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Introduction 

The benefits of the peaceful uses of nuclear 
technology are realized every day in 

hospitals, industries, farms, and universities 
worldwide. As nuclear technology has ex
panded, so have the benefits associated with its 
applications. 

The IAEA encourages the use of nuclear 
energy in national and regional efforts to foster 
sustainable, economic, and social develop
ment. In the Latin American region, nuclear 
technology is applied in numerous areas and 
has helped to improve the quality of life of the 
people in the region in a variety of fields. 

Against a background of use since the 
middle of this century, it was recognized that 
nuclear technology could be used to solve 
problems common to developing countries, 
including those in Latin America. In agriculture 
and health, and to a lesser extent in industry, 
hydrology, and other fields, nuclear techniques 
can contribute to solving similar problems 
found in the region. 

The IAEA has provided technical assistance 
to developing countries in the region for 
decades. Argen'ina, Brazil, and Mexico are 
more advanced in the nuclear energy field; 
while countries such ai Colombia, Chile, Cuba, 
Ecuador , Paraguay, Peru, Uruguay and 
Venezuela have attained an intermediate level. 
Smaller countries, including as Costa Rica and 
Guatemala, are starting enthusiastically to 
develop programmes to introduce the use of 
nuclear technology. 

In recent years, regional activities have as
sumed greater importance in Latin America, 
particularly in areas of common need such as 
nuclear information, radiation protection, and 
maintenance of instruments used in nuclear 
research and related studies. Training is em
phasized in these projects, which make use of 
the infrastructure that to a good extent has been 
built up through national technical assistance 
projects supported by the Agency. 

Numerous training programmes, workshops, 
and seminars have been conducted in the 
region, many at established national centres, 
and in a language that is common to most of 
the region. Emphasis has been placed on im
proved use of existing facilities and equipment. 

Regional activities provide several ad
vantages to countries in the region. They 
enable valuable resources to be used more 
effectively: experts can advise counterparts in 
several countries during the same assignment, 
equipment can be purchased more economi
cally in large quantities for several laboratories, 
and training can be organized regionally at 
lower cost and in the mother tongue of par
ticipants. Regional planning accelerates self-
sufficiency in scientific disciplines and 
appropriate technologies by combining intel
lectual and physical resources. 

In the early 1980s, several Latin American 
countries decided to combine efforts in specific 
activities where nuclear applications reached 
higher levels of use in the region. The ARCAL 



programme was conceived marking the first 
crucial step in an effort to promote such 
regional co-operation and integration in the 
nuclear field and to solve technological 
problems common to Latin America. 

ARCAL (Regional Co-operative Arrange
ments for the Promotion of Nuclear Science and 
Technology in Latin America) has fifteen par
ticipants today (Argentina, Bolivia, Brazil, 
Chile, Colombia, Costa Rica, Cuba, Ecuador, 
Guatemala, Mexico, Panama, Paraguay, Peru, 
Uruguay, and Venezuela), and has completed 
its first 5-year phase (1985-89). 

Projects are tailored to regional interests in 
basic applications of nuclear techniques, re
search, analytical or isotope production techni
ques , or to the appl icat ion of se lected 
techniques in specific fields such as agriculture 
or medicine. 

countries (TCDC/ECDC) 
has b e e n he igh tened 
through the participation 
in the p rogramme of 
larger countries in the 
region. Implementation 
of the projects has resulted 
in a beneficial mixture of 
technical assistance ac
tivities and research con
tracts sponsored by the 
Agency. Donor countries 
from outside the region 
also participate in ARCAL 
by funding these regional 
projects. 

By shar ing the in
frastructure available, in
c luding laborator ies , 

equipment, and experts, ARCAL has spurred 
regional efforts which have resulted in some 
regional funding for expenses in project ac
tivities. The role of the IAEA within the ARCAL 
programme is as a consultant and executing 
institu lion to assure that no duplication with the 
bilateral technical assistance projects of the 
Agency occurs and that resources are utilized 
efficiently. 

The Agency also helps to find the required 
financing to execute the projects by channeling 
its own resources or getting them from other 
countries or institutions. For example Canada, 
the European Economic Community, France, 
the Federal Republic of Germany, Italy, 
Sweden, and the USA have supported ARCAL 
projects. In spite of the difficult economic situa
tion in Latin America, contributions in kind to 
ARCAL from its members, are increasing every 
vear. 

The ARCAL programme is based on the 
concept of collaboration among participat
ing count r ies . Co-ordinat ion and co
o p e r a t i o n a m o n g s t c o u n t r i e s a n d 
institutions in the programme have im
proved cont inuous ly . The Programme 
has provided a stimulus to communica
tion within the region through an exchange 
of experience and knowhow. Technical and 
economic co-operation among developing 

The ARCAL projects have been given 
priorities by the participating governments, 
with advice provided by the Agency. Objec
tives and work plans were formulated by the 
countries, for each project for a 3-5 year period 
(short-term), and are monitored closely. Peri
odically, the project co-ordinators (one for 
every project from each ARCAL member) get 
together to examine and evaluate the progress 
of the project. During these meetings, future 
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activities are formulated, including an element 
of flexibility to adapt the project to new situa
tions and environments. 

This periodic short-term planning includes 
specific activities and is quite detailed. Addi
tionally, an annual meeting of ARCAL National 
Co-ordinators (one co-ordinator designated by 
each ARCAL member) is held to examine 
ARCAL projects, as well as new project 
proposals. During these meetings, care is 
taken to avoid duplication in activities of dif
ferent projects, and a rapid cost analysis is 
conducted. Such meetings also strengthen 
links between countries aiming towards in
tegration and help to consolidate existing in
struments of collaboration. 

These arrangements have allowed the 
Programme to be versatile, while maintaining 
specific goals with a minimum of organization
al rigidity. ARCAL fosters technological advan
cement by enabling countries to develop 
technological versions which are better suited 
to their own needs and conditions, in areas 
where industrialized countries are still innovat
ing (nuclear technology applications). 

The major objective of regional programmes 
such as ARCAL is to help Member States gain 
self-reliance in the applications of nuclear 
science and technology through the implemen
tation of regional projects. 

Emphasis for these projects is placed on 
responding to the development priorities of 
Member Slates as well as to contributing to 
institution building, both of which are cru
cial in the Latin American region where 
many of the countries have limited resour
ces. Moreover, much attention has been 
given to human resource development, en
compassing planning, management, and 
evaluation of a country's or institution's 
manpower beyond just the acquisition of 
technical skills. This philosophy, com
bined with pragmatic implementation, has 
assured the enormous success of ARCAL in 
its first 5 years. 

This booklet is designed to inform readers 
about the first phase of the ARCAL programme 
in Latin America and contains descriptions of 
projects in the fields of agriculture, medicine, 
industry, and energy.• 

Millions 

ARCAL expenditures 
1985-1989 
(inUS$) 

[ 3 ARCAL member contributions** 

J5J fcxtrabudgetary contributions 

§§ Agency resources* 

V 
/ 

I : 

1985 1986 1987 
Years 

* Includes technical co-operation, research programme, and other regular budget 
appropriations from the Agency 

**ARCAL members provided in-kind contributions in support of tite program. These 
figures reflect their calculations. 
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Radiation protection 

Appropriate radiation protection measures 
are fundamental to the peaceful uses of 

nuclear energy. In the Latin America region, 
such measures were the focus of the first col
laborative effort under the ARCAL programme. 

Numerous radiation-producing equipment, as 
well as sealed and open radioactive sources, are 
used for diagnostic and therapeutic purposes in 
Latin American countries. Their use reflects sub
stantial growth in i modern medical facilities result
ing in enhanced local medical care for the 
population. Without proper radiation protection 
measures, however, they can create specific 
problems for professional workers and members 
of the public. 

Although arrangements generally exist 
throughout the region for the safe use of equip-

"I 
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ment and sources, in practice, there are fre
quently wide discrepancies. Clearly, it is 
desirable to ensure that the acquisition and 
operation of facilities in each country involving 
the use of ionizing radiation are appropriately 
reviewed, licensed, and inspected to maintain 
safety and reliability. 

Regional harmonization and standardization 
of radiation protection procedures at industrial 
and medical facilities where sources of ionizing 
radiation are used would be of significant benefit 
to the countries in the region. The ARCAL project 
on radiation protection was initiated to work 
towards this objective. Specifically, the project 
seeks to improve radiological safety in Latin 
America through appropriate training for profes
sionals and an exchange of information and ex
perience in the field. 

Expert missions, courses and in
dividual training, technical meetings to 
exchange scientific information, and 
procurement of radiation protection 
equipment are among the mechanisms 
introduced to implement the project. 

Since its inception, there has been 
great interest in utilizing the services of 
experts from within the region. From 
1986 to 1989, the number of profes-

Intercomparisons are conducted to 
optimize dosimetry services in Lima, 
Peru. 
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Whole-body counters are used lo monitor internal dosimetry of personnel in Brasil. 
(Credit: CNES) 

sionals from Latin American countries par
ticipating in the project quadrupled. This trend 
is expected to continue reflecting the Agency's 
catalytic role in promoting technical co-opera
tion among developing Member States through 
a greater pooling of knowledge and close com
munication between scientists in the region. 

At the conclusion of the first phase of 
ARCAL, a larger pool of trained manpower 
exists in the region to meet dynamic require
ments caused by a continued increase in the 
application of radioactive materials and ioniz
ing radiation. Training has been provided to 
some 125 professionals from the region 
through interregional training courses on radia
tion protection and nuclear safety, 200 profes
sionals in specialized regional courses, and 
450 professionals in national courses. 

In 1985, activities began with the estab
lishment of workshops on radiation protection 
to determine the region's radiological safety 
needs. A subsequent workshop analysed and 
technically evaluated the ongoing project ob
jectives and co-ordinated future activities 

within the framework of the project. In par
ticular, measures were adopted to define co-or
dinated research studies in the field of radiation 
protection. These workshops were held an
nually to ensure continuous co-ordination of 
activities and high project effectiveness. 

A high- level interregional course on radia
tion protection and nuclear safety, the only of 
its kind in the Spanish language, provides train
ing to some 25 professionals from the region 
yearly. The course forms the region's most im
portant means for training high-level profes
sionals in radiological safety. 

Activities under a co-ordinated research 
study seek to solve certain radiation protection 
problems that are common to various countries 
within the region. Such activities are co-or
dinated by those countries having a special 
interest in a particular field of concern and 
which, in one way or the other, already have 
made efforts to solve these problems. For ex
ample, Chile co-ordinated and carried out an 
intercomparison study of personnel dosimeters 
for seven countries during 1985 and 1986. 
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Analysis of the intercomparison was positive
ly completed in 1987. Other examples in
clude: 

Early in ARCAL's first phase, it was 
recognized that a compilation of laws 
and regulations on radiation protection 
and an evaluation of the legal normative 
situation in Latin America was needed. 
Ecuador co-ordinated the activity with as
sistance from an expert from the region 
and the IAEA. Information from eleven 
countries was analysed. The findings 
showed that seven of the 11 countries 
did not have the necessary basic legal 
framework, and that only four countries 
had an adequate regulatory structure 
suitable for fully exercising control func
tions such as licensing and inspection of 
activities associated with the use of ioniz
ing radiation. 

• In the second year, a proposal was made 
to set up a research study on the causes 
of industrial gamma-radiography acci
dents in the region. An analysis of abnor
mal exposures in industrial gamma-
radiography was co-ordinated by Argen
tina whicn analysed 18 accidents which 
had occurred in eight countries. Con
clusions reached in 1987 indicated that 
the majority of the accidents considered 
could have been avoided if adequate radia
tion protection measures, including estab-

control mechanisms, had been adopted 
at the appropriate time. 

Co-ordinated work to estimate doses 
received by patients in fluoroscopy ex
amination—those using X-ray equip
ment over a prolonged period of 
lime—was also initiated early in the 
programme. Brazil co-ordinated the 
activity and seven countries agreed to 
supply data. 

Guatemala co-ordinated the compilation 
of a list of all courses within the region 
specifically concerned with radi.i ! >n 
protection, to identify the training pos
sibilities in the region. Work in this field 
was completed in 1988. 

A co-ordinated study aimed at identifying 
the requirements for ensuring the ade
quate implementation of the Conven
tions on Early Notification and Mutual 
Emergency Assistance within the region. 
The activity was co-ordinated by Chile 
and completed in 1990. The study con
cluded that most countries in the region 
possessed the capacity to detect a 
radiological or nuclear accident; all have 
adequate communication systems and 
that although there exists a willingness to 
co-operate in such cases, formal bilateral 
and multilateral agreements are needed, 

lishment of appropriate regulations and as well as a sufficient number of medical 
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Hands-on experience is an important component of radiation protection training in the region. 

specialists who are trained in radiation 
measures. 

Following the Chernobyl accident, there 
was discussion in the region on the problem 
of whether to accept or reject foodstuffs 
from the northern hemisphere that may 
have been contaminated. Argentina co-or
dinated an activity aimed at establishing 
intervention levels for contaminated 
foods. At a workshop, a document dis
tributed by the co-ordinating country 
contained a proposal to use the criteria 
adopted by the World Health Organiza
tion (WHO) and which presented inter
vention levels for contaminated foods as 
calculated for Argentina. It was agreed 
to adopt the WHO criteria and to repeat 
the calculations performed by Argentina, 
using the values of each of the participat
ing countries. Results of the research ac
tivity will be evaluated during 1990. 

Other activities under the project have included 
experts from the region participating in Agency 
scientific meetings, advisory groups, and techni
cal committees to provide increased information 
on the Agency's radiation protection activities 
and to publicize the region's views in this field. 
More experts from the region are undertaking 

missions within the framework of technical co
operation projects, reflecting a significant in
crease in participation by the countries 
involved. 

During the second phase of the ARCAL 
programme, activities are concentrating on in
creasing the response capacity of Member States 
in the region in radiological safety, with particular 
emphasis on training, technical assistance, and 
development of co-ordinated research studies. 

Technical assistance provided to the region 
will continue to focus mainly on wide-ranging 
staff training. Additionally, countries will or
ganize national courses for training and 
specialization in the subject which will be backed 
up, when necessary, with specialists from the 
region within the framework of the ARCA1 
programme. Special attention will be paid to 
co-ordinated research studies which will focus 
upon genuine problems that are common to 
various countries of the region. 

The Agency will continue supporting experts 
from the region to participate in the Agency's scien
tific meetings, advisory groups, and technical com
mittees to maintain effective exchange of 
information and experience between experts 
from the region and the Agency.ü 
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Nuclear instrumentation 

Research and development in nuclear instrumentation is conducted in Colombia. 

Nearly all Latin American countries have 
programmes in various fields of applied 

nuclear science. Generally, these program
mes are oriented towards practical, ex
perimental, or field activities which require 
the use of specific nuclear instrumentation. 
This equipment may be simple (as in the case 
of portable radiation counters used in 
uranium exploration) or very sophisticated 
(multichannel anlysers, gamma cameras). 

The extremely rapid development in 
electronics and instrumentation, and the in
creasing introduction of microprocessors in 
nuclear equipment, require highly qualified 
and well-trained staff to keep such instruments 
in optimal operating condition. 

Countries in the region have realized the 
necessity of highly developed nuclear in
strumentation laboratories as an essential sup-
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porting activity. However, testing equipment 
is inadequate in many cases, there is a shortage 
of trained staff, and difficulties in obtaining the 
required spare parts and components frequent
ly hamper the efficient organization of local 
instrumentation laboratories. 

Regional activities in nuclear instrumenta
tion during the early 1980s indicated the need 
for increased regional co-operation in this area. 
Most of the countries at that time operated i t 
least one nuclear electronics laboratory, al
though the professional level of the staff in
volved, and the available equipment, differed. 

In an effort to address these problems, a 
project on nuclear instrumentation was in
itiated in the early stages of the ARCAL 
programme. The objective was to establish 
and develop an increased national and regional 
capability for handling, maintaining, servicing, 
designing, and constructing nuclear instru
ments by creating national centres for nuclear 
instrumentation and electronics. It was 
planned that these centres should have strong 
links to similar laboratories in the region. 

The project focuses on three components: 

• Maintenance and service of nuclear 
instruments: an essential requirement 
in countries where the assistance of the 
manufacturers is not available, or is not 
adequate. 

Training: essential in a field with an ex
tremely fast development rate and a con
tinuous need for upgrading the 
knowledge and experience of staff. 

• Spare parts-, a critical issue in Latin 
American developing countries due to 
the shortage of foreign currency. The 
complex administrative structure in 
the region results in long delays in 
receiving the smallest items from 
abroad. The same problems exist in 
the availability of technical literature 
and service manuals. 

In contrast to the prevailing desperate situa
tion of 5 years ago, every ARCAL country now 
has at least one laboratory where nuclear in

struments can be serviced. The stage of 
development in the region indicates that, in 
most cases, even with complex instrumenta
tion, the local staff can identify the faults; how
ever, they cannot always repair the equipment 
because electronic components are seldom 
available locally. 

Main tenance labora tor ies in ARCAL 
countries are on different levels in technical 
knowledge, professional staff, and necessary 
equipment. Countries like Mexico and Argen
tina have experienced engineers and adequate 
laboratories. In other countries, however, such 
as Bolivia and Costa Rica, there are still only a 
few professionals and the laboratories are not 
fully equipped. 

Training at varying levels on specific topics 
has helped considerably to increase the techni
cal level of the instrumentation and electronics 
staff in ARCAL countries. Training at the 
beginning of the programme focused on a 
rather basic level, but has reached a much 
higher standard in recent years. Experiments 
were made with new forms of training, such as 
assembling complex instruments, evaluation 
and testing of nuclear equipment, or teaching 
electronics engineers to be able to interpret 
spectra and conclude on the deficiency of the 
experimental setup. 

The Agency also collects information on 
specifications and availability of instruments 
from commercial manufacturers to be used in 
projects. Spare parts, sen/ice facilities, delivery 
time, and other details are stored in a technical 
databank for use by officers who instruct local 
technicians in development and repair work. 
Under the project, the Agency evaluates instru
ments and checks their performance in its 
electronics w o r k s h o p at its Seibersdorf 
laboratories near Vienna. 

A spare parts service, operated from Vienna, 
has opened a new dimension in regional co
operation. Essential spare parts are delivered 
rapidly to the projects in ARCAL countries with a 
minimum of administrative complications. In 
view of high interest and limited financial resour
ces, an upper limit of US $200 was set for costs 
of individual ipare parts. 
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The instrumentation maintenance laboratory in Lima, Peru, provides maintenance services for 
equipment such as a multichannel analyser printer board. 

A database on service manuals for nuclear 
instruments also was established, with con
tributions from all ARCAL countries and is 
being updated annually. This activity enables 
an effective search for a service manual 
anywhere in the region covered by the ARCAL 
programme. 

The Agency plans to establish a Nuclear 
Instrumentation Network (NIN) to co-or
dinate efforts and to reduce defective equip
ment provided to Member States within the 
framework of technical co-operation projects. 
Today, an estimated 25% of such equipment 
is defective. The network should reduce the 

amount to less than 10% within 3 years. Latin 
America countries should benefit from the net
work. 

Future activities will stress the c'^blishment 
of national and regional laboratories to provide 
maintenance services in the region. 

New topics are being addressed in the 
period 1990-92, resulting from the progress in 
the field of nuclear instrumentation. They in
clude the use of microprocessors and desk 
computers in nuclear experiments, interfacing, 
and development of appropriate software, 
together with intensive training.Q 
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Livestock 
reproductioj 

Latin America is a region with vast and varied 
animal resources which consist not only of 

the common domesticated species cattle, sheep 
and goats; but also of such indigenous species as 
the llama, alpaca, and vicuna and introduced 
species such as the buffalo. The production of 
meat, milk, wool, hides and draft power from 
these animals is important to all countries of the 
region. They provide nutrition and clothing for 
the human population,, valuable export earnings, 
and most important of all, employment and in
come for a high proportion of the poorer people 
living in rural areas and on the altiplano. 

The ecosystems under which domesticated 
animals are reared in Latin America vary great
ly—tropical and temperate grasslands, semi-
arid and desert scrublands, areas of improved 
pastures, desert, and jungle. In most instan
ces, however, animals are reared in areas 
where they are subjected to a combination of 
stresses, such as extreme climatic conditions, 
high humidity, pastures of seasonal availability 
and low nutritive value, and an insufficient 
water supply. It is not surprising, therefore, 
that the efficiency of livestock production in the 
region is invariably low and the availability of 
animal products for human use, and the 
derived income, are much reduced. 

One of the most efficient ways to increase 
livestock productivity is to improve reproduc

tive performance. To a large extent, this can be 
achieved by reducing the time period from the 
birth of the animal to that of its first and sub
sequent offspring—the generation interval— 
which is exceptionally long in farm livestock in 
most Latin American countries. However, 
reducing the generation interval requires a 
thorough investigation of the nature of the 
common reproductive problems encountered, 
their causes, and possible strategies to alleviate 
them at the small farm level. 

With this in mind, the Agency, in co-opera
tion with the Food and Agriculture Organiza
tion (FAO), initiated a co-ordinated research 
programme in 1984 to improve the reproduc
tive management of milk, meat, and fibre-
producing livestock in the Latin American 
region. Under the programme, radioim
munoassay (RIA) techniques were used to 
complement traditional measures to improve 
reproductive performance. In 1985, an en
larged project involving collaboration with the 
ARCAL programme was established. The co
ordinated research programme was integrated 
with national technical co-operation projects in 
animal reproduction. 

In 1988, the last year of this collaborative 
initiative, the ARCAL programme comprised 20 
research contracts, three research agreements, 
and 14 technical co-operation projects with 



Technical co-operation experts in livestock reproduction visit an ARCAL project on camelids 
at La Raya, Nr. Cusco, Peru. (Credit: Urquieta) 

Mexico, Guatemala, El Salvador, Costa Rica, 
Panama, Cuba, Colombia, Venezuela, Ecuador, 
Peru, Bolivia, Brazil, Chile, Argentina, 
Uruguay, as well as with the USA. The general 
goals of this programme were to characterize 
and improve the reproductive management of 
milk, meat, and fibre-producing livestock 
maintained under the diverse environmental 
and management conditions prevailing in the 
Latin American region. To achieve the research 
goals, col laborat ing institutes were en
couraged, where relevant, to adopt a three-tier 
approach to their research: 

• definition of the livestock production sys
tem and determination of productive and 
reproductive performance of animals 
under existing environmental, nutritional, 
and management conditions; 

• determination of the major causes of 
poor reproductive performance on typi
cal farms; and 

development of viable, cost-effective 
solutions based on modifications to ex
isting management rather than on the 
employment of imported, dollar-de
pendent remedies. 

When the research programme started in 
1984, there was little information readily avail
able on the productivity and reproductive per
formance of livestock in the region. There was 
also little knowledge of the true causes of low 
productivity; the animals themselves were 
often blamed where suboptimal management 
and poor nutrition were the true prevailing 
constraints. 

To identify the real constraints to reproduc
tive pe r fo rmance , the m e a s u r e m e n t of 
reproductive hormone levels by radioim
munoassay, and particularly of progesterone 
levels in blood or milk, proved to be a highly 
effective, objective, and sensitive çomplemen-
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tary tool. Thus, one of the major achievements 
of the programme was the establishment of 
viable KIA laboratories in each of the participat
ing countries to enable them to measure 
proges terone concentrat ions in samples 
relevant to the programme and other hormones 
and metabolites in research unconnected with 
the programme. 

RIA laboratories were established by provid
ing the scientists concerned with appropriate 
equipment, fellowship training, expert ser
vices, and, over the last three years of the 
programme, with s tandardized RIA kits 
provided through the IAEA Seibersdorf 
Laboratory. These kits were developed to pro
vide recipient laboratories with simple, sensi
tive, and reliable assays and to enable the 
researchers to concentrate 
their time and efforts on 
resolving the field problems 
rather than on developing 
analytical techniques. The 
successful d e v e l o p m e n t 
and efficient distribution of 
these kits to participating 
institutes and the more 
recent development of an 
ex terna l quali ty control 
service w e r e impor tan t 
a c h i e v e m e n t s of the 
programme. 

Another major achieve
ment was the extent to which 
the programme stimulated 
research work in animal 
production not necessarily 
directly connected with the 
IAEA activities. This catalytic 
influence of the programme 
was published in numerous 
national and international 
research reports, scientific 
publications, and popular 
articles. 

The llama can be found in many 
parts of Latin America. (Credit-

Urquieta) 

The programme illustrated the benefit of the 
regional network approach as well as success
ful integration of national technical co-opera
tion projects with the Agency's co-ordinated 
research efforts. As a result, all the programme 
counterparts benefited from attendance at a 
regional seminar for Latin America in Maracay, 
Venezuela, in 1987 and from two training cour
ses held in Lima, Peru, in 1984 and in Maracay, 
Venezuela, in 1986. 

The programme was also useful in training 
counterparts in nuclear laboratory techniques 
to complement traditional methods of deter
mining reproductive performance in livestock. 
At the same time, a scientific approach to the 
determination of reproductive constraints was 
provided. 

~ $VS§BS* 
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Conclusions from the work indicated that, 
when used in conjunction with breeding 
records and the examination of ovarian and 
uterine structures, progesterone measurements 
allowed researchers to: 

characterize the age/weight of livestock 
at puberty; 

assess the ability of the stockman to 
determine when livestock are ready to 
breed and the adequacy/frequency of 
the detection periods; 

assess the technical ability of the insemi-
nator, the quality of the semen, and the 
timing of artificial and natural service; 

assess the ability of veterinarians to 
define anatomical and pathological struc
tures and to diagnose pregnancy; 

determine the seasonality of reproduc
tion; and 

• investigate the usefulness of measures 
for stimulating or synchronizing ovarian 
activity. 

The major constraint to the reproductive ef
ficiency of farm livestock in Latin America was 
identified as a prolonged post-partum interval. 
The factors judged to be responsible for low 
reproductive performance by the individual re
searchers were management, nutrition, direct 
environmental effects, genetics and disease 
control. Management and nutrition accounted 
for 95% of the constraining factors. 

The scientific ach ievements of the 
programme are contained in an IAEA publica
tion p roduced in 1990 enti t led Livestock 
Reproduction in Latin America. The publica
tion covers the predominant livestock produc
tion systems: dairy (intensive and dual 
purpose); beef; sheep and goats; and camelids. 
Reviews of the scientific literature are included 
to enable the reader to place the research work 

into context. National or 
regional statistics on 
production or reproduc
tion parameters are also 
quoted. This publication 
is the first to compile in
formation on livestock 
r ep roduc t ion on a 
regional basis. A new 
programme on nutrition-

/f—"^-—Nj|l reproduc t ion interac-

{ f \ J tions in livestock was 
V ^ V / j / initiated in 1990 in col-

ĴT laboration with many of 
the institutes and par
ticipants involved in the 
first phase of the ARCAL 
project.• 

A complete RIA laboratory — FAO/IAEA kit for measurement of 
progesterone in milk, single-well gamma counter, décantation rack, 
and pipettes. 
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Nuclear analytical 
techniques 

Nuclear and other micro-analytical techni
ques are used to determine trace elements 

in environmental, geological, and biological 
products. National laboratory facilities for 
chemical analysis exist in all Latin American 
countries, either through local efforts or 
bilateral and international co-operation. In 
several countries, these facilities are not quite 
adequate in terms of accuracy and sensitivity to 
meet the increasing demand for faster and more 
reliable analytical services. 

Many institutes, particularly those of local 
nuclear energy establishments, already have 
introduced some nuclear analytical techni
ques (such as neutron activation analysis, 
X-ray fluorescence analysis, Moessbauer 
spectroscopy, and positron annihilation tech
niques). These modern and powerful analyti
cal methods, however, are seldom used to 
their fullest potential in the Latin American 
region. 

This assessment was recognized as early as 
1983 following Agency technical co-operation 
projects. In a few countries in the region, most 
prominently in Argentina and Brazil, and in 
Chile as well, some nuclear techniques were 
already quite advanced and a considerable 
amount of experience was available; ex
perience that could be shared and transferred 
to the other countries in the region. 

A basic infrastructure for instrumentation 
and qualified manpower for trace element 
analysis existed in the region when the ARCAL 
programme was initiated. However, the stand
ard of analytical chemistry, particularly for 
elemental analysis of material of biological and 
environmental origin at the trace and sub-trace 
level, still needed improvement. Pressing 
needs of the public and private sector to have 
access to analytical laboratories capable of per
forming chemical analysis with a high degree 
of reliability and precision also prevailed. 

To improve the technical capabilities of 
specialists in the Latin America region, an 
ARCAL project was established. The Agency 
provides analytical chemistry services and 
training programmes to assist in the organiza
tion and strengthening of nuclear analytical 
laboratories. The goal is to increase their 
capabilities to provide reliable analytical ser
vices by strengthening existing nuclear-based 
activities in various sectors of each country's 
national economy. In the Latin American 
region, national and regional target sectors 
have included governmental organizations in 
areas such as environmental control, health 
and nutrition, and mineral prospection and ex
ploration. 

The project promotes the exchange of ex
perience and knowledge throughout the 
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Training under the project includes practical experience in deter 
initiation of trace elements using radiochemical separation. 

region. Training courses are held at well-estab
lished institutes andare supplemented by semi
nars and research-oriented workshops in 
selected analytical techniques as well as co-or
dinated research programmes. Activities under 
the project seek to foster the development of 
stronger links among analytical laboratories to 
generate a mutually beneficial exchange of 
analytical protocols and procedures. 

Many laboratories in the region have 
achieved a reasonable degree of experience 
and sophistication in trace element analysis in 
materials of geological and environmental 
origin, and to a lesser degree, in those of 
biological origin. 

Nuclear analytical techniques have found 
extensive applications in the trace element 
analysis of toxic heavy elements in environ
mental pollution studies of water, air, and 
indus t r ia l ef f luents . They are u s e d in 
prospecting mineral resources and analysing 
mineral concentrates, high purity metals and 
alloys, and in few instances, to analyse ele
ments with toxicological and nutritional 

r e l e v a n c e in agro-in
dustrial products includ
ing food for human and 
animal nutrition. 

During the first year of 
the project, emphasis was 
placed on assessment of 
the chemical analytical 
capabilities in manpower 
and laboratory facilities 
available in the region, 
and the preparation of a 
specialized series of cour
ses involving se lec ted 
radioanalyt ical techni
ques. This was based on 
information developed 
within the region and 
resulted in the awarding of 
technical contracts to 
s e l e c t e d ins t i tu tes . A 
seminar on the applica
tion of Moessbauer spectro
scopy was organized to 
further strengthen applied 

research programmes in metallurgy and ar
chaeology. 

Efforts included an advanced workshop on 
X-ray fluorescence analysis and neutron activa
tion analysis which could be applied to en
vironmental control, health and nutrition 
programmes, and mineral prospection and ex
ploration. Training in selected analytical tech
niques on the basis of plans and arrangements 
made during the first year was conducted; as 
well as the convening of a meeting of experts 
in relation to the establishment of regional ref
erence laboratories. 

Following a joint meeting with regional ex
perts, a co-ordinated research programme 
(CRP) was launched to use nuclear techniques 
on the trace element determination in agro-
industrial products including food. There was 
an expressed need to strengthen locai expertise 
in this type of analysis and to promote scientific 
exchange among scientists in the region. 

The CRP focuses on improving existing 
capabilities in the study of problems related to 
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the determination of trace elements in agro-
industry products, including food stuffs for 
human and animal nutrition. Ultimately, the 
goal is to bring the laboratories in the region to 
a level at which they can provide reliable 
analytical services. 

Emphasis is placed on the determination of 
those elements with toxicological and nutri
tional relevance. Atomic absorption and induc
tively coupled plasma are also used in support 
of and to conduct intercomparison studies. 
Quality assurance is a standard practice in the 
programme. Assistance from the Agency's 
Seibersdorf Laboratory is received through its 
analytical quality control services. 

Participation in the CRP on nuclear analyti
cal techniques is open to all Latin American 
countries participating in ARCAL. Currently, 
scientists from Argentina, Bolivia, Brazil, Chile, 
Ecuador , Guatemala , Paraguay, Peru, 
Venezuela, and Uruguay are participating as 
research contract holders. Others have ex

pressed interest to be included in the near 
future. 

To strengthen and enhance regional exper
tise, qualified and interested scientists from 
outside the region are invited to participate as 
research agreement holders. Training courses 
and workshops have proven to be an effective 
mechanism for fast transfer of know-how, 
keeping abreast of the latest developments, 
and providing a forum to discuss common 
problems and share ideas for solutions. A train
ing course was organized in 1988 covering 
agro-industrial products and food. In 1989, one 
on mineral resources with emphasis on pre
cious metals and rare earth was held. A 
workshop was also organized in the field of 
neutron activation applied to environmental 
analysis. 

In 1990, practical workshops and training 
courses are being held to strengthen the ac
tivities supporting the co-ordinated research 
programmed 

Radiochemical separations are used in a training course on neutron activation analysis in en
vironmental problems. 
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Research reactors 

Research reactors are versatile and useful in 
a wide variety of scientific disciplines and 

technologies. They are interdisciplinary tools 
that can be used in areas such as scientific 
research, and applied or engineering-oriented 
research and training. These activities are 
employed in medicine, agriculture, and in
dustrial areas where the use of nuclear methods 
may be cheaper, faster, and better than others. 
In many cases, they pro
vide information not avail
able through non-nuclear 
methods. a 

Nuclear research reac
tors play an important role 
in the support of nuclear 
p rogrammes . In most 
cases , nuclear power 
programmes have been 
based largely on previous 
research reactor and re
la ted activit ies. Even 
those countries that have 
dec ided to buy power 
reactors on a turn-key 
basis without significant 
local technical contribu
tions have benefited by 
working with research 
reactors in developing a 

Isotope production is criti
cal to applications of 
nuclear techniques in 

medicine. 

cadre of scientific and technical personnel. 
There is a strong incentive to use research 
reactors as a tool for the development of this 
talent. 

Proper utilization of research reactors in 
new or underutilized reactor centres can be 
achieved by establishing a sound programme 
in basic and applied research. This provides an 
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The 1EA-R1 research 
reactor in Brazil 

understanding of the fundamental nuclear 
processes and techniques which eventually 
lead to various applications of reactor 
neutrons, manpower training, and related 
services. 

The use of high performance research reac
tors is optimized through international co
operation and countries which do not have 
such reactors are provided access to them. 
These reactors are used for radioisotope 
production of high specific activity, the resolu
tion of particular problems such as materials 
testing at high flux, basic research, and training 
of personnel. They also provide the possibility 
to prepare beam-tube experiments at a low-
and medium-flux reactor for later transfer to a 
high-flux reactor. 

Research reactor operation can create a 
spectrum of skills and services which may not 
be available elsewhere in the country. These 
skills, such as handling of radioisotopes, health 
physics, measurement of very low activities, 
though not being direct utilization of a research 
reactor, can be considered valuable resources 
which could be mobilized for the benefit of 
society. Examples of related services include: 

Application of radioisotopes outside 
of nuclear medicine. By using radioactive 
tracers, many kinds of practical problems such 
as identifying leaks in pipelines, problems of 
material transport, or physical processes like 
mixing, grinding, and drying, as well as chemi
cal processes, can be studied effectively and 
economically. Short-lived radioisotopes used 
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as tracers can be produced conveniently at 
most research reactors or obtained from ap
propriate radioisotopic generators. 

Measurement of low-level activities. To 
maintain a sufficient control of radioactive con
tamination and emissions, research reactors are 
provided with special equipment for measur
ing very low alpha, gamma, and beta activities. 
Skills and equipment also are needed in the 
analysis of imported foods, environmental sur
veys of uranium deposits, uranium mines, and 
nuclear power plants. 

Health physics. The use of ionizing radia
tion in hospitals, industry, and elsewhere 
creates a need for calibration of measuring 
instruments and quality assurance program
mes. Research reactor centres could take an 
active role in providing such services. 

Education and training. The reactor and 
its facilities can be used to educate persons who 
will have an influence on the technical, scien
tific, and economical development of a par
ticular country. Public awareness of the 
benefits of nuclear power is' essential to the 
smooth introduction of a nuclear power 
programme. 

Irradiation. Research reactors can serve 
as irradiation facilities. For this purpose, the 
reactor itself, or its spent fuels, may be used as 
the radiation source. Examples include: 

• transmutation doping of silicon (for a 
developed industry of electronics com
ponents); 

• disinfestation of food; 

• sterilization of goods; and 

radiation treatment of materials (me
tals, plastics). 

Neutron activation. Neutron activation 
has proven to be valuable in a large number of 
fields such as mineral exploration, ultra pure 
materials, radiotracers in metallurgy, medical 
biology, and environmental research. This 
method has several advantages including the 
ability to detect most isotopes through their 
activation, a large sensitivity, and the possibility 

to work on the sample without any physical or 
chemical modificat ion and its relative 
simplicity. 

Neutron radiography. Any nuclear reac
tor equipped with beam tubes and capable of 
operating at a power greater than 1 kW may be 
useful for film-based neutron radiography. But 
naturally, the higher the power, the greater the 
source flux, the more convenient the methods, 
and the better the quality of radiographs. The 
most widely used application involves: 

• inspection of irradiated fuels 

detection of hydrides in metals 

• checking for faulty adhesives 

inspection of explosives 

• inspection of metal castings 

inspection of brazed joints 

• dynamic imaging of car engines. 
refrigerators, etc. 

• inspection of cadmium and rare earths 
in plates 

• detecting faults in neutron-shielding 
materials, and 

• inspection of medical samples. 

The ARCAL project on the use of research 
reactors has emphasized reactor core analysis, 
including physics and thermo-hydraul ic 
studies, supplemented by training courses on 
the use of research reactors to produce 
radioisotopes, and for analysis of trace ele
ments in, for example, airborne particulates or 
foodstuffs. In Colombia, the safe operation of 
the heavily utilized research reactor in Bogota, 
which has been operating for more than 20 
years, is being upgraded with IAEA assistance. 
In Jamaica, a low-power research reactor is 
serving as a useful tool in analytical chemistry 
and other areas, supporting research relating to 
soil fertility, rare earth metals, and mineral 
resources. 

A co-ordinated research programme (CRP) 
was established in 1987 to study the problem 
of conveiting research reactors from the use of 
highly-enriched uranium fuels to low-enriched 
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§ Sophisticated tools 
are used to measure 
the burning ofre-

fW • IrçBI search reactor fuel 
K \ 3» elements in Mexico. 

fuels. Programme emphasis remains in estab
lishing a reactor calculational capability in re
search reactor centres. 

These activities in reactor physics and ther
mal hydraulics calculations, directed towards 
safer and more efficient use of reactors, have 
resulted in a solid cadre of scientists and en
gineers with better understanding of reactors. 
At the end of the first phase of ARCAL, six 
countries are participating in the co-ordinated 
research programme and more are expected 
during the second phase. Activities have in
cluded training courses in reactor calculations, 
a workshop on comparison of calculations, a 
training course on experimental reactor 
physics, one on the use of small computers to 
assist operators in the safe and efficient opera

tion and use of reactors, and two co-ordination 
meetings. In addition, an expert from visited 
different reactor centers in the region to assist 
local counterparts with any problems relating 
to calculations. Phase two will see greater em
phasis on utilization of research reactors as well 
as topics related to operational safety of these 
reactors. 

Results of the research reactor programme 
during the first Phase generated some con
clusions which have provided a framework for 
activities in this area during the second Phase: 

Reactor calculations impact on every area 
of reactor operation, utilization, and safety. 
There are varied levels of calculational ability 
in a region. Mainly, the centres are only begin-
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parameters 
of medium-
enriched Juel 
elements are 
measured in 
Chile. 

ning or have not emphasized calculations in the 
past. There are several centres, however, that 
have well-developed capabilities. These 
centres should be exploited for their expertise. 

In operations, more efficient fuel manage
ment could result in significant savings in fuel 
cost. In addition, most of the 18 reactors in the 
region would need to convert to low-enriched 
uranium (LEU) fuels as high-enriched fuels are 
no longer available. Those that are using LEU 
fuels would still have to cope with using the 
new replacement high-density LEU dispersion 
fuels and reactor analysis would need to be 
performed. 

In utilization, the arguments of economics 
become relevant since it requires optimizing 
utilization of the reactors for radioisotope 
production or beam tube neutrons. 

In safety, most of the reactor centres do not 
have u p d a t e d safety analysis repor ts 
(SAR). The successful execut ion of this 
programme would make the updating of the 
SAR's possible. 

Reactor utilization follows the need to es
tablish the basic calculation ability. Some ac

tivities in this area include an ongoing 
radioisotope programme as well as activities in 
nuclear analytical techniques (as part of another 
ARCAL programme). Neutron radiography is 
an additional area that is envisaged to be part 
of this effort. 

A seminar on research reactor utilization is 
planned for 1991 to be held in Santiago, Chile, 
the first of its kind in the region. Similar meet
ings of research reactor operators and users are 
held regularly in most other regions of the 
world. It is hoped that this would become a 
regular event in Latin America. 

Reactor safety will be the focus of a meeting 
of reactor safety committee representatives. In 
many ARCAL countries, there are no functioning 
national regulatory authorities and the respon-
siblity for safe operation and use of the reactors 
is with the internal safety committee. This ac
tivity would attempt to upgrade and stand
ardize the organization and functions of these 
committees. 

A research reactor operator training course 
is planned to upgrade the required knowledge 
and capability of reactor operators and to at
tempt to standardize training.'^ 
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Food irradiation: A 
contribution to economy 
and health 

Food is an integral part of international trade 
and is even more significant for developing 

countries whose economy is still mainly 
agricultural. These countries supply an overall 
30% of world imports of agro-based products, 
and even more of tropical commodities and 
fresh horticultural products. Latin American 
countries are major suppliers of global food 
needs and are highly dependent on food ex
ports for foreign exchange earnings. 

According to the World Health Organization 
(WHO), the incidence of food-borne disease 
today is one of the most widespread health 
problems in developing and industrialized 
countries and an important cause of reduced 
economic productivity. Additionally, contamina
tion of food with pathogens results in rejection of 
food commodities which represent important 
sources of foreign exchange earnings. 

Post-harvest food losses are quite high con
sidering the level of technological develop
ment achieved. According to estimates, 
between one quarter to one third of world food 
production is lost to pests or microbiological 
degradation. Often the losses are the highest in 
areas where food is needed most, especially 
developing countries situated in tropical zones. 

In the interest of socio-economic develop
ment, it is essential that all efforts be made to 
reduce food-borne disease and increase food 
availability. Every effort should be made to 
facilitate export trade by maintaining quality of 
food through shelf-life extension, treatment for 
pests covered by phytosaniury regulations, im
proved hygienic quality, and prevention of post 
harvest losses. 

Food irradiation offers an additional means 
to achieve these objectives. It is a simple and 
effective way to process food; one whose 
potential has not been recognized fully. It is a 
physical treatment of food similar to heating, 
freezing, or subjecting the food to microwaves 
or ultraviolet light. The process involves ex
posing the food, either packaged or in bulk, to 
gamma rays, X-rays, or electrons in a special 
shielded room for a specified period of time, to 

•achieve the technological purpose. Cobalt-60 
and caesium-137 are used as a source of gamma 
rays. Electrons and X-rays are produced by 
machines and involve no radioactive source. 

Food irradiation technology underwent a 
phase of research and technology in the 1960s 
followed by a long period of wholesomeness 
testing and safety evaluation in the 1970s and 
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1980s. Following the declaration by the Joint 
FAO/IAEA/WHO Expert Committee on Food 
Irradiation that irradiated foods are safe, the 
Joint FAQ/WHO Codex Alimentarius Commis
sion, a body representing 135 countries, 
adopted a general standard recognizing the 
safety of irradiated foods treated up to an over
all average dose of 10 kGy. The Codex stand
ard requires that food irradiation practices be 
followed and that the process be adequately 
controlled in licenced facilities. These require
ments, in turn, call for further research in good 
irradiation practices at the level of commercial 
applications, training of technical personnel, 
and information exchange. 

Radiation can be used to reduce food 
spoilage micro-organisms, including bacteria, 
moulds, and yeasts, to prevent sprouting or 
ripening (of fruit) and thereby, extend the 
shelf-life of fresh agricultural produce and fish. 
It also can reduce the level of pathogenic 
micro-organisms or parasites in food, which 
cause disease. Another application is in the 
prevention of post-harvest losses caused by 
infestation and in quarantine treatment. 

To date, 22 countries have adopted specific 
regulations on food irradiation and 37 countries 
have authorized one or more food items to be 
irradiated. Clearance bv the USA of food ir

radiation for the treatment of spices, poultry, 
and mangoes (for quarantine control) and the 
proposal of the Commission of the European 
Economic Communities for a directive to per
mit food irradiation, are significant develop
ments in this field. 

Rapid population growth and widespread 
food-borne diseases call for all efforts to 
reduce post-harvest losses and to ensure the 
hygienic quality of food. Disinfestation of 
fresh agricultural produce destined for export 
to countries with strict quarantine regulations 
and d e c o n t a m i n a t i o n of cer ta in food 
products destined for export, are required to 
prevent rejection of exports. Extending the 
shelf-life, and therefore the marketability, of 
perishable produce represents an important 
commercial advantage. 

Food irradiation requires continued re
search into its application to individual foods, 
trained personnel to control the process, spe
cialized equipment, and a regulatory system to 
ensure that safe and good practices are fol
lowed. An exchange of information through 
specialized workshops and co-ordinated re
search programmes is important as well. 

In 1985, the IAEA initiated a regional project 
on food irradiation to promote co-operation 

Gradually over 
recent years, con
sumers have been 
introduced to ir
radiated foods in 
many countries. 
In Latin America, 
as many as 12 
commercial ir
radiation 
facilities are ex
pected to be opera
tional by the end 
of 1990. 
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and provide assistance in the use of nuclear 
energy bearing in mind the special needs of the 
Latin American region. The immediate objec
tives of the project where to train staff to 
strengthen research and development of food 
irradiation applications and promote the dis
semination of information on the scientific, 
health, legal, and commercial aspects of this 
process. A regional co-ordinated research 
programme (CRP) on food irradiation was es
tablished in 1986. 

Between 1985 and 1989, the regional project 
on food irradiation was implemented with a 
variety of modes of financing including techni
cal co-operation projects, research contracts, 
regional projects, ARCAL, donor country, and 
other contributions. A preparatory mission in 
1985, which involved Argentina, Brazil, Colom
bia, Paraguay, Uruguay, and Venezuela, 
reviewed the situation regarding ongoing re
search, available infrastructures, and man
power resources and defined the requirements 
of the region. 

Following this mission, a regional co-or
dinated research programme on food irradia
tion was set up with the participation of 
Argentina, Brazil, Chile, Colombia, Ecuador, 
Guatemala, and Uruguay. Through this col
laborative research arrangement, which 
provided financial assistance to the participat
ing laboratories, research was carried out on 
the techno-economic feasibility of the irradia
tion process and applications at the pilot-scale 
level to a variety of selected foods of impor
tance to the region. Special emphasis was 
placed on improving the hygienic quality of 
food, quarantine treatment, and shelf-life ex
tension. 

General and specialized workshops were 
held to train personnel in areas such as techno-
economic feasability assessment or hygiene. 

Individual training and feasibility studies were 
carried out in several countries to demonstrate 
the viability of the process under commercial 
or piloi.-scale conditions. 

The project has demonstrated that irradia
tion is effective in reducing post-harvest losses, 
controlling insects in quarantine treatment, im
proving the hygienic quality of food, and ex
tending the marketabil i ty of perishable 
produce. Six countries in the region will have 
corr Tiercial food irradiators at the end of 1990 
wi ra a total of 12 irradiation facilities (mostly 
cobalt-60 source). Five of these countries have 
specific regulations on food irradiation (Argen
tina, Brazil, Cuba) or have permitted the irradia
tion of food (Chile, Mexico). Ecuador has an 
electron machine and will have an operational 
gamma-irradiator by the end of 1990; Colombia 
is upgrading its facility to the semi-industrial 
scale in 1990; and other countries in the region 
already have research-type irradiation facilities 
(Venezuela, Uruguay, Guatemala). 

Thus far, the project has stimulated research 
through a co-ordinated programme and has led 
to the establishment of commercial or pilot-
scale food irradiation facilities in the region. 
Training was provided on various aspects of 
food irradiation technology and progress has 
been made in introducing regulations on food 
irradiation. Four ARCAL countries—Argentina, 
Brazil, Chile, and Mexico — are playing a key 
role in the practical application of food irradia
tion technology in countries of the region. Ar
gentina, for example , is a competit ive 
producer of cobalt-60 and a constructor of ir
radiation facilities. 

Latin America undoubtedly can benefit from 
a proper application of food irradiation tech
nology. Efforts are being made to secure finan
cial support for a continuation of a food 
irradiation project in the region.Q 
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Breeding improved 
cereals through nuclear 
techniques 
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In Latin American countries, as in other 
developing regions of the world, increasing 

food production has become the major agricul
tural strategy. The extent of cereal production, 
especially of wheat or rice, determines the 
economic situation in most countries of the 
region, except those in the tropical areas where 
sugar cane, banana, or cassava play an impor
tant role. Even there, however, rice consump
tion has increased drastically and it is easy to 
foresee that in the near future, cultivation of rice 
will be expanded in several countries of the 
region. 

At present, cereal grain imports often supply 
as much as 90 percent of the Latin American 
countries' grain consumption and cause dif
ficulties in their balance of trade. Cereals such 
as rice, wheat, barley and, to some extent, 
sorghum, can be cultivated under a wide range 
of environmental conditions. Of all cereals, 
rice has the best capacity to adapt to different 
environments. This is probably the reason why 
rice alone, as no other crop, constitutes half of 
the diet of 1.6 billion people in the world . 

In Latin America, about 8.1 million hectares 
are devoted to paddy rice cultivation with an 
annual production of about 19 million tons, 
which indicates that yield per hectare, in com
parison to other regions is rather low, accord
ing to the Food and Agriculture Organization 
(FAO). 

Peculiar environmental conditions in certain 
parts of the Latin American region make it 
difficult to introduce modem, highly produc
tive cereal cultivars from other regions of the 
world. To explore the adaptability potential of 
cereals, it becomes necessary to breed new 
varieties which can tolerate adverse soil and 
climatic stresses. For this reason, many plant 
breeding programmes were established using 
the conventional approach to obtain step by 
step improvement in the yield potential of the 
major cereals. 

However, this conventional approach has 
met difficulties arising from limited natural 
genetic resources for specially needed plant 
characters such as tolerance to very high al
titude, volcanic ash soil, deficiency of available 

Tissue cultures are studied in the 
radiogenetic section of the nuclear energy 
centre for agriculture (CENA) in Brazil. 

phosphorus, or resistance to various pests and 
diseases which often differ from area to area. 
In this particular situation, the use of induced 
mutation techniques offers the simplest and 
most economic solut ion. New genet ic 
variability can be induced by mutagenic treat
ments and plants with desirable characters can 
be isolated using appropriate, very often 
simple, selection methods. 

The feasibility of mutation breeding for im
provement of local cultivars of rice, wheat, or 
barley already has been demonstrated in a 
number of countries including China, Czechos
lovakia, India, Indonesia, Italy, Côte d'Ivoire, 
Japan, and USA. Some 240 cereal cultivars 
have been developed by mutation techniques 
and officially released to growers between 1976 
and 1988. 

Most of these mutant-cultivars were ob
tained by direct multiplication of a selected 
mutant. At the same time, it is possible to 
observe a growing tendency to use mutants in 
different crops as parent material for cross
breeding programmes. For example, in 
Czechoslovakia, which is an important beer 
producer for the world market, 100% of the 
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Semi-dwarf sorghum mutants in Mexico are treated with gamma-rays. (Credit: Maluszynski/IAEA) 

spring barley area (more than 500 000 hectare) is 
sown with varieties obtained following crosses 
with one mutant (released as "Diamant") induced 
by X-ray treatment. This can be avoided by using 
newly developed biotechnological methods, 
particularly the "doubled haploids" (DH) 
method. By using artificial media, in so-called 
in-vitroÇm glass) culture conditions, it is possible 
to grow whole plants from embryos or even 
single microspores or pollen grains. These 
methods can accelerate plant breeding proce
dures by about 50%. However, it requires an 
in-vitro culture laboratory to allow the growth of 
plants in aseptic conditions. 

Considering the difficult situation of cereal 
breeding programmes in Latin America and 
the importance of cereal production for the 
economies of countries in the region, a 
project on the improvement of rice and other 
important cereals through mutation breeding 
was initiated in 1985 with the participation of 
most countries of the region. 

mutation techniques and to assist Latin 
American countries with different selection 
methods. Equipment for mutation breeding 
laboratories, as well as for experimental fields, 
is provided under these projects. Parallel with 
the building of facilities, intensive individual 
training programmes have been provided for 
plant breeders from different countries. 

Close contact with various institutes and in
stitutions responsible for plant breeding 
programmes in various countries leads to further 
co-operat ion and collaboration be tween 
breeders involved in the Agency programme, as 
well as other agricultural institutions with excel
lent conditions for large-scale selection program
mes. These plant breeding stations can evaluate 
agronomically crop mutants newly developed by 
other institutions linked to national nuclear 
centres. In some countries, it was possible to 
establish a joint programme wrth participation of 
nuclear centres and plant breeding stations from 
national agriculture ministries. 

National technical co-operation projects are 
the main forces in building basic facilities to use 

National technical co-operation activities 
enabled the project to focus on transferring 
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especially needed techniques by providing 
facilities and intensive training of scientific per
sonnel. In this case, the doubled haploid 
method had become the objective. 

The first step was to establish in vitro culture 
laboratories. In some countries of the region, 
such laboratories became the first plant 
biotechnology activities in the country. These 
efforts, paralleled with national technical co
operation projects, facilitated the concentration 
on expert activities on this topic. This was 
accomplished through training courses or 
w o r k s h o p s organ ized yearly unde r the 
programme. 

Each training course or workshop was in
tended to provide the necessary information 
and practical knowledge needed in currently 
developed experiments. For example, a train
ing course in Peru was devoted to the use of 
mutation techniques in connection with cereals 
in-vitro cultures. Technical co-operation in 
Costa Rica -was on the use of mutants for cereal 
cross-breeding programmes. In Guatemala, it 
covered advanced training on doub led 
haploids in cereals as a means to obtain rapid 
homozygousity of mutated progenies. 

Enhanced facilities and training led to the 
establishment of a co-ordinated research 
programme (CRP) to initiate the necessary re
search and experiments on mutation techni
ques in connection with doubled haploids. 
Additionally, the programme provides a uni
que tool to stimulate multi-institutional efforts 
to solve particular, well-defined scientific 
problems. Such endeavours include the 
evaluation of induced variability in generations 
after mutagenic treatment of different species 
and varieties as well as the estimation of the 
degree of genetic uniformity obtained in 
doubled haploid progenies. The programme 
already has brought very interesting and 
promising results. 

In the State of Sào Paulo, Brazil, 80% of the 
rice is produced under upland conditions. The 
LAC (Agriculture Institute in Campinas) 165 cul-
tivar is the most popular upland rice variety 
grown in this area. Unfortunately, this variety 
is tall and very susceptible to lodging, especial

ly under increased levels of nitrogen fertiliza
tion. Such an undesirable plant character prac
tically excludes yield increases by applying 
higher levels of nitrogen fertilizer. The IAC has 
organized programmes to improve this variety 
by crossing it with short stature paddy rice 
varieties carrying a gene responsible for semi-
dwarf character. This cross-breeding approach 
was not successful. 

Seeds of this variety were then irradiated by 
gamma rays. After 3 years, about 75 semi-
dwarf upland mutant lines were selected. Eight 
have presented good agronomic characteristics 
and will be used in breeding programmes. 
Similarly, from mutagenic treatment of paddy 
rice varieties suitable for growing in other areas 
of Brazil, mutant lines were selected with such 
desirable characters as semi-dwarfism, earli-
ness, improved grain quality, and high resis
tance to disease. 

Promising results also were obtained in rice 
in Guatemala. The local varieties had to be 
improved in such characters as earliness and 
tolerance to blast disease. After mutagenic 
treatments with gamma rays, more than 48 000 
plants were grown on experimental fields of 
the Institute of Agricultural Sciences and Tech
nology. In this population, among other inter
esting mutants, a good yielding mutant, earlier 
by about 2 weeks and with improved tolerance 
to disease, was selected. Detailed evaluation 
of the next progeny has confirmed its valuable 
characteristics. 

Resistance to the blast disease was also 
found following gamma-ray irradiation in 
mutated progenies of upland varieties of rice in 
Colombia and in those of a local variety. A 
large project with mutagenic treatments of rice 
in Cuba has produced many early maturing 
mutants. Earliness is a desirable characteristic 
for improvement of rice in that country. 

Consumption of wheat in Chile is one of the 
highest in the world. In the lake region, par
ticularly, wheat is the most important crop. 
Varieties cultivated there have shown some 
problems, however, due to extremely high 
acidity and deficiency of available phosphorus 
in the soil, a problem that is typical for volcanic 
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soils. Required applications of phosphoais fer
tilizer drastically increase the production costs 
of the c rop and convent ional b reed ing 
programmes are limited due to the lack of 
natural wheat genetic sources for this purpose. 
Mutation techniques were chosen as a simple 
tool to overcome this problem. 

Among 117 gamma-ray induced mutants of 
wheat which show an increase of tolerance to 
phosphorus deficit, two mutants were especial
ly efficient in phosphorus conversion as com
pared to varieties growing in the region. This 
result clearly demonstrates the potential of 
mutation techniques to induce new, desirable 
characters. 

In Parana, Brazil, there are some wheat cul-
tivars with a good yield potential because they 
adapt well to the local environment; but, they 
are tall and lodge badly under field conditions. 
In this situation, a semi-dwarf form was desired 
without changing the rest of the genetic con
stitution. As a result of the mutation breeding 
programme initiated in 1986, eleven semi-
dwarf mutants were selected and some of them 
showed good yield potential. One mutant is 
especially promising. According to plant 
breeders from Brazil and Mexico, this semi-
dwarf and semi-erect mutant can be a very 

good genetic source of such desirable charac
ters for wheat improvement, not only in 
Brazil, but in other Latin American countries 
as well. 

In Peru, there are large areas of flat land, at 
altitudes exceeding 3 200 meters. In this en
vironment, the sources of nutrition are mainly 
natural pasture plants, fodder barley and 
potato, faba bean, or a few vegetables. A muta
tion breeding programme began, as part of an 
IAEA technical co-operation project some 10 
years ago, to speed up the adaption of wheat 
and barley varieties from other regions of the 
world to these particular environmental condi
tions. Mutation treatment of seeds of a par
ticular barley variety has resulted in several 
mutants with desirable characters including 
earliness, vigorousness, and light grain color, 
important for beer quality. 

These promising but still preliminary results 
already have activated collaboration between 
Agency counterparts and other institutions 
responsible for plant breeding in various 
countries. They have stimulated similar inter
ests in neighbouring countries, and generated 
an exchange of scientific information ex
perience with particular breeding approaches 
and desirable plant material.• 

Vid28 

Rice is an impor
tant crop in Latin 
American 
countries such as 
Colombia.(CrediL-
Malusynski/IAEA) 
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Radioimmunoassay of 
thyroid-related hormones 

Radioimmunoassay (KIA) is a technique 
using radionuclides in diagnostic tests to 

measure minute quantities of substances, such 
as hormones, vitamins, and drugs, in body 
fluids. This technique offers distinct ad
vantages over chemical estimation because it is 
sensitive and specific and small samples can 
be measured more accurately. 

In Brazil, nuclear techniques are used in the 
treatment of thyroid disorders. 

Since first introduced in the early 1960s, RIA 
has gained wide acceptance as an analytical 
technique used in developing countries be
cause it is easily managed within the 
capabilities of local infrastructures. Although 
primarily applied for patient management, re
search also is increasing as expertise and 
resources improve. The technique is used 
most often for thyroid disorders, but is also 
used in the investigation of other endocrine 
conditions and public health problems. 

Radioimmunoassay of thyroid-related hor
mones is performed in all countries in the Latin 
American region with nuclear technology 
programmes, and is almost certainly applied to 
more patients than all other medical applica
tions of radionuclides combined. Agency tech
nical co-operation activities in 1987 indicated 
that recipient countries would derive greater 
benefits from these activities if they were of
fered in a more integrated project with better 
knowledge of the local situation. 

At that time, the practice of importing com
mercial RIA kits held distinct disadvantages for 
countries in the region. Imported kits were 
quite expensive and stimulated practices that 
compromised quality, such as analysis of single 
samples , or omission of quality control 
samples. Additionally, the uncertain logistics 
of importation lead to delays in delivery and 
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Training is provided in radioimmunoassay techniques and the use of equipment to reference 
laboratories throughout the Latin American region.. 

frequent switching among manufacturers, 
w h i c h a l so c o u l d have c o m p r o m i s e d 
quality. 

It was determined that the optimum strategy 
to improve supply of reagent kits was to switch 
initially from kits to sets of imported bulk-
reagents, and subsequently, as skills are ac
quired, to take over local preparation of 
particular components of these sets until most 
of the supply is indigenous. 

Another distinct advantage of a regional ap
proach to reagent supply is for several 
laboratories to co-operate in their acquisition of 
reagents. In the Latin American region, efforts 
under the ARCAL programme are mainly 
directed at promoting the transfer of RIA tech
nology by helping laboratories to obtain low-
cost reagent supplies and to monitor the quality 
of the assays. 

Taking advantage of the availability of RIA 
reagents in bulk at reduced costs, the initial 
project strategy was to procure them from a 
central source and encourage the introduction 
of "in-house" assays based on their use. 
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Packages of complete bulk reagents were 
supplied to laboratories in the region. An inten
sive training programme of regional courses, 
followed by others at the national level, was 
initiated to introduce the new methodology 
and procedures for internal quality control and 
modern data processing. 

The effect on costs by the end of the first 
year was dramatic. From reliable estimates, 
the reagent cost of assaying a single patient 
sample was reduced by a factor of about five, 
to less than US $ .50 from a previous average 
of US $ 2.50. An added advantage has been 
adherence to s tandard RIA and internal 
quality control practices which had been pre
viously neglected. 

Emphasis has been on creating the neces
sary infrastructure, based on an appreciation of 
existing problems and constraints, to enable 
RIA to fulfill its potential in serving health care 
needs. Since RIA is a multidisciplinary func
tion, its introduction should be considered in 
conjunction with the availability and state of 
development of other laboratory disciplines in 
the region. 



Fourteen countries participate in the 
project: Argentina, Bolivia, Brazil, Chile, 
Colombia , Costa Rica, Cuba, Ecuador, 
Guatemala, Mexico, Paraguay, Peru, Uruguay 
and Venezuela. Fourteen laboratories were 
selected by the technical officers as reference 
l abora to r ies and 40 as co-opera t ing 
laboratories. All were supplied with bulk 
reagents for RIA of thyroid-related hormones 
andsmall items ofequipmentandchemicalsfor 
the production of reagents. Research contracts 
were provided to reference laboratories par
t ic ipat ing in a co-ordina ted research 
programme (CRP). 

The project is designed to stimulate regional 
and national production of reagenB for RIA of 
thyroid-related hormones which will allow a 
considerable increase in the use of these impor
tant diagnostic procedures. As a result, RIA 
services are available to a greater number of 

patients, particularly in the inland and highland 
areas, where most thyroid patients are found. 

Some 27 national training courses supported 
the effort in 17 countries. These courses ex
tended the technical capability in RIA techni
ques and quality control to some 350 scientists 
in Latin America. Regional courses and 
workshops also were held on: 

preparation and use of bulk reagents 
for RIA of thyroid-related hormones 
(Chile), 

• radioisotope methodology with spe
cial emphasis on RIA (Buenos Aires), 

external quality control in RIA 
(Asuncion, Paraguay), and 

• preparation and use of regional bulk 
reagents for RIA of thyroid-related 
hormones (Sào Paulo), ü 

Inoculation of irradiated 
snake venom in Brazil. 
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Nuclear information 

It has been said that we live in an information 
age and nowhere can this be better seen than 

in the scientific and technical world. The 
amount of information being generated is 
growing rapidly every year and a way to 
manage it becomes more important as every 
year passes. This is especially true for the 
nuclear sciences. 

Nuclear information is one of the pillars on 
which basic research and engineering can be 
built. With the proper information, scientists 
and engineers can use existing research to fur
ther their work. However, a method by which 

that information is made available must be 
found. This is one of the principles upon which 
an ARCAL project on nuclear information is 
built. 

In order to provide adequate information 
services to the Latin American region, dynamic 
information centers must be available to 
nuclear scientists and engineers; and these 
must be the foundation from which all services 
emanate. The primary task of the project, 
therefore, is to establish information centres in 
the region. The first step was to identify the 
elements necessary to operate a successful 

Information centers in Latin American countries such as Cuba provide a focal point for current 
information on the nuclear sciences. 
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nuclear information center. Once the require
ments had been identified, efforts were in
itiated to assure standardization of centers 
throughout the region. To assist in meeting this 
objective, a workbook was developed. 

Member States apply for the standardized 
nuclear information centre package to begin a 
project. An IAEA expert is sent to the country 
to identify elements necessary to improve ser
vices in the country. Although each country has 
unique needs, the standardized aspect of the 
package provides a guideline to assist in iden
tifying these needs. Many components essen
tial to initiate a centre are provided by the 
IAEA.Those elements which require con
tinuous support are provided by the country 
itself. This becomes a synergetic process by 
which information services are being improved 

in the region. Several such centers are in 
various stages of development. 

Information technology is changing. The 
provision of equipment necessary for those 
changes is needed in the Latin American 
region. Traditionally, libraries and information 
centres stored their information as printed 
books and journals. The availability of new 
information media has given centres around 
the world the ability to provide a comparable 
level of service. 

The identification of what information is 
available for a scientist or engineer is the first 
step in providing good services. The Interna
tional Nuclear Information System (INIS) 
database on compact disc-read only memory 
(CD-ROM) is a good example of how centres 
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can be assisted. The IAEA IMS database provides 
bibliographic references to published literature in 
nuclear science and technology. With a personal 
computer, a CD-ROM player, and the INIS CD-
ROM disc, an information specialist can perform 
sophisticated searches, previously available only 
through large, mainframe computers. The centre 
in Chile, by using this technique, provided infor
mation to assist in the planning and support of a 
conference on the use of isotopes in fertilizer 
studies, for example. 

Information resource sharing is another 
basic aspect of the nuclear ARCAL information 
project. The delivery of original documents, 
such as copies of journal articles, is a basic part 
of information service. However, the material 
is often not available in a centre. To make such 
information more widely accessible, a regional 
network is being formed among the participat
ing countries in ARCAL. This initially will take 
the form of a list of journals available in each 
country. With this list, when a document is 
needed, the information specialist will be able 
to write to the closest centre that owns the 
journal title. This sharing of information helps 
to give each centre more access to basic jour
nals in nuclear science. 

In order to build this network, an expert 
from Brazil travels to each participating country 

to identify available journal titles. As part of this 
effort, he assists the centre to automate the 
journals processing.. The establishment of this 
network extends beyond the atomic energy 
organizations traditionally associated with 
ARCAL. For example, in Mexico, this network 
brings in different institutes, such as the Con-
sejo Nacional de Ciencias y Tecnologïa (CON-
ACYT) with the Mexican centre at the Instituto 
Nacional de Investigaciones Nucleares (ININ). 
This co-operation with other national bodies 
helps to disseminate nuclear information more 
widely. 

An important part in building the infrastruc
ture for nuclear information is proper training 
of librarians and information specialists in the 
region. For this, training courses are held to 
provide know-how in the latest developments 
in information technology. Software packages, 
such as CDS/MicroISIS from UNESCO, which is 
being customized by the Centro de Infor-
macion at the Comisiôn Naciônal de Energïa 
Atômica in Argentina, is being taught at training 
courses in the region. 

Fellowships for in-depth training also 
help to build the staff. The nuclear infor
m a t i o n c e n t r e at t h e CNEN in Brazil 
provides extensive services for on-the-job 
training. • 

Using the IAEA/IMS 
CD-Rom disc, infor
mation specialists 
in Colombia can per
form sophisticated 
searches. 
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Geothermal exploration 

Geothermal resources—the possibility of ex
ploiting the heat of the Earth's interior for 

purposes such as electrical power production— 
are available in most Latin American countries. 
This'affects the subduction of the Pacific Plate 
along the western coast of North and South 
America, which gives rise to numerous volcanoes, 
fumaroles, and hot springs. A smaller subduction 
zone, of interest to the American continent, is 
located along the arch of the Lesser Antilles. 

Many Latin American countries have con
siderable potential geothermal resources in
cluding those with territory in the Andean 
Cordiellera in South America, most of Central 
America, and Mexico. In El Salvador, geother-
mal ly-genera ted electricity is the major 
source of power, while Mexico is the world's 
third largest producer of electricity from 
geothermal resources after the USA and the 
Philippines. 

Wells are being explored at Sol de Manana Laguna Colorado, Bolivia for possible geothermal 
power production to promote the exploitation of 'mineral resources. (Credit: PatiUa/Bolivia) 
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Technicians sampling 
gases in Homellas, 
Costa Rica, using a 
sampling container. 

Before planning the exploitation of any 
geothermal field, it is necessary to understand 
its nature and assess its major characteristics. 
For this purpose, geochemical techniques in
clude the use of "environmental" isotopes — 
those whose concentration in natural com
pounds and the environment is governed by 
natural processes. Such techniques are most 
efficient and economic tools used in the assess
ment of geothermal field potential. 

The aim of the ARCAL project in geothermal 
exploration is to investigate numerous geother
mal fields in Latin America, making use of ex
isting laboratories in the region, and with 
assistance from external laboratories when re
quired. 

Several aspects of such explorations are not 
easily accessible. Nuclear techniques can help 
determine information such as the temperature 
of the geothermal field at depth, the processes 
which the geothermal fluid may undergo on its 
way to the surface (mixing, evaporation, etc.), 
the origin of its components, and the interac
tion between water and rock. Among these, the 
temperature at depth is most crucial, a mini

mum value of 150* C usually being required for 
electricity production. 

Chemical and isotopic equilibria depend on 
temperature. However, these equilibria often 
are not fully attained due to slow kinetics, are 
masked by other reactions and mixing, or par
tially modified by processes occurring during 
the rise to the surface. Although the interpreta
tion often is not straightforward, methods have 
been developed which allow evaluation of 
temperature from isotopic and chemical 
analyses with a reasonable degree of con
fidence. 

The analyses are carried out on samples 
collected from hot springs and fumaroles, or 
from exploration wells if available. Ideally, the 
geochemical exploration should be carried out 
before an expensive drilling operation and 
should constitute one of the basic elements for 
deciding if drillings should be undertaken. 

A co-ordinated research programme (CRP) 
in geothermal exploration began in 1984 with 
a seminar in Morelia, Mexico. Field investiga
tions began in 1985. The programme will con-
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elude in 1990 with a co-ordination meeting in 
San José de Costa Rica in November 1990. 

A number of geothermal fields have been 
investigated under the programme during the 
first phase of ARCAL; many are currently under 
investigation in the nine countries taking part 
in this programme. Included in the investiga
tions are: Copahue and Domuyo, Province of 
Neuquén, Argentina; Laguna Colorada, Em-
pexa, and Volcan Sajama, Bolivia; Tufino -
Chiles - Cerro Negro at the border between 
Colombia and Ecuador; Paipa in Colombia; 
Miravalles in Costa Rica; Chachimbiro, Cuenca, 
and Chalupas in Ecuador; Zunil, Amatitlân, San 
Marcos, and Tecuamburo in Guatemala; Los 
Humeros in Mexico; Tutupaca, Challapalca, 
and Calientes in Peru; Las Minas, Mundo 
Nuevo, and Aguas Calientes in Venezuela. 
Other new geothermal areas will be inves
tigated during the last year of the programme. 

It is anticipated that scientific and research 
ob jec t ives of the p r o g r a m m e will be 
achieved. The results of this CRP also will 
have an important practical aspect—the ex
ploration of available potential resources of 
economic importance, which may or may not 
be exploited in the near future. The decision 

on exploitation depends mainly on non-tech
nical factors, such as the current price of other 
sources of energy, the need of energy in areas 
close to the geo the rma l fields, current 
economic conditions of the country, and 
availability of international financing. These 
factors are not fixed. Therefore, it is important 
to know the characteristics of the geothermal 
resources available. 

Unprecedented collaboration and sharing 
of scientific knowledge and technical ex
perience has resulted from the CRP in a field 
of major scientific and practical interest for 
many coun t r i e s of the reg ion . It has 
genera ted larger technical co-operat ion 
projects for the application of isotopes in 
geothermics in Costa Rica and Mexico, for 
example, and indirectly in other countries, 
which did not participate in the programme, 
such as El Salvador and Nicaragua. 

Institutes and experts from outside the 
region have helped in implementing the 
programme; in particular, the Instituto Inter-
nazionale per le Ricerche Geotermiche of the 
Consiglio Nazionale per le Ricerche, Pisa, 
which was the technical counterpart for the 
programme in the donor country.Zi 
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Samples of geothermal gas are taken from a well in the Volcan Miravalles field in Costa Rica. 
(Credit- Vaca/San José) 
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Isotope techniques in 
hydrology 

Supply of good-quality water to population, 
industries, and farmers for irrigation is a 

major problem in most countries, particularly 
in developing countries. As the identification 
of new water resources has become increasing
ly difficult, major efforts should be directed 
towards the protection and rational use of ex
isting resources. Environmental tracers play an 
important role. 

Nuclear techniques using isotopes are 
precise, modern tools for studying water 
resources. They can provide an adequate solu
tion to the problem of the origin, distribution, 
and properties of water in a given region, espe
cially when they are combined with all other 
tools available to hydrologists, hydrogeologists, 
and geochemists. 

An ARCAL project on the application of 
isotopes in hydrology promotes the use of 
isotope techniques in water resources evaluation 
and protection. This includes assessment of con
tamination processes in large aquifer systems, 
including natural contaminants (salt dissolved 
into groundwater), and the study of aquifer vul
nerability or the risk of being exposed to con
tamination. 

An ideal water tracer should have a be
haviour which is as similar as possible to that 
of the water and, at the same time, it should be 

easily detectable—possibly in situ—and easily 
injectable over large regions of a hydro-
logeological system. 

Artificial isotopes emitting gamma radiation 
possess some of these characteristics because 
they are easily detectable; while environmental 
isotopes, whose measurement is more difficult, 
are injected over the entire system by natural 
processes. Isotopes such as tritium, deuterium, 
and oxygen-18 are part of the water molecule 
and therefore have a behaviour which is iden
tical, or almost, to that of the bulk of water in 
the system. 

In 30 years of investigations and application 
of isotopes to case studies, a considerable 
amount of information and knowledge has 
been accumulated. Therefore, a skilled isotope 
hydrologist should be able to select those 
isotopes and techniques most suitable to the 
hydrological problem to be solved. 

An important point of interest is the 
residence time of water in an aquifer, also 
called the "age" of the water. Several radioac
tive isotopes can play a role—depending on 
their half-lives—to settle the question of how 
long ago the water under consideration was in 
contact with the atmosphere. Very young 
groundwater means that replenishment can 
depend on the rainfall in a certain year and that a 
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Nuclear techniques using isotopes in hydrology studies 
are used in Colombia as part of an ARCAL project 

dry season can be followed by a lack of 
groundwater. The other extreme, very old 
groundwater, can imply no replenishment and 
therefore mining of the groundwater. 

to San José, Costa Rica; the 
aquifer systems of Laguna 
Torreôn and Saltillo-Monterrey, 
in the States of Coahuila and 
Nuevo Leon, Mexico; the Lima 
aquifer in Peru, with emphasis 
on the contamination occurring 
in the Naranjal-Aeropuerto 
area; and Lake Valencia and 
the surrounding aquifers in 
Venezuela. 
Consequences of deforesta
tion on groundwater, the 
groundwater system of Cearâ 
plateau, State of Cearâ, Brazil. 
Consequences of exploita
tion on groundwater: the 
Sabana de Bogota aquifer, 
which is heavily exploited for 
the water supply of the capital 
of Colombia; and the aquifers 
exploited for the water supply 
of Guatemala City, Guatemala. 
General groundwater 
resources assessment and 
pollution risk: the Rio Tem-
pisque valley groundwater in 
Costa Rica; and the Arujo-
Aquacata karst system in Cuba. 

Field investigations under the project being 
conducted in areas include: 

• Origin of sahne water intrusion 
(natural or induced by exploitation): the 
Puelchense aquifer system in the region 
of La Plata, Argentina; the Cochabamba 
aquifer in Bolivia; the basins of Rio San 
José and Salar de Huasco in hyper arid 
Northern Chile; and the aquifer of the 
Playa de Portezuelo near Montevideo in 
Uruguay. 

• Pollutionfrom industrialandurban 
releases, and agricultural practices: 
the Bauru aquifer in the experimental 
basin of Rio Turvo in the State of Sào 
Paulo, Brazil; groundwater of Rio Ber
muda basin in the Heredia zone close 

Investigations frequently are conducted 
with assistance from experts in the region. 
Most isotope analyses are carried out in the 
region. Results from the first year of the project 
will be evaluated at the first co-ordination 
meeting, scheduled for September 1990 at 
Porto Alegre, Brazil. 

Training activities have been undertaken as 
well, including an advanced training course on 
isotope hydrology, which took place in Santiago 
de Chile in April-May 1990. In a number of Latin 
American countries, the training level should be 
upgraded since a preliminary conclusion of the 
programme indicates that the basic know-how is 
available and well-consolidated. In some 
countries, however, no institutions exist to carry 
out investigations with isotope techniques. 
Therefore, some fundamental courses will be 
necessary as part of the programme.• 
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Insect and pest control 

Insect pests reduce the availability of 
agricultural goods and products and in

directly lead to environmental contamination 
caused by the indiscriminate use of insec
ticides to control them. A classic example, 
common throughout the world, are fruit flies 
which cause incalculable damage and losses 
to fruit and vegetable production often 
necessitating quarantine measures between 
countries, causing important economic los
ses in producing states. 

In Latin America, one of the main factors limit
ing agro-economic development is the presence 
of a number of fruit flies. In 1987, at a meeting of 
plant health directors of Latin America, the Carib
bean, the USA, and Canada, sponsored by the 
Inter-American Institute for Co-operation in 
Agriculture, it was declared that an emergency 
situation existed in the hemisphere. Other inter
governmental meetings followed, resulting in 
numerous formal declarations that an integrated 
programme for the prevention, control, and 
eradication of fruit flies in the region was vital to 
its economic and social development. 

A nuclear technique—called the sterile in
sect technique (SIT)—uses radiation to sterilize 
insect pests at appropriate stages of develop
ment before they are released in infested areas. 
Their mates do not produce offspring. With 
repeated releases, the insect population is dras
tically reduced, or even eradicated. 

The Mediterranean fruit fly (Medfly) has 
been eradicated from Mexico using the SIT in 

combination with other control technologies. 
The economic benefit of this eradication is es
timated at more than US $500 million per year. 
This campaign, conducted jointly by Mexico 
and the USA, moved into Guatemala where the 
Medfly has been eradicated from approximate
ly 30 percent of the country. The economic 
benefits of medfly eradication, as well as other 
species of fruit flies, is the driving force behind 
these rather complex and expensive eradica
tion campaigns. 

The use of the SIT for the eradication of the 
medfly is a proven technology. Continuous 
improvements are being made, to a large 
extent supported by the IAEA in co-operation 
with the Food and Agriculture Organization 
(FAO). 

During 1989 and 1990, technical co-opera
tion projects were implemented in Guatemala 
and Ecuador on various aspects of fruit fly SIT. 
The Agency has provided a staff member who 
is posted in Mexico and Guatemala to transfer 
newly-developed starter diet and larval diet 
recycling techniques to the medfly mass-rear
ing facilities in these countries. The results are 
impressive; annual savings of about US $ 1 million 
in rearing costs. 

In response to the needs of the region, a 
project under the ARCAL programme was for
mulated in 1989 for a project on fruit fly eradica
tion using the SIT. The programme envisaged 
research contracts in as many as 10 countries 
and a regional co-ordinator to ensure that the 
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activities among the countries were mutually 
supportive. 

During 1989, some 75 scientists from 
throughout the region attended a seminar in 
Guatemala City on fruit fly SIT. Preceeding the 
seminar was a regional training course at
tended by 25 trainees from the region. 

For 1991, the Agency has been requested to 
provide the services of consultants to assist 
ARCAL scientists in the initiation of studies to 
be undertaken for possible SIT application 
against fruit fly species. This would also in
clude the definition of infrastructure and training 
necessary to carry out such activities as well as 
advice on studies dealing with the life cycle and 
radiobiology of other species of fruit flies. 

Later in the project, subcontracts are planned 
for these studies in countries where there is no 
application of the SIT, as well as group training 
supported by individual training courses. 

Efforts under the ARCAL programme on the 
use of the SIT for the eradication of fruit flies 

would undoubtedly contribute to the transfer 
of appropriate eradication technology in Latin 
America. With a sound economic base, such 
activities would open export markets for new 
products with high demand. Not only would it 
benefit the large fruit plantations, but also small 
producers because this latter group does not 
have the resources to effectively control fruit 
flies with insecticides. 

Latin American Member States recognize 
the impact of fruit on their agricultural 
economy. And, because the SIT is environ
mentally safe, interest in the technique 
demonstrates awareness of the fact that the 
insecticide load on the environment must be 
reduced. 

To effectively assist Latin American 
countries to apply the SIT in fruit fly control 
or eradication programmes, extra-budgetary 
resources will be required. These funds, if 
they become available, would be used for 
research contracts and co-ordination of ac
t iv i t ies of i n t e r e s t e d c o n t r a c t o r s and 
governments. • 
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Future directions 

The first phase (1985-1989) of the ARCAL 
programme was one of constant growth. 

In many ways, the second phase (1990-1994) 
should be a period of consolidation. 

The countries in the Andean Group that had 
begun in the early 1980s to think about co
operation in the nuclear field to solve common 
needs in the region, were able to raise enough 
interest by 1984, when the ARCAL initiative was 
officially launched: ten countries started par
ticipating actively in the programme. During 
the following 5 years, membership grew to 15 
countries so that most states with significant 
nuclear activities participate in the programme. 
However, there are a few Caribbean countries 
that may benefit from joining the ARCAL 
programme. It is expected that they will re
quest to participate. 

As a result of this co-operative effort, Latin 
American countries have a better under
standing of the infrastructure and the technol
ogy in the nuclear field that is available in the 
region. The concept of co-operation between 
deve lop ing count r ies also has b e e n 
strengthened in Latin America. Before ARCAL, 
expert services or training were requested out
side the region. Now they are usually provided 
within the region, at least in relation to the 
execution of the projects under ARCAL. It is 
foreseeable that in coming years, more inten
sive use of the regional infrastructure, including 
that which is outside the nuclear institutions, 
will take place. 

During the first phase of the programme, 
projects were executed mainly by nuclear in
stitutions, in areas where they were working 
directly. During the second phase, some of 
these projects will continue because they have 
long-term objectives and are creating an in
frastructure that is badly needed. These 
projects are in radiation protection, instrumen
tation maintenance, and nuclear information. 

In the area of radiation protection, the new 
phase emphas izes the es tabl ishment of 
regulatory frameworks, standardization of 
common approaches with regard to radiation 
safety principles, increases in the reserve of 
manpower resources, fostering the exchange 
of information on radiological safety, and in
tegration with other ARCAL projects. In this 
project, activities are planned for 5 years. 

In nuclear instrumentation, the new phase 
addresses two types of activities: development 
of expertise in advanced aspects of nuclear 
instruments and improvement of maintenance 
and sen/icing of equipment available in the 
region. As with the project on radiation protec
tion, a 5-year period of activities has been 
planned. 

In nuclear information, the new phase that 
should conclude after 3 years will complete the 
establishment of an adequate nuclear information 
infrastructure within each country, as well as an 
efficient regional information and document shar
ing system among the participating countries. 
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Other projects will continue from the first 
phase in the areas of animal sciences, produc
tion of kits for RIA of thyroid-related hormones, 
and study of water resources and associated 
pollution problems. In these subjects, the in
stitutions participating in ARCAL are helping to 
solve national problems using similar nuclear 
techniques. 

More specifically, within the animal sciences 
project, two areas will be dealt with during a 5-
year period. The first will address the develop
ment of feed supplementation strategies for im
proving indigenous ruminant productivity on 
small holder farms. These food supplements 
should be within the economic capabilities of the 
farmer. The second area will deal with the diag
nosis and control of diseases in ruminant live
stock. 

In the area of production of kits for RIA of 
thyroid-related hormones, a 3-year plan of ac
tivities should allow for establishment in the 
region of the production of all reagents that go 
into these kits, as well as their testing in a 
p rogramme on screening for congenital 
hypothyroidism. 

In the area of water resources and their pollu
tion, the objective of this project initiated in 1989 
is to improve the knowledge and use of isotope 
techniques in practical problems (one in each 
participating country) in the field of groundwater. 
It is probable that the project will need an exten
sion to reach its objectives. 

During the second phase of ARCAL, other 
projects involving institutions outside nuclear es
tablishments, in areas where nuclear technology 
can contribute to solve common needs, will be 
established. These new areas include industrial 
applicat ions, agriculture, production of 
radiopharmaceuticals, and environmental pollu
tion studies. In the area of industrial applications, 
a project on the use of sterilization processes, 
nucleonic gauging, and utilization of tracers is 
being proposed. In the area of agriculture, a 
project on increasing agricultural productivity by 
effective use of soil and water resources as well 

as of applied fertilizer, has been designed. In 
radiopharmaceuticals, the objective to produce 
in the region all reagents necessary to manufac
ture the most commonly used kits. In environ
mental pollution, the objective would be to 
study specific pollution problems and to 
upgrade the infrastructure required toward this 
end. 

The introduction of these projects will increase 
not only the interest of entities dealing with 
production of goods or environmental aspects in 
the Latin America region, but also the interest of 
countries and organizations that are willing to 
fund these activities. Other projects from the first 
phase, dealing with analytical techniques or re
search reactors will probably become activities 
which will support the development of the 
ARCAL projects. 

During the Second phase, emphasis will be 
placed on more practical and result-oriented 
projects, with objectives that are reachable 
within the time frame of the projects. New 
projects will be started, but at the same time some 
projects from the first phase will be completed. It 
has been considered that the number of projects 
and activities within them should not increase 
unless new counterparts and topics of interest to 
them are brought into the programme. 

The main objective of the second phase is to 
achieve a regional self-sufficiency that will enable 
the countries to strengthen mutual collaboration. 
To accomplish this, it is necessary to increase the 
level of government support to the programme. 
This will be accomplished by strong support from 
national Governments, provision of more resour
ces, both in- kind and hard currency, as well as 
by facilitating the participation of many counter
parts in the projects. 

After 5 years of ARCAL, this regional co-opera
tive effort is a good example to be followed by 
other integration programmes in Latin America. 
However, the continuing success of this 
programme will depend on the emphasis its 
member s p lace on s t r eng then ing the 
programme.• 
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