which promote plant growth in saline

soils and increase crop yields by identifying saline-tolerant

cultivars on salt-affected soils. To find adequate solutions

to these problems is very important as there are many areas of

the world where the agriculturally productive lands have

virtually been exhausted and salt affected soils represent an

increasing portion of the marginal soil which have to be

exploited.
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2.1.2. Plant Breeding and Genetics

Improving the performance of crop plants is essential in

order to increase' food production. To give high yields, crop

varieties must respond to fertilizer applications and be

suitable for mechanization, water management and pesticide

application. The induction of mutations significantly

supplements other approaches and increases the likelihood of

successful plant breeding. Biotechnological in vitro

techniques, combined with irradiation, are means of increasing

the efficiency of plant breeding. The general aim of the

programme is to assist agriculture research establishments in

developing Member States to acquire the skills and the

capabilities to improve crops through mutation breeding. The

approach is particularly useful when an established crop

variety requires improvement in a specific characteristic such

as plant architecture, maturity time or disease resistant. By

using chemical mutagenic agents and/or ionizing radiations,

plant breeding institutes in developing countries are provided

with the technology needed to generate useful genetic

resources. In this way disease resistance in grain legumes,

cereals and root and tuber crops was increased. Nitrogen

fixation by grain legumes was also increased. Hew crop

cultivars developed through mutation induction were reported

in 1986 from China (71), United States (6), India (3),

Australia (2), Federal Republic of Germany (2), Kenya (2),

Soviet Union (1), Canada (1) and Japan (1).
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Research is also promoted on the genetic and

physiological evaluation of dwarf and semi-dwarf mutants of

cereals for use in cross breeding as most modern short-stature

cultivars are potentially vulnerable to pathogens and pests.

The programmes also addresses genetic improvement, through

induced mutations, of basic food crops in Africa, oil-seed and

leguminous crops in Latin America, leguminous food crops in

the Near East and root and tuber crops and grain legumes in

South East Asia.

2.1.3. Animal Health and Production

Livestock productivity in the developing world is very

low. This is largely due to the types of animals used, poor

nutrition and environmental stresses. These factors all

contribute to insufficient growth rates and low reproductive

efficiency. Nuclear and related techniques, used in

conjunction with feeding trials, provide information on the

quality of locally available feeds and the reproductive

behaviour of different animal genotypes in various

environments. Moreover, livestock diseases adversely affect

food production all over the world and disease control is

therefore a high priority requirements if animal production

has to be increased. In this respect radiation-attenuated

vaccines are important for the direct control of certain

diseases.
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Other biotechnological techniques based on isotopes and

enzymes such as radioinununoassay (RIA) and enzyme-linked

immunosorbent assay (ELISA) are used for the accurate

diagnosis of disease. Together these provide the basis for

implementing proper control procedures.

The search for new drugs is another important facet of

this programme. Presently the treatment of trypanosomiasis in

infected cattle in Africa is based on the use of a relatively

small number of synthetic drugs. Through isotope labelling, a

new effective tool for the search of efficient formulations of

better trypanocidal drugs is made available to animal

scientists.

2.1.4. Insect and Pest Control

Insect and other arthropod pests attack crops at -all

stages during production and cause annual crop losses of about

20% in the developing countries. In addition, they cause

direct losses to livestock of between 15% and 2OX. The

presence of insects often also prevents development of

livestocks in other potentially productive areas. Therefore,

insect control represents a high priority problem to be solved

for several developing countries. Traditionally the control

has largely depended on the use of insecticides. However,

because of the problems of insect resistance, safety, and

environmental pollution associated with insecticides, there is
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the need to develop alternative methods of controlling insect

pest. The sterile insect technique (SIT) provides an

alternative to insect control by insecticides. Development

over the last twenty years has made the SIT the major, and in

many cases the only method for ,tackling the total elimination

of an insect pest in large geographical areas because it is

species specific and environmentally acceptable. The SIT,

together with bait sprays and strict quarantine procedures,

has already effectively halted the movement of the

Mediterranean fruit fly in Mexico and a large-scale tsetse

eradication programme is also in progress in Nigeria. Here

the prior suppression of the natural tsetse population using

traps and screens, followed by weekly release of

radiation-sterilized males flies has already led to the

complete eradication of the tsetse fly from some riverine

forest patches. Within the frame of this programme the Agency

has acquired considerable expertise in mass rearing of

insects, their sterilization by radiation, methods for

handling and packaging insects for release in the field and

other biotechnological aspects of insect control and is

assisting developing Member States to increase their

competence in activities aimed at pest control and disease

prevention through nuclear techniques.

The programme also deals with other promising methods of

insect control, taking advantage of modern nuclear techniques

and biotechnology, including the possible use of recombinant

DNA.
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2.1.5. Aprochemicals and Residues

The programme aims at providing to developing Member

States expertise in isotope-aided pesticide chemistry,

analytical chemistry of pesticides, residue and metabolite

investigations, formulation chemistry and bioassay.

techniques.

^

The use of pesticides in developing Member States is

rapidly increasing in order to intensify agriculture

production. However, the injudicious use of pesticides can

result in pollution of the environment, contamination of food

sources and may have adverse effects also on the applicators.

It is then important to make efforts to overcome these

problems. Radioisotopes are an essential tool in studies of

the metabolism of pesticides and their environmental fate. In

fact, in view of the minute residue concentrations normally

encountered in the various agricultural products and the

environment, isotope-labelled substrates offer unique and

sometimes the only means of obtaining fast and reliable

results. Moreover, radioisotopes can be also .employed in

studies aimed at reducing the use of insecticides and at

producing formulations which minimize environmental

contamination. In this way controlled-release formulations of

pesticides can be efficiently worked out and studied in order

to determine release rates under different environmental

conditions. Radioisotopes also provide a tool for monitoring
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the behavior of sex attractants (pheromones) with the

objective to optimize their efficiency in insect pest

management campaigns. Within this programme the Agency

coordinates research activities in many countries on the use

of isotopic techniques to study the fate of persistent

pesticides in the tropics, on methods for evaluating

agricultural chemical residues in meat, milk and related

livestock products, on isotopic tracer-aided studies of

pesticide residues in stored products and on the evaluation of

new controlled-release formulations of pesticides.

Another target of the programme is the improvement of the

economic value of agricultural wastes, residues or

by-products through biological conversion processes.

Agricultural wastes, having a high lignocellulosic content,

may be converted into feed, fuel, food and fertilizer by

relatively simple chemical or biological processes and the

verification of such processes requires research where

radioisotopes are used as valuable investigation tools.

Radioisotopes also help the technologist to diagnose where

problems exist and what factors limit the process. In

addition, irradiation methods may also be used to improve

microbial performance by selected of mutants.



- 12 -

2.1.6. Food Preservation

Food losses occur during various stages of distribution

from the field to consumer and vary among different crops. It

is estimated that the losses range from 10% to 20% for durable

food (e.g. cereals and pulses), 20% to 4OX for semi-

perishables (e.g. tubers and bulbs, dried food) and up to 5Cl

for perishables (fresh fruit, vegetables, fish and meat). The

total estimated value of these crop losses per annum is

approximately US$ 13 billion. In addition, certain food

commodities are occasionally contaminated by chemical

fumigants, pathogenic microorganisms and parasites which could

result in food-borne infection and intoxication among

consumers. International trade in these commoditites is

therefore hampered by the frequent rejection by importing

countries of these commodities because of the risk of

contamination. Irradiation represents then an effective and

in some cases a unique tool for reducing post-harvest food

losses or for eliminating pathogenic organisms in food and is

increasingly recognized as a possible substitute for certain

fumigants for disinfesting food. However, there are a number

of obstacles to be overcome before food irradiation can be

widely applied. In many importing countries health

regulations do not permit the import and in some cases

internal trade of irradiated food. Moreover, there is a need

to establish the research and manpower capacity and other

infrastructures required to support the operation of
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irradiation facilities and to assess the viability of

introducing commercial food irradiation in the specific

conditions of individual countries. A crucial step forward in

the evaluation and recognition of the wholesomeness of

irradiated food was taken in 1980 when the Joint FAO/IAEA/WHO

Expert Committee on the Wholesomeness of Irradiated Food

(JEFCX) concluded that irradiation of any food, up to an

overall average dose of 10 KGy (1 Mrad), caused no

toxicologicai. hazard and hence toxicological testing of foods

so treated was no longer required. In 1983 the Codex

Alimentarius Commission adopted the Codex General Standard for

Irradiated Food, the provisions of which are based on the

conclusions and recommendations of JECFI.

The Agency, within the frame of this programme, in

cooperation with other organizations such as FAO, UHO etc. and

with the assistance of specialized consultative groups,

provides information leading to wider acceptance of food

irradiation and helps Member States to set-up national

regulations, advises on the overall infrastructure required,

and trains personnel. The training is mainly done utilizing

the International Facility for Food Irradiation Technology,

established in 1978 in the Netherlands, under an agreement

between FAO. IAEA and the Ministry of Agriculture and Fishery

of the Netherlands. IAEA also reviews the latest

technological development in the field and compares the

economic competitiveness of irradiation with other food
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preservation technologies. So far more than 25 Member States

have approved more than 40 irradiated items or groups of

related foods for human consumption, on either an

unconditional or restricted basis. Food irradiation is

already applied on a commercial scale in Belgium, Franco.,

Hungary, Japan, the Netherlands, Norway, South Africa, th.2 USA

and the USSR, and a number of developing countries, including

Bangladesh, Chile, the Republic of Korea, Mexico, Pakistan,

Thailand, are considering the possibility of commercializing

the process in the near future.

2.2. APPLICATIONS IH HUMAN HEALTH AND LIFE SCIENCES

General objectives of this group of activities are to

assist hospitals and research institutes in developing Member

States in the introduction and development of radionuclide

tracers in medical diagnosis and research, to promote use of

radiation therapy for cancer treatment, to promote radiation

sterilization practices suitable for medical supplies, to

promote radiation treatment of sewage sludge and to assist in

the introduction and use of various nuclear tools and

radiobiology techniques in microbial genetics and

biochemistry. In the field of radiation measurements a

programme for establishing Secondary Standard Dosimetry

Laboratories in developing countries is run jointly by IAEA

and WHO. The programme in human health also deals with the

application of nuclear analytical techniques in relation to
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public health and with the measuring of radionuclides in food

and the environment in relation to the radioactive fallout

which followed the Chernobyl accident.

2.2.1. Nuclear Medicine and Radiotherapy

Radionuclide-based laboratory analytical techniques,

especially radioimmunoassay and related procedures, are

currently of enormous importance in medical research and

diagnosis throughout the world. For developing countries they

are of particular importance because laboratories there

located often experience distinctive problems in the use of

these techniques. The disease spectnra, for example, is

different from that in developed countries and includes

parasitic and infectious diseases. Analytical techniques not

yet perfected in developed countries have to be therefore

devised or improved. Reagents pose another problem. In order

to reduce costs and unreliability of supply associated with

the importation of commercial kits, local production and

distribution of selected reagents has to be promoted.

Furthermore, although conditions of work pose greater threats

to the integrity of reagents and equipment than is common in

enveloped countries, yet awareness of, and access to,

effective quality control are often lacking. Quality control
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procedures of all types must thus be strengthened. Finally,

as specialist skills are less readily available than in

developed countries, training is of vital importance. Within

the frame, of this programme, and maintaining contacts with

WHO, the Agency assists medical laboratories in developing

countries to strengthen their radionuclide-based analytical

services in all the relevant aspects. Research is coordinated

on strategies for the efficient selection of radioimmunoassay

(RIA) tests to diagnose thyroid diseases and identifications

of parasitic infections. Research is also promoted for the

development of RIA techniques usable in the field and for the

detection of malaria infection.

A second facet of this programme deals with in vivo

nuclear medicine. The administration of radionuclides to

persons for purposes of diagnosis as well as of research and

therapy is a very common medical procedure in developed

countries and it is becoming progressively more common also in

developing countries as equipment, radionuclides and skills

become more available. However, these medical institutions

have difficulty in effectively integrating nuclear medicine

into their clinical services for a number of reasons. One

reason is that the disease spectrum is generally different

from that of developed countries (fewer malignant and

degenerative diseases and more parasitic and communicable
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diseases), and techniques not fully investigated in developed

countries require special attention before implementation.

Furthermore, the high cost of equipment and its vulnerability

to frequent and prolonged breakdown demand care in its

selection, siting and maintenance. Finally, in order to

ensure the most effective use of the resources available,

there is a need to improve quality control and to develop

specialized .skills, which are often lacking. The programme

aims at providing assistance to the medical institutions of

developing countries by strengthening their clinical nuclear

medical services through the development of indigenous

resources, including the acquisition and maintenance of

medical instrumentation and the establishment of proper

methods for quality control.

A third facet of this programme aims at assisting

hospitals and medical research institutes in developing

countries to make wider use of intracavitcry radiation therapy

for treating cancer of the cervix and to introduce combined

treatment by conventional radiotherapy and physical or

chemical means.
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2.2.2. Radiation Biology and Health Related Studies

The improvement of human health standards in most

developing Member States largely depends upon an early

upgrading of their existing inadequate health-care services.

Ready availability of sterile medical supplies to attend the

clinical -services of the patients can help prevent the risks

of high incidence of cross-infectious diseases. As there are

fewer health centres in the developing countries, which also

often lack sterilizing facilities and trained technical

support personnel, there is a greater demand for such

ready-to-use sterile medical items to sustain safe clinical

services. The microbicidal effects of penetrating ionizing

radiation from Co-gamma sources have served as the basis

for sterilization of pre-packed hermetically-sealed

ready-to-use local medical items including syringes, needles,

catheters, infusion tubes, bandages, gauze, lancet and even

some tissue grafts like bone, nerve, skin dressings used in

the corrective surgical practices. Due to having sealed

packaging, such sterile medical items can stand being

transported to the remote rural areas, where the surplus can

be stored until needed in the local clinical services. Within

the framework of the Agency programmes a number of developing

Member States have received manpower training in the radiation

sterilization process and techniques. Many countries have

even been provided with Co irradiator facilities of
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industrial and semi-industrial capacities which are routinely

utilized for the local production of sterile medical

supplies. To derive optimal health welfare benefits from the

applications of these radio-biological techniques and their

dissemination, the criteria guidelines have been formulated

through the Recommended Codes of Practice, including quality

and control steps to help meet the needs of local conditions

of the developing regions.

The improvement of human health standards in the

developing countries further depends upon the enrichment of

the nutritional quality of the often unbalanced staple diet

which may lead to health disorders from malnutrition.

Radiobiological techniques offer some potential to help

solving such problems. Radiation-induced mutations for

genetic improvement of involved micro-organisms in fermenting

starch-based diets, together with relevant nuclear analytical

techniques and tools to further modify the biochemistry of the

bioconversion process(es) involved, are among the promises for

an upgrading of nutritional status of indigenous dietary

products in most of the tropical developing countries.

Research support towards the development of an improved

fermentation protocol and the training of manpower in the

developing hember States is under way.
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The part of the programme dealing with nutritional and

health-related environmental studies has the objective to

contribute to improve human health through better nutrition

and protection from ill effects of environmental pollution

caused by toxic and radiotoxic elements. Nuclear analytical

techniques and isotope-aided tracer methods offer powerful

means of monitoring and assessing the nutritional status of

human populations and their exposure to toxic pollutants.

These techniques are not yet widely used for this purpose in

many of the Agency's developing Member States, despite the

existence of important problems to which they could usefully

be applied. Also, many lack the facilities, infrastructure

and expertise required for such work or are producing results

of unsatisfactory reliability because of the technical

difficulties involved and insufficient training. Emphasis is

placed in this area on the use of techniques such as

activation analysis. X-ray fluorescence (XRF), particle-

induced X-ray emission (FIXE) and isotope tracer techniques.

However, these are supplemented where appropriate, by

non-nuclear methods such -= atomic absorption spectrometry.

There is thus a need to further disseminate information on

these techniques, to provide technical and financial support

for their applications, and to provide analytical services.

Through its contacts with international, governmental,

academic and other institutions around the world, the Agency

assists specialized national research establishments to

achieve a high level of performance in applying nuclear
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methods. The Agency already has extensive contacts with

counterpart laboratories in many countries and expects to

continue its collaboration in this area with international

organizations such as WHO, WMO and UNEP. The main

applications of nuclear techniques which are presently

supported relate to nutritional deficiencies of trace elements

which lead to ill health and/or poor physical and mental

development, to studies of protein, fat and carbohydrate

metabolism using stable isotopes which, because they pose no

radiological threat, may be used even in children and pregnant

women, and to environmental and occupational exposure to toxic

heavy metals and other non-radioactive pollutants.

The programme in human health also deals with the

monitoring of radionuclides in food and the environment in

relation to the radioactive fallout which followed the

Chernobyl accident. Technical advice on the assessment of

radioactive contaminante in environmental samples and in

foodstuffs is provided to institutes in developing Member

States with the objective to help improving national

capabilities for the reliable assessment of accidentally

released radionuclides. To this aim technical documents

describing modern and well-validated methods for assessing the

levels of radionuclides in environmental and food samples are

prepared. The programmatic activities cover the

identification of key samples and radionuclides, sampling,

sample preparation, instrumentation, measurement procedures,
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data evaluation, quality control procedures and provision of

reference materials. Research is also coordinated to develop

rapid radiochem.':al separation procedures.

2.2.3. Dosimetry

General aim of this programme is to respond to the need

of Member States to establish the infrastructure and expertise

required for reliable measurement of radiation doses in

radiation therapy, radiation processing and radiation

protection and to establish measurement traceability. In all

applications of radiation, it is important that the required

dose be delivered accurately, either for legal (limited doses

in radiation processing), health (radiotherapy) or technical

(radiation sterilization and food irradiation) reasons. A

prerequisite for accurate dose delivery is then proper dose

measurement and periodic calibrations of radiation measurement

instruments have become legal requirements in many Member

States.. A. statistical evaluation carried out by the Agency

over the last six years showed that dosimetry was inadequate

in 40% of the radiation therapy facilities which used Co

sources. Moreover, as increasing use is made of electron

accelerators, the need for dosimetric quality assurance in

radiation therapy is increasing. In addition, more than 250

gamma and electron radiation processing facilities are now in

operation in 51 countries - many of them developing ones - and

the number of such facilities is growing rapidly. The ability
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of measuring radiation doses with high accuracy is therefore

an essential requirement for the safe and effective

application of ionizing radiations. While in the

industrialized countries national standardizing laboratories

were established many years ago, most developing countries

still lack such a metrological infrastructure. To ameliorate

the situation in the field of radiation measurement in 1976

IAEA and WHO therefore supported the establishment of

Secondary Standard Dosimetry Laboratories (SSDLs) and

integrated them into an international network. The network

has now more than 50 laboratories and most of them are located

in developing countries. This network is guided by a

secretariat run jointly by the two organizations. A standing

SSDL Scientific Committee reviews and provides technical

advice on the activities of the network. The Agency assists

in the design of SSDLs and provides special equipment, manuals

and training for SSDL staff. The Agency's dosimetry

laboratory organizes dose intercomparisons among member

laboratories and serves as the central, co-ordinating

laboratory of the network. In addition, the laboratory

provides traceability of measurements to the primary standards

of the Bureau International des Poids et Mesures (BIPM) and

offers a special dose intercomparison service for

radiotherapy. While WHO selects radiation therapy centres for

participation in dose intercomparisons through its regional

offices, the Agency is responsible for all technical aspects

of the service. The Agency activities to achieve
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standardization of dosimetry for radiation processing are now

executed under the "Agreement Concerning the Provision of a

Dose Assurance Service by the IAEA to Irradiation Facilities

in its Member States", concluded in 1985. The Agency plans to

continue operating and further develop the network of SSDLs in

Member States and to raise the level of work performance of

existing SSDLs to internationally acceptable standards.

2.3. APPLICATIONS IH INDUSTRY AMD PHYSICAL SCIENCES

General objective of the programme is to foster research

and applications of nuclear methodologies for industrial

applications in developing countries. The programme also aims

at promoting and assisting in the use of nuclear electronic

instrumentation. Other facets of the programme concern

research on chemistry of nuclear materials and nuclear methods

of analysis. As far as the physical sciences are concerned

the objective of the programme is to promote more rational use

of nuclear reactors, the utilization of low-energy

accelerators and neutron generators, and to promote and assist

Member States in the use of radiotraces in chemical and

physical research. The programme in physical sciences also

comprises the application of isotope techniques in hydrology

studies.
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2.3.1. Industrial Applications and Chemistry

Aim of the industrial applications programme is to assist

industrial research institutions, safety organizations and

manufacturing industries, particularly in developing

countries, in the exchange of information, in the

establishment of infrastructures and in the creation of

expertise necessary for the application of nuclear techniques

and methods useful to improve industrial processes. Nuclear

techniques are used worldwide to improve the quality or the

economic benefit of industrial processes. For example,

radioactive tracer methods are used to solve many industrial

problems including, flow measurements, trouble-shooting,

process monitoring, process optimization and control, and

process design. Gammagraphy is an important part of

non-destructive control techniques. Other applications

include modification of properties of plastics and

modification and improvement of the surface properties of

materials. However, nuclear techniques constitute only an

alternative or supplementary tool for solving specific

problems and, in view of the rapid technological developments

taking place, it is essential to know how competitive these

techniques are and to improve them continuously. Furthermore,

new applications of radioisotopes and radiation are being

introduced in various industrial domains including medicine,

bioengineering, biomass conversion and waste treatment.
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Infrastructure development and dissemination of information on

nuclear techniques are therefore needed, in particular, in

developing Member States. The transfer of radiation and

isotope techniques is then a complex process which requires

considerable efforts to develop the necessary infrastructure,

identify industrial opportunities and prepare industrial

projects. Within the frame of this programme the Agency

evaluates the comparative status of nuclear and competing

techniques, assesses the state of the art, helps to

disseminate information and assists Member States in

establishing laboratories. Technical reports and guidelines

are prepared on: nuclear techniques and methods in mineral

exploration and exploitation, on radiation technology for

low-energy electron beam applications, on the the practical

applications of tracers in chemical processing, on the

critical assessment of the industrial applications of

radioactive tracers, on advances in the industrial

applications of low-energy electron beam accelerators, on the

use of radiation technology for the preparation of functional

polymer materials, on irradiation facilities to test the

resistance of organic materials for the nuclear industry and

on the technological and economic comparison of irradiation

and conventional methods. Research activities are also

coordinated on the radiographical evaluation of welds and

castings, on nuclear analytical techniques in mineral

exploration, on nuclear borehole logging for mineral

exploration, and on the use of radiation technology in the

immobilization of bioactive materials.
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The objective of the chemistry programme is to help

Member States to establish the infrastructures for, and to

improve standards in, radioanalytical chemistry, radiochemical

applications and chemistry related to the development of

atomic energy. Analytical laboratories, isotope production

centres and fusion research establishments in Member States

are assisted in the improvement of the stanûard of their work

in relation to quality control in analytical chemistry. To

this purpose the Agency runs intercomparisons for

enviornmental, biological and nuclear materials which are

designed to check the validity of the analytical procedures.

Approximately four intercomparisons are organized each year

with the participation of about 40 laboratories, and the

results are published in technical documents. Some six to

eight new reference materials, which are not available

commercially, are also prepared and distributed annually.

Isotope production reactors in 40 countries and over 50

accelerators in 20 countries (including many developing Member

States) benefit from work on the establishment of procedures

and protocols for strict quality control of isotopes for use

in nuclear medicine. Analytical laboratories in developing

Member States also need to establish reliable and accurate

radioanalytical capabilities, including radiochemical

separation techniques, for geological, agricultural,

biological, environmental and nuclear materials. Technical

reports are then prepared on nuclear techniques for the

analysis of environmental samples, on chemical standards for
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nuclear fuel analyses and safeguards purposes, on training

requirements in radiochemistry and nuclear analytical

techniques, and on the comparison of nuclear analytical

methods with competitive methods. In addition, research is

promoted on chemical aspects of nuclear methods of analysis

with the aim of improving the versatility of such methods.

As far as the chemistry of labelled compounds for

biological and medical applications is concerned, activities

aiming at the production of short-lived nuclides for the

preparation of new radiopharmaceuticals, at the development of
QQ _

Tc geneerators using low-power research reactors, and

research on the chemistry and biochemistry of radio-

Pharmaceuticals are coordinated.

2.3.2. Physics and Research Reactors

The aim of this programme is to assist nuclear research

institutions and university laboratories in developing Member

States to raise the standard of applied nuclear research and

to utilize their research reactors more efficiently. One way

the Agency contributes to this programme objective is by

helping Member States to introduce nuclear techniques such as

XRF1 neutron activation analysis and positron annihilation.

Research is also now being promoted on the development of

computer programs that can be run on microcomputers, with the

aim to overcome the severe problem of lack of software for

nuclear applications existing in developing Member States.
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In many developing Member States, the introduction of nuclear

techniques will have a strong impact on the national economy.

To maximize this impact, the most appropriate techniques and

methods have to be selected. Moreover, the successful

application of nuclear techniques largely depends on the

proper use of the relevant instrumentation. In developing

Member States, however, the conditions for operating nuclear

equipment are not easy. Difficult climatic conditions, poor

power supply, non-availability of manufacturers' services and

general shortage of trained manpower and essential spare

components, often represent major obstacles for the proper

utilization of nuclear instrumentation. There is thus a need

to build up a system for nuclear instrumentation which is

largely self-reliant. The Agency then assists Member States

in improving their ability to construct, maintain and repair

nuclear instruments as well as to use them more effectively,

utilizing its long experience in this field. Moreover, within

the frame of this programme, IAEA continuously monitors and

evaluates the latest developments in nuclear instrumentation

and progress in the application of nuclear techniques and

advises Member States accordingly. The programme is

implemented through advisory missions sent to developing

countries on request to solve specific instrumentation

problems such as the modification of instruments for
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specific purposes or to instruct local technicians on the

maintenance of nuclear electronics equipment. In addition,

these missions promote the use of professional microcomputers

for more effective utilization of nuclear instruments and

facilities through on-line control of experiments. Another

implementation tool is represented by electronic kits for

modular nuclear counting systems, developed by the Agency.

These are made available at the rate of about 300 per year for

use in laboratories of developing Member States. In support

of this activity, research is also coordinated on the design

and testing of new electronic modules with a view to

increasing the versatility of these kits.

As far as research reactors are concerned the programme

objective is to collect, analyze and disseminate information

and the provision of practical guidance, on the use of

research reactors and particle accelerators. There are more

than 300 research reactors operating in Member States and most

of them are not fully utilized. In view of the high capital

investment and operating costs of a research reactor, this

situation is far from satisfactory. Moreover the availability

of highly enriched uranium (HEU) for research reactor fuel has

been recently greatly reduced and it is forseen that it will

become less available in the future. Reactor operators thus

need assistance in acquiring the information and techniques

required to convert reactors. In addition, many reactors are
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operating with fuel of a design which is 10-20 years old. As

the cost of such fuel increases, the need for the reactor

operator to re-design his core, to minimize fuel cycle costs,

will become greater. The ability to perform the calculations

required to do this, which are identical to core conversion

calculations, is lacking in most developing Member States.

The Agency then helps Member States to use their research

reactors more fully by collecting and disseminating

information on, and providing training in, various aspects of

the use of such reactors and their conversion from HEU to LEU

fuel. In terms of utilization, the Agency coordinates

research on core management techniques in order to improve

radioisotope production in low and medium power reactors and

on the development of software for small computers for

research reactor operation.

2.3.3. Isotope Hydrology

The programme aims at assisting hydrology and

hydrometeorology organizations and nuclear and hydrology

research establishments to develop the necessary skills to

explore and evaluate water resources and to utilize and manage

them more efficiently by using nuclear techniques. When used

in conjunction with conventional hydrological methods, isotope

and nuclear techniques constitute a powerful tool of

investigation through which a much improved understanding of

hydrological systems can be obtained. Variations in thu
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environmental isotope concentration of natural waters and

other natural compounds, the behaviour of tracers artificially

injected into surface waters and groundwaters and the

interaction of radiation with water and rocks, can be used to

determine certain characteristics of water bodies and of

water-bearing formations. This permits the formulation of

hypotheses on the behaviour of natural waters and en their

response to exploitation and makes it possible to identify

problems and failures which may arise. Improved knowledge of

water resources and the more efficient utilization and

management which result are of increasing importance in many

countries and particularly in semi-arid, arid and humid

tropical regions. With the experience and expertise it has

accumulated, the Agency helps developing Member states to

identify hydrological problems which can be tackled with

isotope and nuclear techniques, to plan studies and to

interpret the data obtained. The Agency also assists Member

States in establishing their own laboratory capabilities for

using isotope techniques in hydrology and geochemistry. If

these capabilities are not available, the Agency provides all

the necessary analytical services through its Isotope

Hydrology laboratory. In order to improve the efficiency of

its services, the Agency coordinates the programme with other

United Hâtions organizations using conventional techniques for

the assessment of water resources. As part of the activities

of this programme technical reports on the development of

methods and techniques are prepared. Examples are the ones on
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tritium for measuring the discharge of rivers, the use of

radioisotope gauges for measuring suspended sediments in

rivers, methods for interpreting isotope data, the application

of environmental isotopes in geochemistry of natural waters,

and the hydrogeology of fractured and fissured rocks.

2.3.4. Nuclear Data

The aim of this programme is to respond to needs of

Member States for accurate and reliable basic numerical data

for the development of nuclear energy and its applications.

Basic nuclear data are numerical constants which quantify the

nuclear and atomic behaviour of all elements and isotopes.

They are indispensable numbers which scientists and engineers

working in nuclear research and industry need in order to

solve nuclear problems. Scientists and engineers designing

nuclear fission and fusion reactors need large computer files

of cross-sections characterizing the interaction of neutrons,

charged particles and radiations with matter. Nuclear ant?

non-nuclear scientists employing nuclear methods and

techniques need comprehensive up-to-date handbooks and

computer files of data on nuclear structure and radioactive

decay. The application of, and progress in, nuclear sciences

and technologies depend then on the universal availability of

large amounts of accurate and reliable nuclear data. In

response to the above requirements the Agency has developed

over the last twenty years an effective system for the
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bibliographic and numerical data, covering the interests and

needs of both developing and developed countries. As a

result, the Agency has built up the expertise to effectively

utilize computerized data processing tools in handling

numerical information which can particularly satisfy the

growing requirements of those developing countries which are

in the process of introducing nuclear power. These activities

are continuously reviewed by the International Nuclear Data

Committee (INDC) and the International Fusion Research

Council, which are permanent advisory bodies to the Agency.

In addition to the continuing aspects of this programme,

particular emphasis is now put on specific data requirements

which reflect trends in the growth and development of nuclear

techniqv.es. In the past, emphasis was on fission products and

actinide isotopes nuclear data, which are of vital importance

for the design, operation and fuel cycle analysis of fission

reactors. Currently, increased emphasis is being given to

analysing and fulfilling the needs for improved nuclear and

atomic data for radiotherapy, radiation damage of nuclear

materials, nuclear geophysics applications and fusion reactor

development.
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2.4. LABORATORY SERVICES

Another aspect of the IAEA approach to nuclear

applications is represented by the laboratory activities. The

Agency's Laboratories at Seibersdorf and in Vienna and the

Monaco Laboratory play a relevant role in providing laboratory

services as a back-up for various programmes, and in the

training of scientists from developing countries. Moreover

the laboratories participate in the develi ~ment of new

techniques and organize laboratory inter-comparison exercises

in various fields among laboratories in Member States as means

of ensuring appropriate quality control. Some of the

activities performed at the laboratories were described in the

previous Sections.

2.4.1. Seibersdorf Laboratories

The Agency's Laboratories at Seibersdorf contribute to

IAEA's technology transfer by:

a) providing experimental support to the isotope and

radiation programmes in industry, physical and chemical

sciences, life sciences and human health, and food and

agriculture,

and

b) supporting the technical cooperation programme, by

providing training and technical officers for technical

cooperation projects.
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The work related to the isotope and radiation programme is

performed in two of the three branches of the laboratories,

i.e. the Agriculture Laboratory and the Physics-Chemistry-

Instrumentation (PCI) Laboratory.

Training at Seibersdorf covers the range of activities and

typically involves: in-service training of fellows, training

courses and group training.

The framework of the Agricultural Laboratory is the

application of nuclear and related advanced methods to the

solution of agricultural problems. The activities consist of

research, development, services and technology transfer in the

fields of soils and crop production, plant breeding and

genetics, animal production, entomology and agrt. chemicals.

The activities are carried out in the name of FAO and IAEA and

are conducted in conjunction with FAO/IAEA coordinated

research contract programmes. The scientific work cover the

following topics:

Soils and Crop Production; the methodology for using

H-15-labelled nitrogen, to determine quantitatively the amount

of nitrogen symbiotically fixed in legume crops, developed at

the laboratories, is extensively applied. Field methods are

now developed to maximize the symbiotic nitrogen fixation of

legume crops through selection of plant varieties and

Rhizobium strains, and to make optimal use of soil and

symbiotically fixed nitrogen under mixed cropping conditions

in many developing countries.
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In support of internationally coordinated research contract

programmes on symbiotic nitrogen fixation in mixed cropping,

the laboratory carries out routine N analyses on plant

samples as a service to participants in these programmes.

Another project deals with nitrogen fixation in Azolla in

association with blue-green algae to provide flooded rice

fields with sufficient nitrogen supply, thus minimizing he

need for nitrogen applied as chemical fertilizer.

Plant Breeding and Genetics: tissue culture techniques,

combined with induction of gene mutations and chromosomal

changes, are developed in order to facilitate intra- and

inter-specific gene and chromosome transfer for the purpose of

crops improvement. The laboratory has activities that deal

with induced mutations, e.g., rice breeding for tolerance to

adverse soil factors, legume crop breeding, oil crop breeding,

and some basic food crops in Africa. It has also developed

techniques to facilitate transfer of genes through high-dose

irradiation of pollen. Another activity involves mass

screening of Phaseolus mutants in order to isolate plants with

an increased capability for symbiotic nitrogen fixation.
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Animal and Health Production; the laboratory is carrying out

research to test and develop radio immunoassays for measuring

reporductive hormone levels and for detecting and identifying

animal disease agents. A rumen simulation apparatus is also

being used tc study microbial degradation of feeds using

labelled compounds, with emphasis on fibrous components.

Entomology; the laboratory conducts research and development

on the sterile insect technique to eradicate or control

insects such as tsetse flies and the Mediterranean fruitfly.

The laboratory also operates a pilot plant to develop and

improve procedures for mass-rearing of insects for large scale

sterile insect technique programmes. Research on insect

genetics aims at the introduction of sexually linked lethality

in fruitflies and F. sterility as a method of controlling

Lepidoptera pests of field crops. Research also deals with

tsetse fly nutrition for mass rearing and the use of

radioisotopes to improve integrated pest management programmes.

Agrochemicals: the'work focuses on environmental consequences

of Ejrochemical applications. The fate of trypanocide drugs

and their degradation products in milk and meat samples is

investigated. Other experimental activities deal with

pesticide formulation and their residues in agricultural

products. Isotopically labelled compounds are used to analyze

chemical degradation in natural systems through laboratory

studies and greenhouse experiments aiming at minimizing the

quantities of agrochemicals that must be used.



- 39 -

The Physics-Chemistry-Instrumentation (PCI) Laboratory deals

with services, research and development, technology transfer

and training in nuclear and nuclear related aspects of

chemistry, physics, electronics, computer applications, and

hydrology. The activities in the various subjects include:

Chemistry; the work deals with several problems related to

nutrition and the environment by using a wide range of modern

nuclear and micro-analytical techniques. One focus is on the

analysis of trace elements in biological, environmental, and

foodstuff samples. Several toxic and other elements that play

a significant role, are determined by neutron activation

analysis (NAA) and gamma ray spectrometric analysis. Work is

also performed to assist countries in the detection and

determination of low-level radioactivity in the environment

and in food by measuring and recommending reference methods

for determining key radioactive contaminants in air, water,

soil, grass, and principal foodstuffs. The Seibersdorf

Laboratories as well as the International Laboratory of Marine

Radioactivity in Monaco, also deal with quality control

services for analytical laboratories by running

intercomparison studies and providing reference materials for

radionuclides., trace elements and isotope ratios.

Dosimetry The laboratory acts as a central laboratory in the

IAEA/WHO Network of Secondary Standard Dosimetry Laboratories

(SSDLs). Besides organizing SSDL intercomparison runs and
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performing measurements, the laboratory develops special

equipment and laboratory devices to improve dosimetric

accuracy. It also performs dose intercomparisons for some 100

radiation therapy centres each year. Another joint

undertaking of the IAEA and WHO is a postal calibration

service for thermo-luminescent dosimeters (TLDs). The

laboratory prepares and calibrates TLDs that are mailed

through WHO to participating hospitals and clinics in

developing countries.

Instrumentation and Physics The laboratory has dealt in the

past with the elaboration of techniques for absolute

measurement of radioactivity, the development of nuclear

measurement equipment and intercomparisons for absolute

radioactivity determination of various radionuclides.

Presently the experimental activities relate to nuclear

instrumentation applications in soil physics and the

designing, construction, and maintaining of electronic and

microprocessor-based nuclear equipment.

Isotope Hydrology Most of the work concerns the use of stable

and radioisotopes to study the origin and availability of

groundwater and how fast it is being renewed. Water samples

are analyzed using highly sensitive measurement instruments in

support of Agency research programmes and technical assistance

projects. Similar services are also carried out for stations

of the IAEA/WHO worldwide precipitation network.
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Water samples are analysed for deuterium, oxygen-18 and, in

most cases, for their tritium content. Intercomparison runs

of tritium and stable isotope reference materials are done

regularly to assist laboratories in different countries to

check their analytical performance.

2.4.2. Monaco Laboratory

The International Laboratory of Marine Radioactivity in

Monaco deals with problems related to the chemical behaviour

of radionuclides present in different chemical forms in the

sea, the vertical transport of radioisotopes between the sea

surface and the deep waters, the distribution and accumulation

of radionuclides in various marine biota, and the sampling and

the normalization of methodologies used for the studies of

marine radioecology. The activities cover training of

personnel, assistance and advice to Member States, and the

provision of analytical quality control services. Through the

provision of marine reference materials - in the form of

sediments, sea water and marine tissues - for a variety of

radionuclides, together with the conduct of interlaboratory

comparison exercises, the Monaco Laboratory is assisting many

institutions throughout the world. Each year institutions in

up to 50 countries participate in these exercises and use the

reference materials in their monitoring and research

programmes. The laboratory is also active in the development

of suitable analytical methodologies for natural and

\
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artificial radionuclides. In recent years the emphasis has

been on technetium and isotopes of plutonium, neptunium,

americium and curium. The Laboratory's experience is also

utilized to gain better insight into the behaviour in the

marine environment of non-radioactive elements in the

framework of international pollution programmes such as the

Intergovernmental Océanographie Commission of the United

Hâtions Educational, Scientific and Cultural Organization

(UNESCO) and the United Nations Environment Programme (UNEP),

Regional Seas Office.

3. MAJOR MECHANISMS FOR PROGRAMME DELIVERY

Various mechanisms are presently utilized by IAEA to deliver

its Isotope and Radiation Programme. They are briefly

summarized in the following sections.

3.1. Technical Cooperation Projects

Through these projects, which are inititated at the request of

developing Member States, skills, knowledge and equipment are

transferred to a developing country. Within the frame of

these projects expert services are provided and training of

scientists and scientific visits are arranged. The projects

are financed by voluntary and extrabudgetary contributions

from Member States, by funds from the United Nations
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Development Programme (UKDP), by gift in kind such as

equipment, slants, cost-free fellowships ana cost-free expert

services, and from funds in trust. In 1986, out of a total of

85A operational projects supported by IAEA, 610 were related

to the Isotope and Radiation Programme. The distribution of

the total number of technical cooperation projects (TC

projects) by field of activitiy for 1986 is shown in Figure

1. The distribution of the number TC projects by field of

activity, among the various topics of the Isotope and

Radiation Programme, is shown in Figure 2. The data indicate

that the projects in Industry and Physical Sciences account

for about half the total number of projects, with Industrial

Applications and Chemistry having the largest fraction of

projects. This situation mainly reflects the very diversified

nature of the activities carried out within Industry and

Physical Sciences applications.

The total disbursement for Technical Cooperation

activities of IAEA in 1986 amounted to US$ 40.0 million, and

about 60% of the disbursement was for projects in Isotope and

Radiation applications (Figure 3). Once again, the largest

share is represented by projects in Industry and Physical

Sciences. However, when the fraction of disbursement is taken

as measuring parameter, the predominance of the Isotope and

Radiation Programme is less pronounced, reflecting the more

costly nature of many of the projects in nuclear energy,

safety, power and fuel cycle. The distribution of the
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disbursement for technical cooperation projects by field of

activities, among the various topics dealt with in the Isotope

and Radiation programme, is shown in Figure 4. The figures

indicate the very large impact of the projects in Food and

Agriculture on the overall expenditure, reflecting the great

need of many developing countries for technical assistance in

this area. The same predominance of the Food and Agriculture

applications (21% of the total) is shown in Figure 5, showing

the disbursement by field of activity broken down by

equipment, experts and training.

It has to be mentioned that, although most projects are

undertaken at the country level, project-related assistance to

several countries within a region can also be provided under

regional and interregional projects. This form of assistance

offers particular advantages as the focus is on topics that

are of interest to a large number of countries. Moreover,

inter-country assistance also yields a better cost-benefit

relationship than most projects limited to individual

countries. To facilitate the establishment of regional

priorities for cooperation with the Agency, Member States in

two region have established cooperative managements: the

Regional Cooperative Agreement, RCA, for Asian countries,

concluded in 1972, and its Latin Amercian counterpart, the

"Arreglos Régionales Cooperatives para Ia Promocion de la

Ciencia y la Tecnologea Hucleares en America Latina", ARCAL,

operative since 1983.
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3.2. Research Contracts and Agreements

These are awarded by the Agency to research centres,

laboratory, universities and other institutions in Member

States, for the conduct of projects of both applied and

fundamental nature. Contracts generally amount to US$ 5000

per year and the money can be spent on equipment and supplies

or for hiring staff. While Research Contracts are usually

awarded to institutions from developing countries. Research

Agreements, carrying no funding, are awarded to institutes of

developed countries. Research Contracts and Agreements form

the basis of the IAEA Coordinated Research Programmes. Ten to

fifteen institutes, from both developing and industrialized

countries, are coordinated by IAEA in relation to research

work on a common theme, usually related to a problem of a

developing country. The total volume of the Research

Contracts during 1986 was close to US$ 2 million, with 80% of

the total available resources utilized for the activities

related to Isotope and Radiation applications (Figure 6). The

largest fraction (33.1%) was utilized for activities in Food

and Agriculture. In 1986 the total number of operative

Research Contracts in the field of Isotope and Radiation

applications was 719. The number of Research Agreements was

233 and the Research Contracts and Agreements were grouped

into a total of 95 Coordinated Research Programmes. The

distribution of the Research Contracts and Agreement by field

of Activity, within the Isotope and Radiation Programme, is

shown in Figures 7, 8, 9, 10, 11, 12.
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3.3. Meetings and Publications

Cooperation between Member States and transfer of

technology is also promoted through the several conferences,

symposia and seminars etc. convened by the Agency.

International meetings, coordinated research programmes,

laboratory services, training courses etc. organized by IAEA

result in the publication of books, monographs, technical

reports, manuals etc. which contribute to the implementation

of the programme.

3.4. Laboratory Services

The IAEA's laboratories are directly contributing to

programme delivery by increasing the competence of several

laboratories in developing countries in Isotope and Radiation

applications by providing staff which undertake technical

cooperation assignments, back-up services for coordinated

research programmes and in-service training of scientists from

developing countries in the use of isotope and radiation

techniques. The laboratories also give advice on analytical

methods and provide quality control, intercalibration and

other technical services.

3.5. Collaboration with other Organizations

Several activities are carried out in collaboration with

U.H. organizations such as FAO, VlHO, HHO, UNESCO, UHEP, UNIDO

etc.
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Figure Captions

Figure 1. Distribution oi? Technical Cooperation Projects by field.

Figure 2. Distribution of Technical Cooperation Projects in Isotope

and Radiation Applications by field.

Figure 3. Technical Cooperation Projects. Disbursement by Field of

Activity.

Figure 4. Technical Cooperation Projects. Disbursement for

Projects in Isotope and Radiation Applications by Field

of Activity

Figure 5. Technical Cooperation Projects. Disbursement by Field of

Activity. From The Agency's Technical Cooperation

Activities in 1986, GC (XXXI)/INF/244, IAEA, Fig. IB,

p. 38, 1987.

Figure 6. Research Contracts. Distribution of Disbursement by

Field of Activity.

Figure 7. Research Contracts and Agreement in Isotope and Radiation

to Applications. Distribution by Field of Activity. CRP =

Figure 12. Coordinated Research Programmes, RC = Research Contracts,

RA = Research Agreements.
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FIG.
5

DISBURSEMENT BY FIELD OF ACTIVITY: 1986
(in millions of dollars)
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Gen = General atomic energy development
Phy = Nuclear physics
Che = Nuclear chemistry
Geo = Prospecting, mining and processing of nuclear materials
Eng = Nuclear engineering and technology
Agr = Application of isotopes and radiation in agriculture
Med = Application of isotopes and radiation in medicine
Bio = Application of isotopes and radiation in biology
Ind = Application of isotopes and radiation In industry and hydrology
Saf = Safety in nuclear energy
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