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EXPERIENCES IN NUCLEAR TECHNOLOGY TRANSFER

FOR AGRICULTURAL PRODUCTION AND FOOD PRESERVATION

CHAPTER 1

INTRODUCTION

1.1 Scope of the Report

The report presents the benefits of nuclear technology, the central role played by the

International Atomic Energy Agency (IAEA) of the United Nations in the transfer of nuclear

technology applied to food and agriculture, as well as the experiences of Africa and some other

developing regions in the acquisition of the technology. Some briefs are given on the discussions

with scientists and technologists during missions to three African countries before concluding the

report with recommendations.

1.2 Benefits of Nuclear Techniques in Food and Apiculture

1.2.1 Introductory Statement

It is the application of science and technology that transforms natural resources into goods

and services for a better quality of life. But as science becomes ever increasingly multi-facetted,

it breeds diverse technologies each making its impact on better conditions of living and the

advancement of the world. Therefore Africa needs to watch these facets of modern science and

technology and attempt to master the areas that can make an impact on the region's numerous

problems of underdevelopment. One such area is nuclear science and technology, which in spite

of being relatively new, but with a great potential for the future, is already making considerable

contributions through applications in food and agriculture, mining, water resources development,

medicine, industry, electrical power, research and training, and so on.

1.2.2. Soil Fertility, Irrigation and Plant Production

In the African region, population is increasing at a faster rate than food production,

especially in Sub-saharan Africa where population has overtaken food production in 35 out of

41 countries. The basis of agriculture is soil fertility, but the majority of the soils are infertile

and often fragile and therefore call for careful management. Unfortunately the farming system

is characterised by shifting cultivation in which the fallow period needs to be long enough for

the pastures and trees to grow and fix enough atmospheric nitrogen to regenerate soil fertility.

To feed the increasing population, the lands have to be cultivated more intensively and the

necessary fallow period for regeneration of soil fertility can no longer be afforded. The result

is steadily impoverished soil, increased erosion, desertification and decrease in crop yields,

sometimes amounting to as much as 70 to 80 per cent. Even where the government can afford

the foreign currency for the importation of commercial fertilizers, they are often too costly for

most farmers.
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Another important cause of soil infertility is deforestation arising from the felling of trees

for fuelwood. In the region fuelwood provides about 45 per cent of energy needs sometimes up

to 80 per cent in the rural areas. In the vicious circle, the capacity of the impoverished and

degraded soil to produce fuelwood is greatly diminished and the depletion continues. In the

African region an estimated 55 million people are were facing fuelwood crisis in 1987 and

perhaps up to 550 million people will experience same by the year 2000.

Nitrogen-15 isotope techniques are being used on studies with the ultimate aim of

maximizing the fixation of atmospheric nitrogen by pastures and trees thereby regenerating soil

fertility for the increased production of food and fuelwood. The same technique is being used

in an attempt to diversify and maximize the role of the aquatic fern Azolla which fixes

atmospheric nitrogen and boosts the yield of rice. Water is scarce in many parts of Africa

especially the Savannah and Sahelian regions. Irrigation becomes necessary and is often

practised in these areas. Proper management of the scarce water is of essence in crop production

under these conditions.

Whether irrigation or rain-fed agriculture is practised, nuclear techniques involving

radiation and isotopes enable moisture changes in the soil, and moisture uptake by crops to be

studied in reliable and non-destructive way. By quantifying the water requirements and

understanding the dynamics of water usage by crops from these studies the scarce water can be

managed efficiently to maximize crop production.

1.2.3 Plant Brewing ^nd Genetics

A very wide and still expanding means of increasing food production is the application

of diverse nuclear techniques which may be grouped under crop improvement and metagenesis.

Generally, the seed is irradiated with gamma radiation or fast neutrons to induce mutations. The

genetic changes usher numerous species from which the varieties with desired characteristics are

selected. Among the characteristics sometimes desired are: high yield, short growth period,

early maturity for harvesting, grain size, higher protein content, resistance to diseases or insects,

salt water tolerance and resistance to unfavourable external conditions. This offers a vast

opportunity to the region, and indeed developing countries, to modernize an almost antiquated

agriculture.

Only 4 induced mutant crop varieties had been released to growers by 1950. By 1987,

more than 1200 mutant varieties of crop plants and ornamental have been released. The

progression shows a steep increase: 4 by 1950, 19 by 1960, 153 by 1970, 484 by 1980 and 1200

by 1987. Biotechnology and genetic engineering, combined with the use of induced mutation,

have a great potential in the hands of the plant breeder to raise levels of human nutrition and

standards of living through better crop plants.
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1.2.4 Animal Production and health

As in the case of crop production above, nuclear techniques also play vital roles in animal

production. For the improvement of reproductive efficiency, antigens are labelled with iodine-

125 and antibodies are developed for each hormone and these are applied in the study of the

reproductive state of the animals. With theradioimmunoassay (RIA) techniques, hormonal

patterns in the livestock are followed and measured over the reproductive cycle. With the results

it is possible to devise improvement of the reproductive efficiency.

Ruminants like cattle, sheep, goats, bufallo etc. constitute the mainstay of animal

husbandry in the region. In their digestive tract their fibrous feeds like grass and straw are

broken down and converted into products that enable them to produce milk, meat, wool or

draught power. Radioactive tracing techniques have been used to study the process and analyze

the digestibility and nutritive value of food stuffs. The possibilities have been enhanced by the

recent development ofthe "rumen simulation technique" (RUSITEC) in Scotland popularly styled

"artificial cow" enabling the studies to be done in the laboratory without the use of a real

ruminant. With these studies of the dynamics and metabolism of the ruminants' digestive

system, it should be possible to select preferred local feeds, and formulate diets for faster

growth, better meat, more milk or indeed any desired characteristic in the domestic animal.

Nuclear techniques have also been successfully used in animal health and disease control.

An example is the production of vaccines against worms and other helminthic organisms. Thus

nuclear techniques can play a notable role in Africa where infectious and parasitic diseases often

take their toll in animal production.

1.2.5

Fortunately only about 15000 or less of the more than one million species of insects that

inhabit the world have harmful effects on plants and other animals. Unfortunately, however,

they are responsible for considerable losses (about 15 to 20 per cent) of the world's plant and

animal agricultural production and the percentage is a lot higher in developing countries. These

losses arise from: direct damage to plants and animals; diseases of plants and animals transmitted

by insects, and destruction of agricultural products during storage. In addition, human lives are

lost through diseases transmitted by insects such as malaria, yellow fever, onchocerciasis, dengue

etc. Prevention of food losses has become crucial for survival in Africa where population has

outstripped food production and drought is endemic.

Insecticides developed in the last 40 years or so have been widely used in the control of

these pests. These have not been completely successful because: the insects gradually develop

resistance to the chemicals, the chemicals pollute the environment; and some insecticides leave

residues which are harmful to plants and animals including humans. Consequently, alternative

methods are required for insect control.
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Apart from the sterile insect technique which deserves separate treatment, the alternative

methods include the use of insect pheromone (sex attractants) to avoid mating by confusing

insects to prevent males and females getting together; inundative release of parasites and

predators; and developing host resistance. Isotope tracer techniques play important roles in

developing these methods. Radiation is also used in microbial control, quarantine treatment of

agricultural commodities especially for export purposes, genetic engineering and in breeding

resistant plant varieties.

Of major importance is the sterile insect technique (SIT). In this technique, X-rays or

gamma radiation is used to sterilize insects sexually with doses that do not adversely affect their

mating and inseminating ability but the resulting eggs are sterile and produce no offsprings. This

SIT is species specific. When large numbers of males are reared, sterilized and released, the

population of the new generation is drastically reduced. By repeated application, the pest can

be eradicated by this process that prevents reproduction.

A major advantage of SIT is its effectiveness in area-wide insect control. Most of the

other methods are usually applied, preferably in combination, in integrated pest management

(IPM) on farm to farm basis. This is too expensive for small farmers and not entirely

satisfactory for the large producer as the insects persistently menace from the neighbours

holdings. In the more satisfactory area-wide control the insects are controlled at source and not

at the point of their doing damage. In this way some of the more virulent major destroyers like

locusts, mosquitoes and tsetse flies can be controlled at less cost to the advantage of both small

and large farmers. Area-wide control is the only effective means of complete eradication.

Since SIT was first used to eradicate the screwworm that attacked cattle, from the Dutch

Island of Caracao in the Caribbean in 1984 and to eradicate the medfly, the Mediterranean fruit

fly from Mexico, it has been developed to the point of now being proven. There are more than

10 projects in which SIT is applied for eradicating insect pests. The SIT projects tend to be

large and consequently international in co-operation. In spite of the usually large outlay because

of the wide scope, they are relatively cheap. The total cost of rearing is about $100 per million

flies. A new method is being developed in which the females are killed early during rearing.

Where this is applicable the cost of rearing males only can be reduced to about 60%.

One of the big cooperative SIT projects is the Biological Control of Tsetse fly (BICOT)

in Nigeria. Apart from being detrimental to humans the tsetse fly is the vector of nagana or

animal trypanosomiasis which destroys livestock in a large scale and infests a large area (about

70 per cent) of the agricultural land in Africa. The Nigerian SIT project, BICOT, has eradicated

the target species of tsetse fly from the project area of about 1500 square kilometres in North-

Central Nigeria. The Nigerian Government is requesting an expanded project BICOT H,

covering an area of about 10000 square kilometres in Plateau State of Nigeria.
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The SIT technique holds great promise ofreclaiming vast areas of agricultural and grazing

land of Africa from the widespread menace of the tsetse fly and other pests like the

Mediterranean fruit fly. This can vastly boost food production (crops and livestock) in Africa

and make considerable impact on the improvement of living conditions ofthe rural communities.

1.2.6 Agrochemicals and Residues

Modem aids to agriculture like insecticides, herbicides and fertilizers are being

increasingly applied in developing countries. These have some harmful side effects as they

permeate and interact with the environment affecting underground and surface water, air etc.

Tracer techniques are preferred in the effort to optimize the use of these agrochemicals and

minimize the harmful effects of their residues.

Radioisotope tracers are used in studies conducted on the dissipation and fate of

agrochemicals and their residues in order to develop more effective applications of fertilizers and

pesticides as well as to increase protection of the agricultural environment. Substrate labelled

with isotopes are employed in studies aimed at improving the bioconversion of agricultural wastes

to animal feeds, fuel and fertilizers.

1.2.7 Food Preservation

It is worrying that while Africa faces the problem of increasing food production to feed

her rapidly growing population, she suffers a staggering amount of post-harvest losses of food

estimated at about 40% of the grains and 50 per cent of the yams produced annually. This is

a clear proof that the traditional and current methods of food storage and preservation fall short

of the requirements and new methods are urgently needed.

It has long been known that exposing foodstuffs to ionizing radiation prolongs their

storage life. As of now the most popular source seems to be gamma radiation from Cobalt-60.

Irradiation of foodstuffs not only prolongs their shelf-life but also inhibits the germination of

tubers and other vegetables, controls pathogenic agents, parasites, and insects that attack them,

and achieves microbial sterilization of spices and other dried ingredients. By now the irradiation

technique is well-proven and has spread all over the world including developing countries.

There is however the problem of public acceptance of irradiated food. Irradiated food

can be wholesome food and the technique has some advantages. No heat or dehydration occurs

in the process and therefore the freshness and the original physical condition of the food item

(vegetables, fruits, tubers, grains, meet, fish etc.) are preserved. The foodstuff could be pre

packaged before irradiation. The process is convenient.

There is need for a national regulatory authority to inspect and approve the irradiated food

for distribution and consumption, guided by international radiation safety and protection rules
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and practices. In 1983 the international organization, Codex Alimentarius Commission approved

standards for irradiated food. On this spur, a number of countries including developing countries

have approved the release of a wide range of irradiated food for human consumption.

Food irradiation offers Africa an opportunity of reducing her staggering post harvest

losses of food that is very much needed to feed her ill-nourished population.
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CHAPTER 2

TECHNOLOGY TRANSFER PROCESSES UNDER THE PATRONAGE OF IAEA

2.1 The Establishments

The International Atomic Energy Agency (IAEA) was established in 1957 by the United
Nations to promote the peaceful uses of nuclear energy. The Food and Agriculture Orgamzation

(FAO) was founded in 1945 by the United Nations to find ways of eliminating hunger in

developing countries. Naturally, in its operations in the applications of nuclear techniques to

food and agriculture the IAEA was in close cooperation with the FAO.

In 1964 the close and successful collaboration matured into the establishment of a Joint

FAO/IAEA Division responsible for food and agricultural research and development involving

nuclear techniques. The programmes of the Joint FAO/IAEA Division have the objectives of

exploiting the potential of isotope and radiation applications in research and development for: (a)

increasing and stabilizing agricultural production; (b) reducing production costs; (c) improving

food quality; and (d) protecting agricultural produce from spoilage and loss.

The Joint FAO/IAEA Division is located at the IAEA in Vienna, Austria. The Division

has six sections;

(i) Soil Fertility, Irrigation and Crop Production;

(ii) Plant Breading and Genetics (including relevant Biotechnology and Genetic

Engineering);

(iii) Animal Production and Health;

(iv) Insect and Pest Control;

(v) Agrochemicals and Residues, and

(vi) Food Preservation.

Each Section publishes a Newsletter once or twice a year.

Two international laboratories principally provide technical support for the Joint

FAO/IAEA Division's programme. They carry out research and development, and provide

scientific services and training, in order to facilitate the transfer of food and agricultural research

techniques to FAO and IAEA Member States. The Agricultural Laboratory at Seibersdorf is

about 40 km from Vienna. It has units functioning as counterparts of the Sections of the Joint

FAO/IAEA Division. Their facilities enable them to specialize in research, development and

technology transfer in the fields of soils and crop production, plant breeding and genetics, animal

husbandry, entomology and agrochemicals. The laboratory provides a wide range of services

including; chemical and isotopic analyses, radiation treatments, microbiological studies, model
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experiments, radiation sterilized insects, mutagen treated seeds, hormone and disease diagnostic

kits, and training.

In food preservation activities, the International Facility for Food Irradiation Technology

(IFFIT) at Wageningen in the Netherlands plays roles similar to those of the Agricultural

Laboratory at Seibersdorf. The facility is sponsored by the FAO, IAEA, and the Netherlands

Ministry of Agriculture and Fisheries. The International Consultative Group on Food Irradiation

(ICGFI) was established under the aegis of FAO, IAEA, and WHO in May 1984 with its

secretariat at the Joint FAO/IAEA Division in Vienna. Under the scope of ICGFI, a Food

Irradiation Process Control School (FIPCOS) for training operators and food control officials was

established in 1989. The operators or plant managers of irradiation facilities which process food

on a commercial scale are trained in proper control of food irradiation with special emphasis on

good manufacturing practices, dosimetry techniques, record keeping and lot identification. The

food control officials are trained in proper inspection procedures and to control irradiated food

in trade. Currently, the FIPCOS (school) operates as an international training network under the

auspices of ICGFI.

The Joint FAO/IAEA Division is the executive arm of the FAO and IAEA. The FAO

works to raise the levels of nutrition and standards of living by improving the production and

distribution of food and agricultural products. The IAEA aims at accelerating and enlarging the

contribution of atomic energy to peace, health and prosperity throughout the world. The Joint

FAO/IAEA Division is responsible for the overall planning, programming and coordination of

all activities involving nuclear techniques and related biotechnology in food and agriculture,

irrespective of the unit through which the approved projects may be carried out. The

Joint/FAO/IAEA Division undertakes research contract programmes, technical cooperation

projects, and training.

2.2 Research Contract Programme

The IAEA research contract programme aims at helping researchers in Member States to

solve well-defined food and agricultural problems employing nuclear techniques. Under the

programmes of the Joint FAO/IAEA Division, institutions and or individual researchers in

Member States of the FAO or IAEA may be awarded contracts upon application. If the

application is relevant to the Joint Division's overall programme, for approval, it needs the

backing of basic capabilities, such as laboratory space, equipment and qualified staff existing at

the institution for carrying out the research.

Contracts may be awarded to an individual for direct support to one valuable project.

However, it is often found desirable and rewarding for researchers to participate, with overall

coordination and administration provided by the Joint FAO/IAEA Division and the IAEA's

Contracts Administration Section. In a Coordinated Research Programme, institutions or

researchers in developed countries normally participate on a cost-free basis through a Research
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Agreement while those from developing countries are provided financial support on a cost-

sharing basis, through a Research Contract. A research contract is normally worth US$ 3000
to US$ 5000. Research contracts in a CRP are normally awarded for one year, renewable for
up to 3-5 years, provided satisfactory progress is reported. The researcher may direct the use
of the funds for the research purposes, and the IAEA may help in procurement of equipment and
consumable.

During a 5-year CRP, 2 to 3 research coordination meetings are held at FAO/IAEA's
expense, initially to define the common scientific scope and work plan. The second and or third

coordination meeting reviews progress, reports on findings, draws conclusions and prepares the

results for publication. The following recent CRPs illustrate, to some extent, the possible range
of food and agricultural research topics employing nuclear techniques: (i) mutation breeding for
disease resistance using in vitro techniques; (ii) the use of isotopes to improve yield and N2
fixation of grain legumes in Latin America; (iii) nuclear techniques in the study and control of
parasitic diseases of livestock; (iv) development of methodologies for the application of sterile
insect technique for tsetse fly eradication or control; (v) radiotracer studies to reduce or eliminate
pesticide residues during food processing; and (vi) the use of irradiation to control infectivity of
food-borne parasites.

When a new Coordinated Research Programme (CRP) is chosen, institutions and
researchers with known interest in the programme are contacted. The CRP is also advertised in

the Newsletter of the appropriate Section of the Joint FAO/IAEA Division. The application for

a Research Contract Proposal made on Form N-17 requires the signatures of the Principal

Investigator and the head of the institution. To get on to the mailing list one has to write to the
Director of the Joint FAO/IAEA Division, and to get the application form, one has to write to

the Head of Contracts Administration Section of IAEA. The common address is: International
Atomic Energy Agency, Wagramerstrasse 5, P.O.Box 100, a-1400 Vienna, Austria. Phone: 43-
1-2360 (-0 or ext. no.), Fax: 43-1-234564, Telex: 1-12645 ATOM A, Cable: INATOM
VIENNA.

2-3 Tcchnirf} Cooperation Pfftjrcfs

The FAO and IAEA, sometimes in cooperation with the United Nations Development
Programme (UNDP) or other donors, are actively involved in technical cooperation as part of
their support for development. Within the framework ofthe Technical Cooperation Programmes,
developing countries are assisted in solving technical problems or in introducing special

techniques with the long-term objective of increasing the recipient institutions self-reliance. In
food and agriculture projects, assistance is given to developing countries to exploit the potential
of nuclear and associated advanced techniques with technical support from the Joint FAO/IAEA
Division.
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The inputs provided by Technical Cooperation Projects include: (a) expertise through

visiting scientists already well versed in particular techniques, to train, advise and assist local

scientists in conducting the work plan on the project; (b) training of scientists or technical staff

from developing countries in specific techniques; and (c) provision of laboratory and field

equipment as well as supplies.

The Technical Cooperation Projects contribute to the development objectives of a country

by improving the research capability of institutions to the point where scientists are able to

conduct such work more or less independently without further substantial outside input. The

IAEA Technical Cooperation Project proposals may be submitted any time, and are approved in

two-year cycles (1991-2, 1993-4 etc). If appraisal is positive, implementation may then start in

the following cycle. The FAO Technical Cooperation Projects are approved on an adJlQC bases,

and implementation may start soon after approval if there is an urgent need. In general,

however, planning and approval may take up to one year.

The application for an IAEA Technical Cooperation Project made on Form TA-IE/Rev.

3 and endorsed by the Government, must be submitted to the IAEA through the appropriate

official Government channels. The form is obtainable from the Government ministry of authority

responsible for nuclear energy matters. Application for a project under the FAO Technical

Cooperation Programme must be submitted through the FAO Country Representative or Regional

Office, or also to the FAO headquarters in Rome (Food and Agriculture Organization of United

Nations, Via delle Terme di Caracalla, 00100 Rome, Italy). There is no formal application form

but the application must be endorsed by the Government.

2.4 Training

2.4.1 Fellowships

The IAEA and FAO offer fellowships to qualified personnel from developing countries

which are Member States for training in the application of nuclear and related techniques in food

and agricultural research and development. Many scientists now engaged in such research

received their initial training in nuclear technology through these fellowships, according to the

IAEA.

As a general rule, an applicant must be working in his/her country in the area in which

further training is requested. Applicants requiring training should have an appropriate basic

degree and be involved in a research programme. Fellowships are, however, sometimes offered

to technicians for basic training, particularly relating to the operation and maintenance of the

instruments using isotope or irradiation studies. Fellowships are preferably awarded to staff

involved in projects supported by FAO/IAEA.
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The duration of a fellowship is normally between three and twelve months. All expenses

related to the training are borne either by the FAO, IAEA, UNDP or a donor country. In

exceptional cases, fellowships may be extended beyond twelve months. The aim of the

fellowship programme is not to support training that leads directly to an academic degree,

although degrees are sometimes earned while completing fellowship training. Limitations to

fellowship awards by the FAO or the IAEA include:

(i) applicants must be from a Member State of the respective organization;

(ii) applicants must be employed by a Government, ministry, research

institute, university or similar body, and there must be assurance of

employment upon completion of the fellowship;

(iii) age limits for applicants are normally 18 and 45 years; and

(iv) in general, awards for training are not made if suitable facilities for the

requested training are available in die applicant's own country.

An application for IAEA fellowship or scientific visit made in Form TA-2EF is forwarded

to the IAEA after endorsement by the Government. The form is obtainable from the ministry

or authority responsible for nuclear energy matters. An application for FAO fellowship made

in Form AGO 25/E and endorsed by the Government is forwarded to FAO through the

Government. The form is obtainable from the office of FAO representative, the UNDP office

or from the Fellowship Group, FAO, Rome.

2.4.2 Training Courses

An important feature of the training programme is me organization of regional and

interregional courses. This enables the participants to train in an appropriate language. The

courses usually last 4 to 6 weeks, and can be attended by up to 20 participants, depending on the

facilities of the host institution. Each Section in the Joint FAO/IAEA Division normally

organizes one to three training courses per year. Details are announced through the official

channels to the Member States and in the Joint Division's Section Newsletters.

An application for IAEA Training Course/Study Tour made in Form TA-3E, has to be

endorsed by the Government before it is forwarded to IAEA for consideration. The form is

obtainable from the ministry or the authority responsible for nuclear energy matters. An

application for FAO Study Tour made in form AGO 23, and endorsed by Government, is

forwarded to FAO through the Government. The form is obtainable from the office of the FAO

representative, the UNDP office or from the Fellowship Group, FAO, Rome.
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2.4.3 Other Learning Processes

Because the quality of research and training is related to the availability of information,

the Joint FAO/IAEA Division actively promotes information exchange on an international level.

This is done through conferences, symposia and seminars, advisory group panels, consultative

committees, and the issue of both technical and general documents which arise from these

meetings as well as from CRPs and technical cooperation projects. The coordination meetings

of the coordinated research programmes (CRPs) deserve special mention. The same contract

holders working on the same programme attend all the research coordination meetings (RCM).

This presents a unique opportunity for them to learn not only from the experts but also from one

another. It also gives the IAEA the opportunity to select exceptional contract holders they later

use as experts to assist others in their-region, thereby promoting technical cooperation among

developing countries (TCDC).

Publications relating to the Joint Division's own activities as well as the printed

proceedings of meetings are also made available in order to share information among scientists.

To date, more than 100 special technical documents have been produced. The Sections of the

Joint Division also maintain contact with scientists in Member States through the publication of

periodical Newsletters and Bulletins.

2.5 Financial Resources for Tecl

2.5.1 Technical Assistance and Cooperation Fund fTACF)

These are voluntary contributions made by Member States towards a target established

by the Board of Governors of IAEA and augmented by miscellaneous income. The fund

supports the regular programme of IAEA. This includes: (a) individual projects entailing expert

services, equipment, and fellowships that are annually approved by the IAEA Board of

Governors; (b) the major portions of the fellowship programme for individual training; and (c)

the training course programme for group training.

2.5.2 Extrabudgetary funds

These are cash contributions by Member States over and above those of the TACF.

Sometimes, they are used for the special programme, which consists of projects, usually large-

scale ones, that are identified jointly by donor and recipient countries.

2.5.3 Assistance in Kind

These are contributions made by Member States in the form of cost-free experts,

equipment, and fellowships. Along with extra-budgetary funds, they are used for projects under

the special programme.
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2.5.4 United Nations Development Programme (UNPP1

The IAEA is designated the executing agency for some of UNDP projects. The IAEA

receives funds from the UNDP for the implementation of these projects.

2.6

From its long experience, the IAEA has developed a multi-faceted approach to ensure that

assistance to Member States results in assured technology transfer. First, through advice and

planning, the IAEA helps to assess the costs and benefits of a given technology, determine the

basic requirements for its efficient use in conditions specific to the country, and prepare a plan

for its introduction.

Technology transfer usually proceeds from a source, normally in developed country, to

a recipient institute in a developing country. Technical experts are sent to research centres and

laboratories as advisers or lecturers; group and individual training is conducted in conjunction

with national host institutes; and equipment is supplied for research and technical projects in the

field. In parallel, appropriate training is provided in the form of interregional and regional

training courses, fellowships at leading scientific institutions, scientific visits or management

seminars. Through these and other avenues, the tools, skills, and experience that are vital for

the safe development of nuclear techniques are transferred to where they are needed.

Normally, technical cooperation is largely for the benefit of developing countries. The

IAEA conducts technical cooperation in terms offour geographical regions: Asia and the Pacific,

the Middle East and Europe, Africa, and Latin America. In Europe there are developed but also

developing countries like Bulgaria, Czechoslovakia and Hungary. In the Middle East, Israel is

a developed country. The developed countries of Asia and the Pacific region like Australia,

Japan and New Zealand have made significant contributions to their region. They provide

assistance in terms of finances, expertise, and the use of their physical facilities.

2.7 IAEA Performance in Technology Transfer

Many nuclear technology applications have moved from research laboratories to routine

use. This is evidenced by new and more productive species of important crops, new industrial

manufacturing processes giving higher quality and safer components, properly sterilized medical

products available throughout the world and improvements in the quality of health care as a result

of new diagnostic procedures and treatment. Within the nuclear technology field, isotopes and

radiation techniques have considerable potential to foster economic growth and improvements in

daily life. They elucidate the study of environmental pollution, determine groundwater

resources, analyze hormones, track animal and plant diseases, and are employed in examining
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materials used in construction. Isotopes and radiation play an important role in technologies used

in providing basic needs such as food, water and a satisfactory standard of health because these

methods have meant taster solutions to a number of practical problems, allowed a more direct

approach to others and in some cases offered the only way to solve them.

The projects and programmes of IAEA are carefully designed with agreed target dates,

to pool external assistance and a country's own resources into an organized effort, thus bringing

a specific nuclear application into actual use. A measure of the success of this approach is that

in the five years from 1985 to 1989, direct resources available to the IAEA for technology

transfer support grew rapidly from about US$ 36 million in 1985 to about USS 50 million in

1989. The yearly figures in Table 1 show an average year to year growth of about 8.5 per cent.

The voluntary contributions by Member States to the IAEA technical assistance and cooperation

fund (TACF), which is the major part of these rose from US$ 26 million in 1985 to USS 42

million in 1989. In the five-year period, utilized IAEA funds provided US$ 55 million for

training, USS 41 million for expert services, and USS 88 million for equipment and supplies.

The growth in volume of the projects in operation, the national, and regional/interregional

training courses held in the five years are also given in Table 1.

The primary objective of IAEA technical cooperation is to assist Member States in

achieving self-reliance in nuclear science and technology by strengthening human resources and

institutions. In 1989 alone 2144 expert assignments were undertaken. More than 2000

professionals benefitted from IAEA fellowship and training course programmes. Some 106

regional and interregional training courses were held providing 2189 persons about 4000 man-

months of training abroad. For training and expert assignments in 1989, IAEA funding provided

USS 16 million worth of equipment.
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Table 1: Total operating technical cooperation (TO Projects, national framing

courses, regional and interregional training courses, and total TC
resources in thousands of ITS dollars m the five years period 1983-1989

(Source: IAEA 1989 Annual Report)

Total operating projects

National training courses

Regional/interregional training courses

Total TC resources in US$ thousands

1985

833

34

60

$36100

1986

854

47

71

$39324

1987

962

45

64

$41487

1988

1009

67

88

$45593

1989

1135

82

106

$50088

Furthermore, as a result of IAEA's human resource programme a number of developing

Member States have already established appropriate infrastructures and have acquired the

capability to carry out, on their own, substantial parts of their nuclear programmes. Many of
them have organized national training courses and have played leading roles in regional and

interregional courses. The national courses have increased from 34 in 1985 to 82 in 1989.
Many developing Member States have also developed the capacity of their institutions to provide

training for IAEA fellows.

During 1989 a total of 1135 projects were in operation, 165 of which were completed.

New resources for technical cooperation grew by 9.9 per cent over the previous year, reaching

US$ 50 million for the first time. The TACF accounted for 74.5 per cent of all resources; 14.7
per cent was derived from extrabudgetary funds, 6.2 per cent UNDP, and 4.6 per cent from

assistance in kind. The total adjusted programme for 1989 was valued at US$ 66.7 million, an

increase of 10.7 per cent over the previous year.
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Table 2: IAEA technical cooperation (TO data for 1988 and 1989

(Source: IAEA Highlights of Activities 1989 and 1990)

IAEA Technical Cooperation Data 1988 1989

I. Number of projects in operation

3. Number of projects completed in the year

3. National training courses conducted

4. Regional and interregional training courses conducted

5. Number of persons who received training abroad

6. Total man-months of training received

7. Number of expert assignments undertaken

8. Percentage growth TC resources over previous year

9. Total resources in US million dollars

10. Percentage of T.A.C. Fund (TACF)

I1. Percentage of extrabudgetary funds

12. Percentage of assistance in kind value

13. Percentage of UNDP funds

14. Total adjusted Value TC programme in US million dollars

15. Percentage growth of (14) over previous year

16. Number of coordinated research programmes on 31 December

17. Number of contracts and agreements approximately

18. Percentage of all TC implementation in Asia and Pacific

19. Percentage of all TC implementation in Latin America

20. Percentage of all TC implementation in Middle East & Europe

21. Percentage of all TC implementation in Africa

22. Percentage of all TC implementation interregional

23. Percentage of all TC implementation global
24. TC disbursements in food and agriculture US million dollars

1009

_

67

88

1947

_

_

10%

-

75.7%

12.5%

5.1%

6.7%

US$60.2m

7.4% .

130

1600

25.5%

21.5%

20.6^:

16.4%

8.1%

7.9%

US$8.6m

1135

165

82

106

2189

4000

2144

9.9%

US$50m

74.5%

14.7%

4.6%

61%

US$66.7m

10i7%
135

1600

28.6%

22i7%

21.3%

; 19.1%
6.9%

1.4%

US$8.2m

The above figures for 1989 are compared with those of 1988 in Table 2, where additional

data are also given. The nuclear technology field in which the IAEA is able to provide
assistance is broad. The fields include: (1) nuclear power, (2) nuclear fuel cycle, (3) waste
management, (4) food and agriculture, (5) human health, (6) industry and earth sciences, (7)
physical/chemical sciences, (8) radiation protection, (9) safety, (10) safeguards, and (11)
direction, support. Food and agriculture which claimed about US$ 8.2 million of the total
disbursements in 1989, tends to be the highest with the close rival being physical/chemical
sciences. The lowest disbursement went to safeguards followed by (11) direction, support.
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CHAPTER 3

EXPERIENCES OF SOME OTHER REGIONS

We see from rows 18 to 23 of Table 2 that in both 1988 and 1989 the performance of

the regions in the implementation ofIAEA technical cooperation was in the following descending

order of magnitude: Asia and the Pacific, Latin America, the Middle East and Europe, with

Africa coming last. Relative to Africa region, the Asia and Pacific region performed better by

55.5 per cent in 1988 and 49.7 per cent in 1989; while the corresponding figures for the Latin

American region are 31.1 per cent in 1988 and 18.8 per cent in 1989. It becomes clear that

Africa can learn a lot from the Asia and Pacific region as well as from the Latin American

region. Consequently, we briefly present the experiences of these two leading regions. Because

our main interest is in food and agriculture, the brief accounts below may ignore brilliant

achievements in technology transfer in some of the 11 areas of operation listed in the last

paragraph of section 2.7.

3.1 Asia and the Pacific

The establishment ofthe IAEA's Regional Cooperation Agreement (RCA) ofthe countries

in the Asia and Pacific region in 1972 was a landmark in the development of the member States

through the application of nuclear technology. Subsequent development led to the first project

phase of the RCA being formally incorporated into the UNDP Fourth Programming Cycle of

1982-1986. The UNDP has continued support for RCA projects through phase II of the

Industrial Project (1987-1991) and two new food and agricultural projects. In the period 1986-

1989 project budgets increased from US$ 1.8 million to US$ 3.2 million.

During the period 1985-1989 there were many successful projects which achieved transfer

of technology to the benefit of the end users. These are mostly in the major areas of industry

and energy, food and agriculture, and medicine.

Industrial projects made the largest contributions to development in the region. Following

a technology development programme on the radiation vulcanization of natural rubber latex,

significant private investment in the technology is flowing into the Asia region. One commercial

product in Japan, namely protective gloves, is already being produced using radiation

vulcanization. Also Indonesia is producing surgical gloves and condoms using this technology.

Technology transfer in nucleonic control systems, which can measure key parameters in

many manufacturing and production processes has been acquired by a number of countries in the

region. Industrial installations have been made in Indonesia, Thailand, India and Malaysia and

is still spreading. Parallel to this, radiation curing technology in wood and allied industries is

being introduced with an ultraviolet curing facility installed in 1988 in Jakarta, Indonesia, in

addition to an electron beam facility which came into operation in 1984. The region is gradually
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harmonizing personnel certification in the field of non-destructive testing. In their plan for self-

sufficiency in non-destructive testing techniques, there were 5 courses and 30 trainees in 1987.

By 1989, there were 25 courses and 220 persons trained. Therefore, the RCA is not only

sustaining technical cooperation among Asian countries, but is also reducing the technology gap

between their developing and industrialized countries.

The agriculture sector has made much progress in plant breeding. In Punjab, for

instance, 25 per cent of the cotton growing area is now planted with a superior radiation induced

mutant variety. The RCA plant mutation breeding project has developed about 70 new varieties

of grain legumes.

In the buffalo project, isotope techniques played a crucial role in determining the life

cycle of a type of roundwonn (toxocara utolorium), which at one time was responsible for the

death of 30 to 40 per cent of calves in Sri Lanka. This led to the development of a cheap and

effective control strategy that saved the situation.

Irradiation reduces food wastage and food-borne diseases. The food irradiation project

in the region promotes cooperation in the use of nuclear technology to reduce food losses and

facilitate food trade. It is now entering its third phase. The first phase was mainly concerned

with scientific aspects, and the second phase with technology transfer to the food industry. The

third phase is concerned with food irradiation control and consumer acceptance to ensure the

success of the industry. The following countries of the region have food irradiation facilities:

Bangladesh (completion expected 1991); China (10 facilities); India (2 facilities); Indonesia (2

facilities); Japan; Korea: Thailand (2 facilities); and Vietnam. Of these 8 countries: China,

Indonesia, Japan, Korea and Thailand have commercialized food irradiation.

3.2 Latin American Region

The IAEA's agreement for the regional cooperation of Latin American countries was

formalized in 1984. It is known by its acronym ARCAL and now has 15 member States

participating in its programme. The 12 projects ofARCAL under way in 1989 represent priority

areas like agriculture, environment and radiation protection. In the main, they have high social

value built into their design.

At the present stage of the ARCAL, the development of infrastructures is very important.

With the support of IAEA to a network of institutions and qualified personnel, it has become

possible to develop the infrastructure facilitating the establishment of radioimmunoassy (RIA)

techniques for studies in animal reproduction RIA techniques, used in a livestock research project

at the small farm level, complemented traditional reproductive performance measures for milk,

meat and fibre producing livestock. This project also generated information on livestock
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reproductive efficiency and on local livestock crosses with temperate zone breed to increase

productivity. The great cooperation achieved by the ARCAL in this field is evidenced by the

first international ARCAL publication, entitled "Livestock Reproduction in Latin America", with

32 research papers by 135 researchers.

Water resources are of interest to many countries in Latin America and calls for

infrastructure development. The large scale project on the Amazon Basin ecology, operational

from 1979 to 1984 laid the foundation for further development in the environment field. The

work carried out by CENA in conjunction with IAEA is providing a sizeable impact on the

ecological management of the region. This large project has tapped the reserve funds of IAEA.

However, of the over US$ 2 million spent on the project, about 40 per cent comes from donor

countries, primarily Sweden. The Centre for Nuclear Energy and Agriculture (CENA) at

Piracicaba in Brazil, with the help of IAEA and UNDP, established an important research

infrastructure. This enabled CENA to develop from a small provincial laboratory to a major

national centre in agricultural research and ecological studies. Now a focal facility, it

collaborates with 52 other research institutes and universities, and about 150 government

institutions and research centres.

Some 12 ARCAL member States use environmental isotopes in water resource

investigations to determine hydrological system characteristics, such as precipitation, water

vapour, and surface water conditions. The results will help to evaluate how changing land usage

affects the environment. Using isotopes to explore geothermal energy sites is a key activity since

many countries in the region have considerable geothermal resources, especially Mexico and El-

Salvador. Scientists on an IAEA supported project in Lima, Peru, are using isotope techniques

to locate suitable aquifers to augment the water supply system.

In addition to the increase in livestock productivity above, there are more successes in

food and agriculture. Plant genetics and mutation breeding projects have developed improved

varieties of sorghum crops in Venezuela, and wheat and barley in Peru. The improved cereals

are more tolerant to the Peruvian highland environment, and have led to increased production

and lower imports. Guatemala, Mexico and Peru are applying the sterile insect technique (SIT)

to control or eradicate insects that cause crop damage or cause animal disease.

A coordination workshop in Piracicaba, Brazil in 1986 to identify topics for research and

development recommended food irradiation. Argentina, Bolivia, Brazil, Chile, Colombia, Costa

Rica, Ecuador, Guatemala, Paraguay, Peru, Uruguay, and Venezuela are collaborating in the

FAO/IAEA technical cooperation programme on food irradiation in Latin America, with the

acronym LAFIP, which came into operation in 1986. The research in LAFIP is focused on the

application of irradiation to reduce the post-harvest losses that are due to sprouting of root crops,

decay of fruits, and infestation of fruits and other agricultural commodities. Meanwhile,

feasibility studies of commercial irradiation in promising countries are being carried out.

Already, in the region, irradiation has been commercialized only in Argentina, Chile and Cuba.
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The wide application of nuclear techniques in many fields of research call for a high

standard of radiation protection. Towards this objective, the activities under way towards

harmonization and standardization of radiation protection procedures include: expert missions,

dosimeter intercomparisons, provision of equipment, legislation workshops, radiation protection

training and research. The stage appears to have been set for further development in the

application of nuclear techniques for social and economic progress of the region.

3.3 Lessons from the Experiences of Latin America, and Asia and the Pacific Regions

From the experience of the succeeding technology transfer in food and agriculture to the

Asia and Pacific region a kind of formula is emerging. The sequence of stages starts with a

request from a member State. The IAEA responds with expert advice and assistance in planning.

Then the IAEA provides training and equipment to counterpart institutes and qualified personnel

in various agricultural disciplines. Country projects are prepared and contracts are awarded.

As many as 30 individual country projects over a long time may be required.

When a substantial number of scientists have been trained and functional infrastructures

have been put in place, the national institutions can then absorb larger UNDP support, which

pulls together a number of scientific disciplines into an integrated programme. Success at this

stage needs some pre-requisites: (a) coordinated national planning with clear objectives; (b)

smooth cooperation between organizations, institutes and scientists; (c) coordination of the

activities at the national level; and (d) long-term sustenance of the efforts and pursuance of the

objectives.

AS the national and regional infrastructures improve, regional cooperation becomes more

important. Experience has shown that this requires a formal agreement under the aegis of the

IAEA for cooperation among member States in the region. Coordination meetings and regional

training are fostered. Coordinated regional programmes and projects are designed and executed.

Cooperation among developing countries, especially in same region, leads to mutual assistance,

pooling of resources, personnel and facility sharing, and exchange of experience. This also

encourages member States and even the IAEA to select experts from one developing country to

work in another developing country. The pre-requisites in the preceding paragraph also apply

to some extent at the regional level
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CHAPTER 4

EXPERIENCES OF TECHNOLOGY TRANSFER IN THE AFRICAN REGION

4.1 1ARA no the Situation in Africa

The following briefs are gleaned from various IAEA publications. The African member

States of IAEA are in vastly different stages of development and use of nuclear technology.

Consequently, since the first important step for a developing country is preparation of a sound

development programme, more emphasis is being placed in the region on project planning, pre-

project assistance, and radiation protection.

More planning work in the region is essential to ensure effective human resource

development and science infrastructure. Coordination meetings and group training have therefore

come to play a vital role. Technical assistance programmes tend to go to projects with a

common interest to a specific group of countries. This permits resource pooling to help solve

subregional problems: for example the Norther African fruit fly infestation study in Algeria,

Tunisia and Morocco; and hydrology studies in the Sahelian regions of Mali, Niger and Senegal.

The member States in the African region consider radiation protection a priority.

Consequently, the IAEA expanded the assistance it provides to African countries by drafting

proper regulations, and creating adequate systems to supervise and ensure their efficient

application. Seventeen African countries have been receiving IAEA assistance under national

projects in radiation protection in the past 5 years. The assistance covers such activities as

formulation of laws, regulations and codes, provision of radiation monitoring equipment,

calibration and dosimeter processing, and environmental sampling services. An interregional

project which provides missions by the IAEA's Radiation Protection Advisory Teams (RAPATs)

has also been of help. So for, 15 African countries have received RAPAT missions. Initially,

they assess the state of radiation protection and advice on the requirements for a sound radiation

protection programme.

In 1989 the African member States proposed the creation of a regional agreement called

the African Regional Cooperative Agreement (AFRA). This was approved by the IAEA Board

of Governors in February 1990. The current Chairman of AFRA is Ghana. The agreement will

broaden the scope for technical cooperation, in which there are many common problems, such

as difficult climatic conditions, power supply problems, and the lack of proper maintenance

facilities for nuclear equipment. Speaking to the 35th Session of the General Conference of the

IAEA on 16 September 1991, the IAEA Director General stated:
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"I am pleased to report that 12 countries in Africa have acceded to the African Regional

Cooperative Agreement (AFRA) since its inception. The AFRA programme started to

take shape in January 1991 after the Board's approval of seven (7) technical cooperation

projects for implementation under the umbrella of the AFRA agreement. Three of these

projects are still awaiting financial support and I invite member States to consider

supporting these projects".

It is hoped that, as in the case of Asia and the Pacific region, this formal regional

cooperative framework (AFRA) will be a landmark and lead African member States to display

the political will to take concrete steps to ensure further technology transfer and benefit to

society.

4.2 African Participation in Programmes and Projects

4.2.1 Overview of African Participation

Of the 113 member States of the IAEA listed in 1990, the following 27 are on the

African continent: Algeria, Cameroon, Cote d'lvoire, Egypt, Ethiopia, Gabon, Ghana, Kenya,

Liberia, Libyan Arab Jamahiriya, Madagascar, Mali, Mauritius, Morocco, Namibia, Niger,

Nigeria, Senegal, Sierra Leone, South Africa, Sudan, Tunisia, Uganda, United Republic of

Tanzania, Zaire, Zambia, and Zimbabwe.
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Table 3: Operational contracts in African member States of IAEA in the categories of technical cooperation

project (T); regional coordinated programme (CR); interregional coordinated programme (CI); arid

in classes of Dl = soil fertility, irrigation and crop production; D2 = plant breeding and genetics;

D3 = animal production and health; D4 = insect and pest control; D5 = agrochemicals aril

residues; and D6 = food preservation

Countries

Algeria

Cameroon

Cote d'lvoire

Egypt

Ethiopia

Gabon

Ghana

Kenya

Liberia

Libyan A.J.

Madagascar

Mali

Mauritius

Morocco

Namibia

Niger

Nigeria

Senegal

Sierra Leone

South Africa

Sudan

Tunisia

Uganda

U.R.

Zaire

Zambia

Zimbabwe

No. contracts

Dl

IT

IT

IT, 1CI

1CR,1CI

1CR,2C1

ICR

IT

IT

1T,1CR,2CI

IT

2T,2CR,2CI

1T,1CR,2CI

IT, ICR

ICR

2T,1CR

IT 1CI

ICR

1CI

IT

37

D2

1CI

2CR

1CI

ICR

1T,3CR,1

ICR

IT

2CR

IT

1T,1CR

IT

IT, ICR

IT

IT

22

D3

IT

IT, ICR

2T,2CR

1T,1CR,1CI

2T,2CR

2T,3CR

2T,2CR

1T,2CR

2CR,1CI

2T,2CR

1T,4CR

3CR

IT

2CR

IT, ICR

2CR

2T,2CR

1T,2CR

1T,2CR

58

D4

1CI

1CI

2T,1CI

1T,3CI

2T.1CI

1CI

1T,1CI

-

1T,1CI

IT

2T

1CI

21

D5

1T,2CR

1T,2CR,3C

I

2CR,2CI

IT, 2CI

-

-

2CR,1CF

IT.1CI

IT

2T

1CI

30

D6

IT, ICR

1T,1CR

ICR

ICR

ICR

IT

2CR

1CI

-

ICR

ic

13

7

4

10

14

6

0

21

13

0

5

!
c
J

\

9

0

5

20

7

3

\

4

5

9

10

3
li
7

ISJ
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Notes:

1. Cameroon has a technical cooperation project on establishment of an agricultural

laboratory not in Table 3 because it is classed as Do.

2. There are 5 technical cooperation regional projects: 1D1, 1D3, 1D4, 1O6 and one

computer training course. These are not in Table 3.

3. The following African countries not listed as IAEA member States enjoy contracts

as follows: Burkina Faso 1CR, Central African Republic 1CR, Chad 1CR, Gambia 1CR, Malawi

1CR, Mauritius 1CR, Mauritania 1CR, and Somalia 1CI. All the contracts are in class D3.

With information kindly provided by IAEA we have constructed the very informative

Table 3. In the entries, the first number shows the number of operational contracts followed by

letters to identify the category of the contracts as follows: T for country technical cooperation

projects, CR for regional coordinated research programmes, and CI for interregional coordinated

research programmes. The contracts are classified into six groups following the Sections of the

Joint FAO/IAEA Division. Class Dl is on soil fertility, irrigation and crop production; D2 is

on plant breeding and genetics; D3 on animal production and health; D4 on insect and pest

control; D5 on agrochemicals and residues; and D6 on food preservation.

The African member States hold a total of 181 operational contracts: 37 or 20.4 per cent

of them in class Dl; 22 or 12.22 per cent in D2; 58 or 32 per cent in D3; 21 or 11.6 per cent

in D4; 30 or 16.6 per cent in D5; and 13 or 7.2 per cent in D6. These may not correspond to

the numbers or percentages of the titles of projects or programmes but they indicate the numbers

or percentages of the institutes and participants and therefore the intensity of the exposure to

technology transfer. The major surprise is that the least participation is in food preservation, so

important in the African region. In their categories, 60 or 33.1 per cent of the contracts are on

country projects, 83 or 45.9 per cent are on regional coordinated programmes, and 38 or 21 per

cent are on interregional coordinated programmes. It would seem that country projects are still

very much needed in the present stage of development of nuclear techniques in Africa in order

to strengthen institutions and human resources. In particular, there seems a clear need for more

country projects in class D6 (food preservation).

The above analyses obscure the concern that more than half of the African member States

of IAEA hold no operational contracts in any of the last three classes D4, D5, and D6 of the

programmes and projects. Indeed, three of the countries hold not even one operational contract

and another three hold only one contract each. Only four countries: Egypt (14 contracts), Ghana

(21 contracts), Nigeria (20 contracts), and Zambia (11 contracts) have operational contracts in
all the six classes Dl to D6.
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4.2.2 African Participation in Soil Fertility. Irrigation and Crop Production (Dl)

In this class of programmes and projects radioactive and stable isotopes are used to detect,

measure and track fertilizer supplied nutrients in soil and plants, determine the availability of soil

moisture and study the natural process of nitrogen fixation. The objectives are to achieve greater

and more stable yields by improving water management, optimizing the use of fertilizers and

enhancing the biological fixation of atmospheric nitrogen by field crops. Of the 37 operational

contracts in this class held by Africans, 15 are on country projects, 11 on regional coordinated

programmes, and 11 on interregional coordinated programmes.

The regional African technical cooperation project on biological nitrogen fixation (BNF)

initiated in 1987 but not in Table 3, has the following main objectives: (a) to use the N-15

technique, exploit as fully as possible, the capability of various grain, tree and pasture legumes

to fix nitrogen and thus increase their yields as well as soil fertility; (b) to train scientists and

technicians in the use of N-15 isotope in BNF studies, and (c) to enhance collaboration between

member States scientists in the region for exchange of information and scientific experience. The

16 TC projects in 14 member States are distributed as follows: Algeria, Egypt, Ethiopia, Ghana,

Morocco (2), Niger, Nigeria (2), Senegal, Sierra Leone, Tunisia, Uganda, Zaire, Zambia and

Zimbabwe. In addition to the usual provisions of equipment, supplies and fellowship training,

a regional expert visits counterpart institutions to evaluate and give technical assistance to the

scientists and technicians in situ.

The Joint FAO/IAEA Division organized an interregional training course on "The use of

Isotope and Radiation Techniques in Soil/Plant Relationships" which took place from 21 May

to 28 June 1991 at the Seibersdorf Laboratory near Vienna. The seventeen participants from all

the four regions included four from Africa: Egypt (2), Ethiopia, and Kenya. The course was

pitched at a level useful to soil fertility and plant nutrition specialists. Interregional training

courses on various themes within the general title of the use of isotopes and radiation techniques

on soil/plant relationship studies have been held yearly at Seibersdorf Laboratory since 1978.

The Soil Science Unit of the Seibersdorf Laboratories is also actively engaged in

fellowship training as an effective means of transferring technology to developing countries.

Two categories of fellows are trained: analytical fellows and research fellows. The Soil Science

Unit provides the needed analytical services of plant, soil, and water fertilizer samples for over

100 research contract holders participating in the various programmes. Approximately, 15000

isotopic and related analyses were performed in 1988. In addition N-15 labelled fertilizer

required for carrying out the experimental plans is weighed out and dispatched to participants in

the CRP programmes. Laboratories in developing countries lacking appropriate facilities are also

helped with their analyses.
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The Soil Science Unit at Seibersdorf has trained a total of 243 participants from 72

member States in courses during 1978-88 and 90 scientific fellows during 1962-88 involving 635

man-months. Their breakdown according to regions is as follows: Africa 32 per cent of the

trainees and 18 per cent of the fellows; Asia and the Pacific 29 per cent of the trainees and 36

per cent of fellows; Latin America 26 per cent of the trainees and 27 per cent of the fellows; and

the Middle East and Europe 13 per cent of the trainees and 19 per cent of the fellows. Thus,

while Africa comes first in the number of trainees, she comes last in the number of fellows.

2.4.3 African Participation in Plant Breeding and Genetics (D2)

In this class of projects and programmes nuclear mutagen like gamma radiation are

applied to induce genetic variation. From the products the mutants with desired qualities like

higher yield, better quality plants, or resistance to diseases are selected. Now this approach is

being combined with new biotechnology for greater success and quicker results. Individual cells

or organized cell masses (tissues) are irradiated and whole plants are then grown from the

mutated cells. Of the 22 operational contracts in African member States in this class: 8 are on

country projects; 11 are on regional coordinated programmes, and 3 are on interregional

coordinated programmes.

The 10th annual interregional training course at Seibersdorf Laboratory near Vienna and

the Regional Workshop in Nigeria both of which took place in 1991 were reported as having

made significant contributions to technology transfer to member States in this field of applications

of nuclear techniques to food and agriculture. In this field, the end users are already enjoying

the product of the technology transfer especially in Asia and the Pacific region. For example,

China has released about 300 and India over 100 mutant varieties of seed crops, while Pakistan

has released a very successful variety of cotton. These mutant varieties are actively cultivated

by farmers in the countries.

In comparison, in Africa, Algeria has released one variety of soybean, and Egypt released

one variety of bean. Cote d'lvoire is reported as very active in this field and the IRAT 13

variety of rice she reieased is already being cultivated by farmers, and is of commercial

importance. Ghana like a number of other African countries has a programme in this field that

is yet to mature into the release of a recognized mutant crop variety.

Apart from the incorporation of biotechnology in this field, the Joint FAO/IAEA Division

is also beginning to change emphasis in another direction. The Division is looking into the

possibility of upgrading traditional but now neglected crops to levels profitability of modem

farming. Some recent research contracts and agreements include focus on the improvement of

root and tuber crops. Seibersdorf Laboratory is studying new plant breeding methods for tropical

crops like bananas, plantains, palms, cassava, yam, cocoa, tropical fruits and so on.
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The new breeding methods developed at Seibersdorf are transferred to tropical countries

where they are most needed. One of the most effective ways to transfer new technologies to

developing countries is by training young scientists. The Joint Division holds an interregional

training course on the use of induced mutations in plant breeding at Seibersdorf Laboratory every

year.

4.2.4 African Participation in Animal Production and health (P3)

The nuclear contribution to the three areas of interest in this class lies in the use of

isotope tracer techniques, (a) Isotopic labels are used to trace the elements and compounds in

animal feeds into the animal (mostly ruminant) and throughout the animal body into the animal

products and wastes. Most commonly C-14, P-32 and N-15 are used to study how efficiently

the rumen digests different kinds of feedstuffs, and how much of the protein in the diet it

absorbs. This leads to a determination of the best combination of locally available materials for

supplementing grass and straw for greater yield of animal products, (b) Radioisotope label,

especially 1-125 and H-3, is used in radioimmunoassay (RIA) which allows us to measure less

than one millionth of a gram per litre to monitor the levels of the reproductive hormone

progesterone. With information on how the ovaries react to different diets we are enabled to

improve reproductive efficiency (fertility), (c) The materials and method of diagnosing diseases

known as Enzime Linked Immunosorbent Assay (ELISA) are based on isotopic tracers. ELISA

is used to diagnose animal infections, study immune responses, and develop potential vaccines

to improve animal disease control. Of the 58 contracts in Table 3 in this class, 21 are on

country projects, 35 are on regional coordinated programmes; and 2 are on interregional

coordinated programmes.

The regional technical cooperation project in this class mentioned in Note 2 of Table 3

has the objectives, "To promote the use of RIA and related techniques in studies on livestock

reproduction, nutrition and health; and to facilitate regional cooperation and exchange of

information between countries in Africa." It commenced in 1985 and has continued to provide

expert services, equipment and training increasingly especially since 1991.

The ruminants important to Africa include: goats, sheep, cattle, buffalo, and camel. In

the past 9 years the IAEA has fostered work on these animals through various technical

cooperation projects, and coordinated research programmes funded by IAEA and the

Governments of Italy and the Netherlands. The work covers the intensive farming system often

found in northern Africa as well as small scale farming systems prevalent in countries like Egypt,

Ghana, Kenya, Niger, Nigeria, Uganda and Zimbabwe. Although the work has mainly collected

baseline data on production and reproduction, it has made some interesting findings and sorted

out types. In Kenya and Nigeria resistance to trypanosomiasis is a major determinant of

reproductivity. Resistant breeds maintain ovarian activity and reproduce effectively, but

susceptible breeds are less fertile and also tend to abort when pregnant. On the other hand, in

Egypt, Ghana, Uganda and Zimbabwe nutrition is the main constraint. An encouraging finding
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is that there are many highly reproductive indigenous small ruminants in Africa. These could

form the basis of further development.

It was thought that the large-scale vaccination campaign that began in 1962 wiped out

rinderpest in Africa. But devastating outbreaks of the disease began to occur again from about

1970. In 1982 a new massive vaccination campaign began. In the circumstance, it became

necessary to assess the success of the new vaccination strategies by determining the proportion

of animals that are adequately protected. The FAO's Reference Laboratory for Rinderpest at

Pirbright Laboratories, UK, and the IAEA's Seibersdorf Laboratories, Austria, developed a

simple, fast, and cheap ELISA kit for field work in Africa. A continent-wide network of 24

veterinary centres take part in Phase II of the Pan African Rinderpest Campaign (PARC) for

sero-monitoring of the vaccination campaign with ELISA kits. PARC is coordinated by the

Organization of African Unity (OAU). The network is supported through regional and national

IAEA technical cooperation projects and an FAO/IAEA/SIDA (Swedish International

Development Authority) coordinated research programme. This accounts for the preponderance

of contracts in class D3 of Table 3, and even involved African non-Member States of IAEA.

The phase I report from different countries showed livestock immunity, but the proportions

adequately protected varied. The sensitivity of the ELISA needed improvement for the next

phase towards eradication. An improved (competitive) ELISA based on a monoclonal antibody

and more sensitive has been developed at Pirbright Laboratories. It has been said that two

Nigerian specialists working at Pirbright as visiting fellows participated in the R and D that led

to the improved ELISA.

It has been reported that in 1991 the D3 Section of the Joint FAO/IAEA Division in

conjunction with the International Laboratory for Research on Animal Diseases (ILRAD) at

Nairobi, Kenya, developed an ELISA kit for rapid detection of trypanosomial antigens. The kit

has been distributed and validated in 14 key laboratories in Africa.

The Joint FAO/IAEA Division has promoted studies necessary to develop, validate, and

standardize, through international collaboration, simple robust kits which can be used for disease

control and surveillance operations in developing countries. Development work is continually

carried out to establish new tests as well as further refine and lower the costs of these kits.

Standardized ELISA kits, designed by Seibersdorf Laboratory specifically for use under tropical

conditions, are supplied worldwide for diagnosing important livestock diseases such as rinderpest,

brucellosis, babesiosis and trypanosomiasis. In 1988, over one million assay units were sent out

to be used in various projects.
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4.2.5 African participation in insect pest control (P41

The iasect and pest control Section (class D4) of the Joint FAO/IAEA Division uses

nuclear techniques to eradicate or control major insect pests of crops and livestock. Emphasis

is on the application of the sterile insect technique (SIT) as a major component of integrated pest

management systems. Radioactive and stable isotopes are also used in studies of insect

populations, ecology, movement and behaviour as related to control. Of the 21 operational

contracts in Table 3 in this class: 10 are country technical cooperation projects, none is on

regional coordinated research programme, and 11 are on interregional coordinated research

programmes.

The objectives of the one regional technical cooperation project in Note 2 of Table 3 in

this class are: to conduct surveys aimed at determining the extent of Mediterranean fruit fly

infestation and to evaluate economic losses caused by the fruit fly and benefits to be realized if

it is eradicated using the sterile insect technique as part of an integrated programme. The project

commenced in 1988. The expenditures on equipment and training have increased since 1991.

There was a regional training course at Kwabenya, Accra, Ghana, 7 May to 1 June 1990,

on the integrated control of tsetse flies with emphasis on the sterile insect technique, sponsored

by Government of Ghana, FAO and IAEA. It covered theoretical, laboratory and field work-.

Some 17 trainees attended from Cameroon, Cote d'lvoire, Gambia, Ghana, Kenya, Mali, Niger,

Nigeria, Tanzania, Togo, Uganda, and Zambia.

The tsetse fly, of which there are over 30 species and sub-species, is the sole vector of

trypanosomiasis in tropical Africa. Over 10 million km2 of land covering 36 countries are

infested with tsetse fly. In area-wide application of the SIT, it is important to use other methods

like trapping to reduce the native population of the target species before the application of SIT.

The higher the ratio of the sterile males to the native population males, the greater the chances

of the females mating the sterile males. The following campaigns have been operated in Africa

to control or eradicate the tsetse fly.

The campaign programme titled, "Integration of insect sterility and insecticides for control

of Glossina morsitans in Tanzania" operated from 1972 to 1980. The Government of the United

Republic of Tanzania and the USAID, in collaboration with the IAEA, tested the SIT against

mnsi'tans, a savannah species of tsetse fly io Tanzania.

The native population of the fly around Tanga and Mukwaga Ranch in Tanzania was

reduced with aerial application of insecticide in the 195 km2 target area, followed by the release

of sterile males. Immigration of insects from the surroundings hampered eradication ofthe target

species of tsetse fly.
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Another campaign programme titled, "BICOT: Eradication of Glossina palpalis palpalis

in Central Nigeria" operated from 1979 to 1987. The objective of the cooperative undertaking

between the IAEA and the Federal Government of Nigeria was: (a) to eradicate G.P. palpalis

from a semi-savannah area of central Nigeria using the SIT; (b) to develop appropriate

procedures for incorporating the technique into the regular tsetse eradication programme in

Nigerian and other African countries; and (c) to determine the economic feasibility and cost-

competitiveness of the SIT approach with existing tsetse control measures against the target

species. Traps and insecticide-impregnated screens were used to reduce the native population

of the target species by about 90 to 95 per cent before releasing the sterile males. Weekly

releases of sterile males over a 10 month-period eradicated the target pieces, G.T. palpalism

from the 1500 km2 project area around Vom. Immigration of flies into the cleared area was

prevented with insecticide-impregnated screens placed 50 to 100 m apart at vantage points along

the periphery.

Another campaign programme supported by Germany and France eradicated the tsetse

fly from an area of 3500 km2 pastoral zone in Burkina Faso. At the request of the Nigerian

Government, plans have been initiated to extend the BICOT project in Nigeria to cover an

additional 10,000 km2. In 1991 this project was reported as proceeding with difficulty. Plans

are being developed for large scale tsetse eradication projects in Ethiopia and Kenya. A number

of other African countries are preparing for eradication campaigns with SIT.

The New World Screwworm (NWS), Cochliomyia hominivoraz. a parasite of all warm

blooded animals, was discovered in north-west Libya in the autumn of 3988 by Libyan

veterinarians. The identification was quickly confirmed by British scientists and FAO. The

Government of Libyan A.J., FAO, UNDP, IFAD, IAEA, and the neighbouring countries of

Egypt, Sudan, Chad, Niger, Algeria, and Tunisia rallied to ensure that containment and

surveillance were immediately put in place and maintained. Unless immediately eradicated, this

grave potential disaster would surely quickly spread throughout North Africa, Africa south of

the Sahara and throughout much of the Mediterranean Basin. An eradication programme with

SIT was quickly prepared and initiated on 18 December 1990 with funds from FAO, UNDP,

IFAD, IAEA and some donor countries. The fearsome parasite was eradicated by April 1991.

However, monitoring continues and facilities for possible mopping up are in readiness. The

eradication is relatively easy because the infestation was nipped in the bud. In comparison, on

25 February 1991, Mexico was declared to be totally free of the New World Screwworm. The

eradication campaign had taken 19 years and an investment of USS 413 million by the

Governments of Mexico and USA. It may be noted that for the same area of North Africa,

Morocco, Algeria, Libya, and Tunisia have initiated a regional technical cooperation programme

to determine the feasibility of med fly eradication.

From 1962 to 1989 the insect and pest control Section of the Joint FAO/IAEA Division

produced 416 trainees from fellowships and training courses. These were not grouped into IAEA

geographical regions but into continents. Some 29.8 per cent of them come from the African
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continent, 38.2 per cent from Asia and Pacific, 18.8 per cent^^**?££*.J"£
cent from Europe! Most of the training courses took place at Gainsvilk, Ftawta.USA and
Seibersdorf, Austria. They account for 238 out of the combined total Of 416 trainees.

4.2.6 African Partiripation in Agrrehemicais and Residues (P5).

Modern agriculture relies heavily on chemicals in the form of fertilizers to boost
production and in the form of pesticides to suppress weeds and control insects. Excessive «*e
of these chemicals harms the environment, the non-target flora and fauna ^as weU as tood
SSL The agrochemicals and residues (D5) Section of the Joint FA0/1AEA Division uses
Ltopic tracers to study the behaviour, breakdown, and residues of agrochemicals in soil, water
plants, animals and their products. The objectives are to use the resulte to devise safer ways of
Lplying agrochemicals, and safer formulations of the agrochemicals that are more effective in
controffinipests, in promoting growth, and increasing production, and at the same time less
harmfiil to health and environment. The Section also studies the movements and effects of
radionuclides resulting from radioactive fallouts with the aim of reducing their harmfiil impact
on the food chain. Of the 30 contracts in class D5 of Table 3: only 3 are on country technical
cooperation projects in Algeria, Egypt and Kenya; while 17 are on regional coordinated research
programmes; and 10 are on interregional coordinated research programmes.

One regional coordinated research programme involving 18 scientists from 12 countries
in Africa commenced in 1990. Organochlorine pesticides have a broad spectrum and kill not
only the target pest but also beneficial and other non-target organism. Furthermore, because ot
then- persistence, they can also accumulate in food chains both within and outside the agricultural
ecosystem. The title of the programme is: "Adverse side effects on flora and fauna from the use
of organochlorine pesticides on the African continent".

The programme studies the effects of the pesticides on higher fauna and on the
agroecosystem, and the fate of the pesticides. The agroecosystems involved include arable and

vegetable crops, orchards and plantations.

The coordinated research programme titled, "Development of controlled-release
formulations of pesticides utilizing nuclear techniques", tested one of its formulations under field
conditions in Ghana, Kenya and Tanzania. One of its research coordination meetings took place

in Nairobi from 11 to 15 February 1991.

4.2.7 African Participation in Food Preservation (W)

Globally, about 1/3 of food harvest is lost from spoilage and disinfection by the time it
reaches the consumer. In developing countries, where tropical weather contributes to the
problem as much as 50 per cent is lost. Apart from deaths due to starvation in poor countries,

globally thousands of lives are lost due to food-borne diseases. In class D6 food products are
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irradiated for microbial disinfection, insect disinfection, control of pathogenic organisms and

parasites, reduction of microbial spoilage agents, delayed ripening and inhibition of sprouting.

The objectives are to curtail post-harvest food losses, diminish the incidence of food-borne

disease, extend shelf-life and facilitate trade in food and agricultural commodities, especially for

products that cannot be treated satisfactorily by other methods, such as canning and freezing.

The Table 3, of the 13 contracts in class D6: three are on country technical cooperation projects,

9 are on regional coordinated research programmes, and only one is on interregional coordinated

research programme.

In order to assess the role of irradiation as a method of reducing post-harvest food losses,

the FAO and IAEA sent two exploratory missions to 8 African countries in 1986. These

missions recognized the potential role of irradiation and recommended to the FAO/1AEA to take

immediate actions for implementing this technology in the region.

Consequently, a regional seminar on Food Irradiation for African countries was convened

by FAO/IAEA at the African Regional Centre of Technology, in Dakar, Senegal from 15 to 19

February 1988. The objective was to inform leading scientists, government officials and industry

representatives in Africa on the safety, applications and benefits of food irradiation. In the

seminar, emphases were: (a) to inform participants on the practical application of food irradiation

in reducing post-harvest food losses, improving hygienic quality of food and enhancing export

potentials of certain agricultural products; and (b) to document the post-harvest food losses from

country reports of African experts.

Some 40 participants from 14 African countries attended the seminar including invited

speakers from Canada, Egypt, France, Israel, Nigeria and the USA. They presented 42 papers

covering all aspects of food irradiation. The reports showed post-harvest losses of about 40 per

cent of grains and 50 per cent of yams. The seminar recommendations demonstrated the resolve

that food irradiation must be brought to bear on this problem.

Following the keen interest shown by African countries, the Joint FAO/IAEA Division

in 1988 implemented a coordinated research programme on the "Application of Irradiation

Technique for Food Processing in Africa" on which Algeria, Cote d'lvoire, Egypt, Ghana,

Libya, Nigeria (2), Uganda, Zaire and Zambia held contracts. The first research coordination

meeting (RCM) held at Algiers, Algeria, 13 to 17 November 1989 developed plans for a

Regional Food Irradiation Programme for Africa and strongly recommended its establishment

with the participation of as many African countries as possible. It requested the assistance of

IAEA in the implementation of these proposals. The second research coordination meeting of

the CRP took place at Legon, Accra, Ghana from 8 to 12 April 1991.
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The recommendations of the Algiers meeting of November 1989 were very fruitful. It

contributed to the establishment ofthe African Regional Cooperative Agreement (AFRA). It also

ensured that food irradiation was very high in the agenda of AFRA. The class D6 regional

technical cooperation project in Note 2 of Table 3 was approved in 1991 as the second project

under AFRA. Its objectives are to assist participating countries in the AFRA Agreement to

organize a regional training course on radiation processing of food-stuffs. Such a training course

is likely to take place November/December 1992.

Thus in the transfer of technology in food preservation, the African region is still in the

early stages of Phase I; at a time when Asia and the Pacific region is in Phase III, having already

transferred the technology to industries and is wooing consumer acceptance; and Latin American

region is in Phase II. However, in the African continent there are some spots brighter than the

regional outlook.

One of the two groups of experts the Joint Division sent to 8 African countries in i986

evaluated the infrastructures required for developing food irradiation programmes. As a follow

up, the Joint Division sent a Pre-investment Mission on Food Irradiation to Cote d'lvoire, Ghana

and Nigeria. The experts confirmed the potential role of food irradiation processing and

observed the interest of private entrepreneurs in investing in this technology. The plans of all

the three countries to acquire commercial size irradiation facilities have reached advanced stages.

Meanwhile, institutions in Algeria, Cameroon, Cote d'lvoire, Egypt, Ghana, Libya, Morocco,

Niger, Nigeria, Senegal, Sudan, Zaire and Zambia have expressed strong interest in collaborating

in food irradiation research.
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Table 4: Countries with Irradiation Facilities

Available for Food Processing (March 1992)

Underlined facilities are under construction or planned

Underlines countries are irradiating food for commercial use

Country Location

(starting date

for food

irradiation Products Country

Location

(starting date

for food

irradiation

Products

Algeria

Argentina

Bangladesh

Belgium

Brazil

Mascara (1992)

Buenos Aires (1986)

Chittagong

(expected

completion:

end of 1991)

Fleurus (1981)

S<Co Paulo (1985)

Sao Paulo (1992)

Potatoes,

Spices,

spinach,

cocoa powder

Potatoes,

onions,

dried fish,

pulses,

frozen

seafood,

frog legs

Spices,

dehydrated

vegetables,

deep frozen

foods

Spices,

dehydrated

vegetables

Cuba

Denmark

Finland

France

Havana (1987)

Riso (1986)

Ilomantsi (1986)

Lyon (1982)

Paris (1986)

Nice (1986)

Vannes (1987)

Marseille (1989)

Avignon (1992)

Normandy

(1991)

Sahte-Sur-Sarthe

(1992)

Potatoes,

onions,

beans

Spices

Spices

Spices

Spices,

poultry

Vegetable

seasonings

Poultry

(frozen

deboned

chicken)

Spices,

vegetable

seasonings,

frozen frog

legs, shrimp

Soft cheese



Canada

Chile

Thina

C6te dMvoire

lagan

Mexico

Laval (1978)

Santiago (1983)

Chengdu (1978)

Shanghai (1986)

Zhengzhou (1986)

Nanjing (1987)

Jinan (1987)

Lanzhou (1988)

Beijing (1988)

Tienjin (1988)

Daqing (1988)

Jianou (1991)

Abidjan
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Hokkaido (1973)

Seoul (1986)

Mexico City (1988)

—1.1 II '

Spices

Spices,

dehydrated

vegetables,

Anions

potatoes,

poultry meat

Potatoes,

ealic.

apples,

spices,

onions,

Chinese

sausage,

Chinese wine

Yams, cocoa

beans

Potatoes

Garlic Powder

Spices and

Condiments

Spices and dry

food ingre

dients

—

Hungarv

India

Indonesia

Iran

Israel

USA

i —

Budapest (1982)

Rudapest

Cochin

Pasr Jumat (1988)

Cibitung (1992)

Tehran (1991)

Yavne (1986)

Yavne

Rockaway, NJ,

(1984)

Whippany, NJ,

(1984)

Irvine, CA,

(1984)

fiainsville. FL.

(1992)

Ames. IA (1992)

Mulberry, FL

(1992)

Spices

onions,

wine cork

Enzyme

Spices

Onions

Spices

Spices

Spices,

condiments,

dry ingre

dients

Spices

Spices

Spices

Strawberries
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Netherlands

Norwav

Philippines

Poland

South Africa

Thailand

Ukraine

United

Kingdom

Ede (1981)

Kjeller (1982)

Quezon City (1989)

Warsaw (1984)

Wlochy (1991)

Poznan (1992)

Przysucha

Lodz (1984)

Pretoria (1968)

Pretoria (1971)

Pretoria (1980)

Tzaneen (1981)

Kempton Park (1981)

Mulnerton (1986)

Bangkod (1971)

Patumthani (1989)

Odessa (1983)

Swindon (1991)

Spices, frozen

products,

poultry,

dehydrated

vegetables,

rice, egg

powder,

packaging

material

Potatoes,

onions

Fruits

Spices, meet,

Fish, chicken

Fruits, spices,

onions,

potatoes

Processed

products

Fruits, spices,

potatoes,

onions,

Onions,

Fermented pork

sausages,

enzymes

Grain

Spices

Viet Nam

Yugoslavia

Hanoi (1991)

Zagreb (1985)

Belgrade(1986)

Black

pepper
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Table 4 from IAEA gives the latest reliable information on countries with irradiation

facilities available for food processing as at March 1992. It shows that African continent entries

are Algeria and Cote d'lvoire whose facilities are under construction, and South Africa whose

6 facilities are irradiating food for commercial use. We may supplement this with information

from two new visits to Cairo, Egypt. In the early 1970s the "Gamma Irradiation Facility Mega

Gamma-r, originally 0.5 Mcuries, was constructed at the National Centre for Radiation

Research and Technology (NCRRT), of the Atomic Energy Authority, at Nasr City in Cairo,

Egypt. It is capable of commercial food irradiation but is currently concentrating on the

commercial irradiation of medical products. The authorities of the Centre described their food

irradiation programme as being at the research stage. It was only on 20 to 22 October 1990 that

the "First Egyptian Seminar on Irradiation for Decreasing Food Losses and Food Disinfection"

was held. In 1987, the NCRRT installed an electron beam facility for irradiation. By May 1992

this facility was still not operational. It was explained that on test runs, it was found that parts

of the machine malfunctioned under tropical conditions. It has not been possible to solve the

problem since then.

Food irradiation has been studied for over 40 years but it is still facing problems of full

commercialization and international trade. There are two main causes of the problems: (a) the

fear anything connected with atomic energy strikes in the minds of people; and (b) the lack of

internationally accepted regulations. We now sketch the key landmarks on the regulation of

irradiated food.

1961: In Brussels, the IAEA, FAO, and WHO jointly convened the first international

meeting devoted exclusively to scientific data on the wholesomeness of irradiated food and its

legislative aspects. Attended by representatives from 28 countries, the meeting recommends

establishment of a Joint Expert Committee on Food Irradiation (JECFI) by the three

organizations to review tests and to advise on the wholesomeness of irradiated foods.

1969: In Geneva, an expert committee convened by the FAO, WHO, and IAEA grants

temporary approval of irradiated potatoes, wheat, and wheat products up to specified dose levels.

1970: The FAO, IAEA, and Organization for Economic Cooperation and Development

(OECD), with advice from WHO, jointly form the International Project in the Field of Food

Irradiation to extensively evaluate the safety of a broader range of irradiated foods. Twenty-four

countries take part in the project, which lasts 12 years. None of the studies shows any indication

that irradiated foods contain radiation-produced carcinogens or other toxic substances.

1976: Up to specified dose levels, five different irradiated food products (potatoes,

wheat, papayas, strawberries, and chicken) are given unconditional approval by the JECFI

meeting in Geneva. Four others (onions, rice, fresh cod, and red fish) are given provisional

approval.

1980: Following reviews of more studies and tests, JECFI meets in Geneva. Based on

thorough evaluation of the scientific data, it concludes that "the irradiation of any food

commodity" up to an overall average dose of 10 kilogram (one million rams) "presents no
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toxicoiogical hazard" and requires no further testing. It states that irradiation up to 10 kilogram
"introduces no special nutritional or microbiological problems" in foods.

1982: At the request of FAO and WHO, the Board of International Committee on Food

Microbiology and Hygiene of the International Union of Microbiological Societies reconsiders

the evidence for the microbiological safety of food irradiation. The Board endorses JECFI's
findings and concludes that food irradiation does not present any additional microbiological

hazards to health.

1983: JECFI recommendations are adopted by the Codex Alimentarius Commission, a

joint FAO/WHO body that sets world standards for food safety and trade. The Commission
incorporates the recommendations into its Codex General Standards for Irradiated Foods and

issues a Recommended International Code of Practice for the Operation of Irradiation Facilities

used for the Treatment of Food.

1984: More than 20 countries form the International Consultative Group on Food

Irradiation (ICGFI) under the auspices of the FAO, WHO, and IAEA to focus on aspects of
International trade, economics, legislation, regulation, and public information.

1986: After decades of tests and study, the US Food and Drug Administration (FDA)

legalizes irradiation of a wide range of food products, mostly fresh fruits and vegetables, up to
specified dose levels for the purpose of shelf-life extension and pest disinfection. The move is

regarded as a major regulatory step in view of the United States* impact on global markets. The

FDA rules also raise the allowable dose levels for irradiation of herbs and spices (legalized in

1983) and incorporate previous approvals for other foods, including pork for trichinae control,

and white potatoes, wheat, and wheat flour.

1986: The Scientific Committee ofthe Commission of the European Communities (CEC)

affirms the view that further animal testing to ascertain the safety of irradiated foods is not

necessary, and endorses the findings and conclusions of JECFI in 1980.

1988: The Commission of the European Communities agrees on 30 November 1988 to

a proposal for a directive on the control of the irradiation of 14 food items or groups of food.

Given the consensus of scientific opinion that foodstuffs irradiated under controlled conditions

are wholesome, the Commission considers that national legislation could not obstruct the free

circulation of correctly labelled foodstuffs legally irradiated and placed on the market in another

Member State.

1988: An International Conference on the Acceptance, Control of and Trade in

Irradiated Food, is jointly convened by FAO, IAEA, WHO, ITC-UNCTAD/GATT in Geneva,

Switzerland, 12-16 December 1988, and attended by 220 experts delegated by 57 countries and

34 observers representing 13 intergoveniment and non-governmental organizations. The

Conference adopts an "International Document on Food Irradiation", by consensus, that outlines

steps to be taken with regard to acceptance and control of international trade in irradiated foods.
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The 1983 Codex General Standards recommended: (a) Three sources of radiation for food

irradiation being gamma-rays from Co-60 or Cs-137; and X-rays generated by machine sources,

operated at or below the energy level of 5 MeV. (b) Electrons generated by machine sources

operated at energy levels not exceeding 10 MeV. (c) The absorbed dose of any irradiated food

should not exceed 10 kGy.

The term of ICGFI has been extended for another 5 years. In 1989, the Governments

of Belgium, Brazil, Cote d'lvoire, Ecuador, Ghana, Greece, and the United Kingdom became

members of ICGFI, bringing the total membership to 33. The achievements of ICGFI justify

the extension of its existence, with the hope of continued achievements.

About 38 countries have approved one or more irradiated food items for human

consumption, making a total of about 40 different items. Of these the 26 countries irradiating

food for commercial use are underlined in Table 4. The impetus the international regulations

have given to country approvals are evidenced by the sharp increase in approvals from 1980 to

1991. In the listing below of the countries that have approved irradiated food for human

consumption, the countries underlined are irradiating food for commercial purposes.

1950s to 1969: Canada. Hungary. Israel. Netherlands, Spain, United Kingdom. USA.

Total 7.

1970 - 1979: Bulgaria, Chile. Czechoslovakia, France. Italy, Japan. Philippines, South

Africa. Thailand. Uruguay. Total 10.

1980 - 1991: Argentina. Bangladesh, Belgium. Brazil. China. Cuba, Denmark. Finland.

Germany. India, Indonesia. Iran. Korea. New Zealand, Norway. Poland,

Yugoslavia. Pakistan, Mexico. Syria, Ukraine. Total 21.

The food irradiation process does not physically change the appearance, shape, or

temperature of the products. Consequently, it is difficult to determine whether irradiation has

in fact been done. The IAEA and other organizations are working to ensure that post-treatment

control of irradiated food is based on documented procedures such as agreed system of labelling,

identity of each batch of irradiated food and the facility where it was treated. This should not

only inform consumers but also encourage international trade in irradiated food.
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CHAPTER 5

DISCUSSION AND RECOMMENDATIONS

5A Discussions with African Scientists

During visits to selected countries, the following questions were asked.

1. Relate your activities and experiences within your special field in the applications
of nuclear techniques to food and agriculture.

2. Do you have any relevant documents to give?

3. How and from where did you acquire your specialized training and technology?

4. Are you involved in any activities of technology transfer to others ranging from

your colleagues and trainees to the end users?

5. Can you give any examples of the impact on your country or on society in general
made by the activities of yourself or your institution in the field of your specialization?

6. Assess the appreciation and support of your work and your institution by the

Government of your country.

7. How do you rank Africa in comparison with other regions in your field of
specialization?

8. How do you rank your country in comparison with other countries in Africa in
your field of specialization?

9. Do you wish to make any suggestions or recommendations?

These specific questions enabled the focusing of the discussions on experiences in
technology transfer and acquisition. A selection of the salient points that emerged from the

discussions which have not already been used in the report, follow.

Most of the Africans discussed with, acquired their specialized training from abroad,

usually from Europe or USA. This is not surprising in view of the limited facilities in African

institutions for advanced work in the area of our interest. Even those that got IAEA fellowship
awards are more likely to have gone to institutions abroad.

The answers to question 4 have many facets. The individual's activities to transfer
technology to others depend on his institution and field of specialization. The university teachers

transfer technology to their postgraduate students taking diplomas and higher degrees.
Occasionally they are also involved in teaching trainees on short term specialized or in-service
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training courses both in the national and international settings. The university specialists also

conduct training courses for industry from time to time.

The experience of specialists working in government institutes and laboratories is not quite

the same. These rarely pass their knowledge to postgraduate students unless they hold part time

appointments in local universities or some postgraduate students temporarily utilize their

laboratories for practical work. However, these government scientists tend to have greater

opportunities of teaching in-service training courses. Examples were given in the non-university

government institutions visited.

The issue of transferring their technology to industry, or transferring the products of

technology to end users depends a lot on the field of specialization. For example, it is a lot

easier to get farmers to plant new mutant cultivars than to transfer food irradiation technology

to industry. However, it should be clear from sections 2, 3, and 4 above that at the present level

of development of nuclear techniques in food and agriculture in African region, in most areas

of specialization, the currently operative phase is the transfer of technology from industrialized

countries to African institutions and resource persons, to prepare them for transferring the

technology to industry and end users at a later phase. In straightforward cases like adopting

improved management systems of irrigation water, fertilizer application, monitoring livestock

health, pesticide spraying, or the planting of new seeds and cultivars, there should be little

problem of transferring the technology to end users. Practical examples are the rinderpest

monitoring with EUSA and the cultivation of the mutant variety of rice IRAT 13 released by

Cote d'lvoire in which there have been no problems of reaching the end users.

On question 5 only the veterinary virologists in Nigeria were able to demonstrate their

impact. They have developed a livestock vaccine that has gone into use and for which the

institution received a national award. One of them, a virologist at the University of Ibadan, is

frequently on call to control outbreaks of livestock disease epidemics in Nigeria as well as in

other countries in Africa. His missions to other African countries are mostly at the request of

international organizatioas contacted by the affected countries. However, the tools of his trade

are not always necessarily based on nuclear techniques.

On question 6, with the exception of Ghana, the scientists interviewed feel very strongly

that their governments are not giving the right priority to research and development (R and D).

They suggest that the governments are unaware of or simply ignore the contributions science and

technology can make to national development and the lives of the people. Some seem to be

reaching the point of frustration. On the other hand at the Ghana Atomic Energy Commission

compliments were paid to the Government for its support and commitment. Changes for the

better were noticeable-

No scientist interviewed had any problem in ranking Africa last among the geographical

regions adopted the IAEA.

No scientist interviewed was able to answer question 8 without quibbling. A typical

answer would analyze the strong and weak points of some African countries but fall short of

ranking them. In most cases Nigeria was rated as having a large body of well trained and highly
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qualified human resources but does not seem to have national coordination to exploit their

capabilities. In one country outside Nigeria, there was expression of disappointment that Nigeria

was not giving the leadership expected of her in the fields of nuclear techniques in food and
agriculture.

On question 9 the suggestions tended to degenerate to requests for funding from ECA and
OAU, either directly or by encouraging their Member States to pay more attention to science,
and technology as well as R and D.

5.2 Recommendations

The underdevelopment of Africa in nuclear techniques causes concern not only because
of the yawning gap between Africa and the developed countries, but also because of the big gap

between Africa and other developing regions. A carefully considered and well planned response
is urgently needed. This plight is not irredeemable. The lack of financial resources is not a
terminal problem. In the fields of nuclear techniques for food and agriculture, basically, the task

is developing the capacity to absorb potentially available aid and technology transfer to enable
Africa exploit her natural resources.

Recommendation 1:

The ECA should spearhead the development of a carefully considered and well planned
strategy to boost the capacity of African countries to absorb the potentially available technical

aid and technology transfer in the fields of the application of nuclear techniques to food and
agriculture.

The first element in the strategy to boost the capacity in nuclear techniques is the
development of human resources. The baseline data should identify the existing qualified
manpower and their locations.

Recommendation 2:

The ECA should develop an up to date directory, with the contact addresses, of the
leading African scientists and technologists in the fields of nuclear techniques in food and
agriculture.

The second element in the strategy to boost the capacity in nuclear techniques is the eve
development of institutional infrastructures. The baseline data should identify the existing
institutions in Africa relevant to nuclear techniques and their locations. This together with the

human resource directory recommended above can be initially cheaply compiled from the

directories of a number of other organizations. Where information on their facilities is available,
this should be recorded.
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Recommendation 3:

The ECA should develop an up to date directory, with the contact addresses, of African

institutions relevant to nuclear techniques.

Although the IAEA sends information and Newsletters on its fellowships and training

courses to Member States, experience shows that they mostly end up on the desks of Government

Ministry Officials and never get to the scientists eager to get the training. Some scientists who

had already participated in IAEA activities may also be contacted by IAEA. There is the great

need to reach more scientists who may not have already benefitted from IAEA technology

transfer activities.

Recommendation 4:

The ECA should widely disseminate to African scientists and technologists the

information on fellowship, scientific visit and training course awards available from IAEA and

FAO as well as information on how to obtain the forms of application.

In the modern world, development and flourishing economy are completely dependent on

technology based on science. It is therefore unrealistic for the Government of any country to

think that it can achieve sustained development of the country without commitment to and heavy

investment in research and development together with the science and technology necessary to

support them.

Recommendation 5:

The ECA may wish to use its good offices to prod its Member States to muster greater

commitment to and investment in science and technology, as well as research and development.

In particular, the Member States should patronize the development of their institutions and human

resources through technical cooperation and assistance in the fields of nuclear techniques,

including the encouragement and endorsement of applications, as indeed these are at little or no

cost to the Governments.

Table 3 reveals very uneven participation among African countries in the processes of

technology transfer in the fields of nuclear techniques in food and agriculture. This cannot be

completely explained by the sizes and resources of the countries.

Recommendation 6:

The ECA may wish to consider urging greater participation by any of its Member States

with less than, say, five contracts on the programmes and projects of the Joint FAO/IAEA

Division.

For effectiveness, the IAEA limits the participants at a course to not more than 20 and

often only about 17 trainees. This is shared by a continent or larger in a regional training course

and by the whole world in an interregional training course. These points of light may become
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too few per country and unable to provide sufficient illumination especially in large countries.

The IAEA (raining courses need to be supplemented to create a critical mass of trained

personnel. Therefore, regional and national training courses are vital. However, the planning

and organization of such training courses, especially at the present stage of Africa, should be in

full consultation with the Joint FAO/IAEA Division. Initially, such training courses may be

coordinated by the EGA or the AFRA structure or the Joint FAO/IAEA Division. The countries

may later take over after they have been sufficiently strengthened.

Recommendation 7:

The EGA should sponsor or at least catalyze the holding of regional and national training
courses in the fields of nuclear techniques in food and agriculture.

At the Joint FAO/IAEA Division in Vienna, the small number of contracts held by

Africans on food preservation was attributed to the limited infrastructural facilities in Africa,

this limitation of infrastructural facilities also hampers the transfer of technology to Africa in all

the other fields of nuclear techniques in food and agriculture. The impediment in the different

fields of nuclear techniques is simply a matter of the degree.

Recommendation 8:

The ECA should sponsor or at least canalize the development of institutional

infrastructural facilities in various fields of nuclear techniques in as many African countries as

possible.

The coordinated research programmes are chosen by the IAEA. If the ECA decides the

field of nuclear techniques in food and agriculture it wishes to sponsor, this may be discussed

with the Joint FAO/IAEA Division. The two bodies may negotiate a suitable African regional

coordinated research programme in the selected field to be executed by the IAEA.

Recommendation 9:

The ECA may decide a field of nuclear techniques in food and agriculture it wishes to

promote with a clear objective in mind and negotiate with IAEA, with a view to agreeing on an

African regional coordinated research programme to be executed by the Joint FAO/IAEA
Division.

It is absolutely imperative that any use of radiation or radioactive materials must be

monitored with high standard regulations and equipment for radiation safety. It is heartening that

17 African countries have been receiving IAEA assistance in radiation protection and 15 have

received RAPAT missions (Section 4.1). That notwithstanding, it is always necessary to make
sure.
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Recommendation 10:

The ECA may wish to ensure that any of its Member States taking part in the application

of nuclear techniques to food and agriculture or that is in any other ways making use of atomic

radiation or radioactive materials has regulations and monitoring in place for radiation protection.

The emphasis in a new direction whereby the IAEA has planned to work on upgrading

the profitability of traditional tropical crops is exciting. These tropical crops like bananas,
plantains, palms, cassava, yam, cocoa, groundnuts, cocoyam, tropical fruits and others constitute

the mainstay of many small scale rural farmers. Their neglect has been a great blow to rural

communities. Any break through in their production will make a great salutary impact on many

rural communities and countries. They should pose no problem of acceptance by or transfer to

small scale rural farmers.

Recommendation 11:

The ECA should watch this development in the upgrading of the traditional tropical crops

and decide if and when to be actively involved.

Because of the enormous post-harvest food tosses in Africa, food irradiation is

undoubtedly of great interest to Africa. However the level of development of most African

countries in this field is evidently low. It should also be noted from Table 4 that very little work
has been done on the food items of great importance to most African countries. The field must

be attacked with vigour, but a lot remains to be done, and it will take quite some time before

it makes noticeable impact on the rural communities.

Recommendation 12:

The ECA should make notable contribution to the fulfilment of the great interest many

African countries are indicating in food irradiation and which the AFRA Agreement is picking

up. However, a great practical impact of food irradiation in Africa may not be expected so

soon.

The ECA undoubtedly has its traditional sources of fimding. However, the sources of

funding in Section 2.5 may also be noted. When the ECA decides on what and how to

implement in the fields of nuclear techniques in food and agriculture, it needs to prepare a

convincing proposal with clear objectives for funding. One option may be to approach UNDP

for funding.

Recommendation 13:

When the ECA decides on what and how to implement in the fields of application of

nuclear techniques to food and agriculture, it may wish to consider negotiating with UNDP or

some other source for funding.


