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INTRODUCTION 
Guatemala became Member State of the Agency in 1957 and 

since 1958 has been participating in the Agency's technical co
operation programme. 

The Division of Technical Co-operation Programmes of the 
Department of Technical Co-operation of the IAEA selected 
Guatemala as the first country in Latin America in which a 
Country Programme Review was to be undertaken. The choice was 
based on the fact that Guatemala has recently made remarkable 
efforts to strengthen its nuclear programme by providing the 
General Directorate for Nuclear Energy of new premises as well 
as suitable new laboratory facilities, and it is starting a new 
phase in its nuclear development programme. 

For the purpose of this review a three expert (Messrs. Luis 
Barragan, Renato Radicella and John I. Richards) mission was 
carried out from 9 to 17 November 1991 and this document 
reflects the findings and recommendations of the team. Contacts 
with the various sectores in the country were co-ordinated by 
the General Directorate for Nuclear Energy, with the co
operation of the Resident Co-ordinator of the United Nations 
System's Operational Activities for Development and his Office. 

The terms of reference of the mission were: 
1. To assess the on-going projects. 
2. To assist the Guatemalan authorities in determining 

priority areas for the introduction or development of 
the applications of nuclear techniques. 

3. To assist Guatemalan institutions in the formulation 
of new technical assistance requests for the 1993-94 
TC programme. 



1 - COUNTRY PROFILE 

The Republic of Guatemala with its 108.889 sq. Km is the 
third largest country of Central America. It is bordered on the 
north and west by Mexico; on the east by Belize, the Caribbean 
Sea, Honduras and El Salvador; on the south by the Pacific 
Ocean, with a 240 Km coastline. Two thirds of its area are 
mountainous, with several volcanoes, some of them active. 
Guatemala is located in the tropic zone, but temperate seas and 
irregular terrain provide a diversity of climates, from 25° -
30°C average annual temperatures range at sea level to 13°C at 
elevations greater than 2000 m. The country is heavily forested. 

From the "Advisory note on the Sixth Country Programme of 
Technical Co-operation with Guatemala (1992-1996)" prepared by 
the United Nations Development Programme in 1991, the chapter 
"General Socioeconomic Characteristics of Guatemala" is 
reproduced below, together with that related to the "Existing 
Economic Situation and Trends". 
1.1 " General socioeconomic characteristics of Guatemala 

" The Guatemalan economy is basically an agricultural economy 
and continues to depend on the export of traditional 
agricultural products. During the past decade the 
agricultural sector has represented 25% of GDP and 75% of 
total exports. More than half of the v/orkforce is employed 
in this sector. This sector is also characterized by 
traditional forms of production and by little use of modern 
technologies. In addition, there are few effective 
government incentives to increase production and 
investment. During the last few years there has been a 
reduction and absence of public investment in 
infrastructure and services. The manufacturing sector 
represents 16% of GDP and employs 13% of the workforce. 
Development of this sector has been characterized by strong 
protection measures and has focused basically on light 
industry supplying the Central American market. It has 
therefore been very vulnerable to conflicts in the region. 
Investment rates are also low and there is little diversity 
of products and markets. 

it In general terms, the economy had dual characteristics. On 
the one hand, the majority of land and other means of 
production are in the hands of a managerial group which has 
easy access to credit and technology and produces basically 
for export (including coffee, cotton, sugar, cattle, 
"maquila" and processed agricultural products). On the 
other hand, the majority of the population have little or 
no access to credit, technology and production inputs and 
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produce mainly for the domestic markets at subsistence 
level. 

" Data for 1979 showed that farms larger than 44.5 ha 
represented 3% of farms and occupied 65% of land, whereas 
farms less than 3.5 ha represented 81% of farms and 
occupied 10% of land. In 1990, the distribution of income 
had the same characteristics as the possession of land: the 
highest fifth on the income scale received 60% of the 
national income, whereas the lowest fifth received only 
2.8%. In 1989, the per capita GDP was US $920. 

" The Guatemalan population (9 320 000 inhabitants in 1990) 
is increasing at a rate of approximately 3% per annum. In 
2000 it will exceed 12 000 000, having doubled in a period 
of 20 years. It is essentially a young population (46.2% of 
the total population are under 14) which is dependent, with 
a high rate of illiteracy and without the training 
necessary for productive work reguiring a certain level of 
technology. 

" Approximately 45% of the population is regarded as 
indigenous, with a linguistic variety covering five 
languages and at least 17 dialects. At least 85% of the 
population lives in rural areas. The diversity of ethnic 
groups means that Guatemala has a rich culture. However, 
the dual characteristics of the economy are reproduced 
socially and culturally, affecting particularly the 
indigenous population group, the majority of which are at 
the bottom of the picture of national critical poverty. 
This situation poses a particular challenge for the 
country's economic and social development. 

" The country's natural resources are tending to be eroded, 
in many cases irreversibly. The increase in population, the 
concentration of population in certain regions (7 
inhabitants per km2 in Petén, 949 inhabitants per km2 in 
the metropolitan area of Guatemala province) , the use of 
traditional cultivation methods and lack of policies 
designed to protect the environment have contributed to a 
significant increase in deforestation, erosion of soils and 
reduction in groundwater levels leading in turn to low 
agricultural productivity. 

2 "Existing economic situation and trends 
" "The Guatemalan economy suffered a serious setback during 
the first half of the last decade. From 1980 to 1985 the 
GDP decreased at an average rate of 1.1% per annum 
(compared with an average annual increase of 5.7% during 
the 1970s) . A recovery started in 1986 and from 1987 to 
1990 there was an average annual increase of 3.7%. These 
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results were achieved with a relatively modest inflation 
rate for 1987 and 1988 (10.5%), which has increased since 
1989 to 40% in 1990. Despite this fact, from 1980 to 1990 
per capita GDP fell by 18% and real salaries by more than 
30%. 

" The economic increase over the past four years is in part 
the result of the increase in exports and the dynamism in 
the construction sector and in the area of commercial and 
financial services. The positive effect of the increase in 
exports was counteracted by the low flow of capital and by 
increases in imports and debt service (32% of the total 
value of exports for 1989). 

" Despite diversification of investments in products such as 
cotton, sugar, cardamom and cattle, coffee continues to be 
the most important export product (31% of total exports in 
1989). However, a major effort has been made in Guatemala 
to increase the exports of non-traditional products (44% of 
total exports in 1989). These include the accelerated 
expansion of the cultivation of vegetables, flowers and 
other fruit, which, if it continues to increase, could 
result in a significant diversification of the productive 
structure of the agricultural sector. 

" During 1989 and 1990, the Government implemented a number 
of stabilization measures which were somewhat timid and 
isolated. The exchange policy was modified to liberalize 
the currency market, interest rates were increased and the 
pricing policy was liberated. The foreign payment crisis 
in the middle of 1989 resulted in a reduction in external 
financing. It is hoped that during the next few years the 
process of stabilization and adjustment will be firmer and 
more coherent. 

" The imbalance in fiscal accounts worsened in 1989. The 
deficit in the public sector was 3.8% of GDP. Through the 
Government's efforts this figure was reduced to 2.9% in 
1990. The deficit was largely due to the low taxation rate 
(average of 7.3% of GDTP during 1980-90), great 
inefficiency of tax collection, the increase in current 
expenditure, and higher demand for domestic credit 
resulting from the closure of foreign credit windows, one 
of the restrictions imposed on Guatemala owing to the delay 
in debt service. 

" The combined effects of inflation and devaluation had a 
negative effect on certain productive activities. The rate 
of agricultural increase fell from 4.3% in 1988 to 2.5% in 
1989. However, the change in exchange policy had a positive 
effect on exports, particularly non-traditional exports. 
Despite an annual increase of 2% from 1987 to 1989, the 



_.jajlB>MwgHgjM«lMB'»HtNBSSW^^ mmgamgaammtmm 

manufacturing industry was not able to recover from the 
effects of the downturn experienced by the Central American 
Common Market as of 1979. However, it is hoped that some of 
the new policies and laws that have been announced 
(reduction of customs duties, law for the promotion and 
development of export activity, "maquila" and the tax-free 
zone law) will help induce some dynamism in this sector. 

2 - NATIONAL DEVELOPMENT PLANS 
The administration inaugurated in 1991 has established four 

main strategic objectives: 
a. Eradication of extreme poverty 
b. Consolidation of the peace and national reconciliation 

process 
c. Strengthening of democratic processes, respect for human 

rights and civic participation 
d. Economic recovery 
Several actions have been outlined to achieve these 

objectives. Those that could orientate the technical co
operation with the Agency are reproduced from the UNDP Advisory 
Note: 

" Economic recovery will depend on an increase in national 
production of goods and services for the domestic consumer 
and exports, particularly through the moderninzation and 
diversification of agricultural and industrial production 
and tourism; 

" In order to support economic growth and social well being, 
the basic infrastructure will have to be strengthened 
through rehabilitation of the transport infrastructure and 
social services, as well as a diversification and 
strengthening of energy generation to support production ; 

" The environment must be protected to ensure sustainable 
growth, promoting the integral and rational use of natural 
resources ; 

" To promote the reactivation of the regional integration 
process as a means of improving the country's position in 
the international economy and speeding up the rate of 
economic recovery; 

11 To improve access to international co-operation, for which 
a national management system for international co-operation 
would be set up to optimize the use of these resources. 
Concerning point d, "Economic Recovery", the UNDP has 

À 
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proposed to concentrate the technical co-operation on the 
"Stabilization and Economic Growth" in the following way 
(Advisory Note, par.57): 

" The Guatemalan Government has attached high priority to the 
stabilization of the economy and reactivation of the 
agricultural, agroindustrial and industrial sectors. In 
order to achieve these objectives, the activities of the 
UNDP could concentrate on: 

" Strengthening the dialogue with international financial 
organizations, within a framework of stabilization and 
adjustment, in order to reopen international credit windows 
and to increase the flow of foreign investment through 
extensive programming and promotion efforts ; 

" Contributing to the increase in productivity and 
competitiveness of Guatemalan production, particularly in 
the agricultural, industrial and agro-industrial sectors. 
In order to achieve this, the following four actions are 
considered necessary: 
(i) In co-ordination with the agencies of the system, to 

co-operate with the Government in the formulation and 
implementation of a national export programme, 
including identification of markets, development and 
improvement of agricultural and industrial products, 
institutional strengthening and training in foreign 
trade to increase the national international 
negotiating capacity and to create the appropriate 
climate for the development of exports and 
investments. In order to promote still further the 
potential of such a national programme, the UNDP 
suggests that it should continue to support, within 
the framework of the PEC, the process of Central 
American integration through the identification of 
strategies to increase production and investments in 
the region, studies to identify markets and 
strengthening of trade capacity. 

(ii) To strengthen the capacity for the generation and 
adaptation of technologies by increasing scientific 
activity and strengthening the links between the 
academic and productive sector; 

(iii)To co-operate with the Government and the private 
sector in the establishment of labour training 

processes suited to the productive changes taking 
place in the country and the new markets which are 
being identified ; 

(iv) To continue efforts to improve the efficiency and 
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competitivenes of micro and small employers through a :• 
system of credits, managerial assistance and \ 
improvement of production and marketing giving •-! 
priority to groups of women and associate groups with 
managerial potential; -^ 

" In order to guarantee sustained growth, the UNDP proposes 9 
to consolidate the actions already initiated with regard to 1 
the environment and rational use of natural resources, | 
including the strenghening of the National Envrironmental * 
Comission to formulate the National Environmental Plan. To 
design guidelines for the protection of the environment, to 
introduce environmental aspects in programmes and projects I 
involving investment and exploitation of resources, 
together with control mechanisms for those carried out in 
areas of high environmental sensitivity. To continue to 
support integrated development programmes where 
environmental protection plays a central role; 

" To continue efforts to modernize and decentralize the State 
apparatus begun during the current cycle seeking, where 
appropriate, to consolidate its role in facilitating 
development. In the light of the experience accumulated in 
V PNCT, the emphasis of the programme will be on the 
generation of a critical number of professionals and the < 
strengthening of the capacity for formulation of policies. 
It will include the strenghening of the capacity for 
analysis, design, implementation follow-up and evaluation 
of policies, programmes and sectorial projects (such as the 
agricultural sector which is currently implementing, J 
together with the regional technical assistance unit, 
RUTA), the restructuring and rationalization of the public 
administration and public expenditure, including the 
investigation of different modalities of privatization and 
restructuring of State institutions, co-operation in the 
study and investigation of reform options identified in the 
tax system, consolidation of the municipal decentralization 
process, promoting the capacity of planning and 
formulation, follow-up and evaluation of projects at local 
level. 

3 - REVIEW OF PAST AND PRESENT IAEA TECHNICAL 
CO-OPERATION ACTIVITIES 

Since 1958, Guatemala has received Agency's technical 
co-operation for a total value of US$ 3.032.800, out of which 
US$ 2.674.500 in the period 1982-1991. In the last 10 years, the * •— 
source of the 78.2% of the funds was the TACF, corresponding the 
remaining 21.8% to extrabudgetary funds and in-kind 
contributions. As for the type of assistance provided in the 
same period, the 13.4% was for experts, the 63.4% for equipment, 
the 14.8% for fellowships and the 8.4% corresponed to sub-

i 

J 
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contracts. 

The following table gives details of the disbursements of 
the Agency's technical co-operation projects in Guatemala by 
sector of activity (1982-1991): 

Nuclear Physics and Chemistry 3 6.6% 
Agriculture 27.7% 
Nuclear Medicine 15.8% 
Industry and Hydrology 7.7% 
Nuclear Energy, General 4.3% 
Nuclear Raw Materials 3.9% 
Nuclear Engineering and Technology 2.4% 
Nuclear Safety 1.6% 

US$ 2 674 500 100% 
Guatemala has also been an active participant of the IAEA 

regional programme since 1985. Through this programme has 
received assistance in several fields, mainly in agriculture, 
nuclear instrumentation and non-destructive testing. 
3 .1 Food and agriculture 

National technical co-operation projects in agriculture 
began in 1983, with a project related to the increase in the 
yield of crops through radiation mutation breeding and improved 
fertilizer management. The institutions involved were the 
Direcciön General de Energia Nuclear (DGEN), the School of 
Agronomy of the National University of San Carlos and the 
"Nutrition Institute for Central America and Panama" (INIAP). 
Expert services and fellowships were provided as well as the 
required equipment to establish a soils laboratory including an 
N-15 analyzer, and various pieces of equipment for the mutation 
breeding activity. More recently a separate project has been 
initiated on mutation breeding with a view to develop techniques 
and consolidate a programme for the improvement of cereals, and 
a second project to utilize nuclear techniques to study the 
efficiency of fertilizer utilization in cereals and fruit trees, 
evaluation of N fixation in soya and kidney beans and efficient 
utilization of water, is being implemented. 

In a effort to contribute to the eradication of the med-fly 
through the use of the sterile insect technique, assistance was 
given to improve operations and control at the country med-fly 
rearing facility, through the provision of the services of 
experts as well as equipment and training support for an 
international co-operative venture between the Guatemalan 
Ministry of Agriculture, Livestock and Food, the Mexican 
Department of Agriculture and Water Resources and the United 
States Department of Agriculture (collectively known as the 
"Moscamed Committee", whose aim is to co-ordinate med-fly 
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control efforts in the countries involved). Additional 
assistance has been provided under u project funded by the USA 
to strengthen the control programme, to advise on the 
preparation of diet and larval diet recycling, and to establish 
a training programme for local staff. These activities have 
resulted in an increase in the number of sterile flies produced 
per week and in an improvement of the quality of flies. The 
infrastructure of the production plant has been enlarged and 
streamlined. In terms of input at the field level, the barrier 
against encroachment of the med-fly into Mexico has been 
maintained along the Guatemala-Mexico border. 
Assistance is being given to transfer immunoassay technology 
into Guatemala to enable the veterinary services to diagnose 
livestock diseases, to monitor their prevalence and to assess 
the effectiveness of control methods being used. The impact 
foreseen is that, through more efficient diagnostic services, 
epidemiological assessment of abnormal disease patterns will be 
improved so leading to better control of animal diseases, more 
efficient animal husbandry and more profitable livestock 
production. The principal counterparts of the project are the 
Direcciön General de Servicios Pecuarios (DIGISEPE) and the 
Faculty of Veterinary Medicine and Animal Production, University 
of San Carlos. 

3.2 Human health 
The nuclear medicine activities in Guatemala have been 

supported by the Agency since the sixties, with the assistance 
given to the Laboratory of Radioisotopes of the Roosevelt 
Hospital. At present, a linear scintiscanner is used at the 
laboratory for obtaining thyroid images and sometimes for 
studies of bones, kidneys and other organs using commercial kits 
purchased from abroad. Radioimmunoassay is being used to 
determine thyroid and pituitary hormones, using imported reagent 
kits. Cases of thyroid cancers and hyperthyroidsm are treated 
with 1-131. 

In more recent times several Agency's technical co
operation projects have supported the Department of Nuclear 
Medicine of the DGEN - San Juan de Dios Hospital. This joint 
Department of the two institutions is having a steady 
development, in spite of the lack of some important piece of 
equipment. 
The gamma-camera of the Department, was purchased by the 
Hospital at the end of the 1970s and it is the only one in 
Guatemala. It is being used for diagnostic static imaging 
studies on approximately 400 patients per month. Dynamic studies 
cannot be performed because there is no processing system 
associated with the camera. Of the 4 00 monthly studies, some 
60% are thyroid studies, 20-25% are bone studies and 12-15% are 
scintiscanning of the liver and biliary passages. The rest are 
heart, kidney, brain and pulmonary perfusion studies. 
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The Department is also responsible for the treatment of thyroid 
cancer with 1-131. 

Until the end of 1991 the premises of the Department of the 
San Juan le Dios Hospital were inadequate and spread out, so 
hampering the development of the nuclear medicine activities and 
increasing the radiological protection risks for the patients as 
well as for the hospital staff. In November 1991 the authorities 
of the Ministry of Health and the San Juan de Dios Hospital 
agreed to transfer part (1000 m2) of the sixth floor of the 
hospital to the Department of Nuclear Medicine. The new premises 
will house the whole infrastructure of the raioimmunoassay 
laboratory, the hospital's radiopharmacy laboratories and the 
imaging diagnostic service, including facilities for taking 
samples and administering radiopharmaceuticals to patients. 
Suitable rooms will be also provided to accommodate patients 
receiving therapeutical doses of 1-131. Currently (April 1992) 
the laboratories are being moved to the new premises. 
In order to upgrade the equipment infrastructure of the 
Department, Guatemala has requested under the technical co
operation programme for 1991-1992 a new gamma-camera and an 
image processing system so as to extend the laboratory's 
activities to include dynamic studies. 
The project has been approved for extrabudgetary financing and 
recently (April 1992) the United States accepted to finance it 
in 1992. 

To support the nuclear medicine, the DGEN with the 
assistance of the Agency has set up an important 
radiopharmaceutical infrastructure. The laboratories at the 
DGEN, well staffed and well equiped, deal with the development, 
production and control of the radiopharmaceuticals that are used 
in the Nuclear Medicine Centre. About 15 different reagent kits 
for labeling with Tc-99m are prepared. The production capacity 
would be sufficient to cover the requirements of other Central 
American countries. Certain basic salts are synthetized in the 
laboratory for the preparation of magent kits and freeze-dried 
and liquid reagents are formulated and produced. Quality 
control of the raw materials and finished products is carried 
out. 
The hospital's radiopharmacy laboratory in close connection with 
the DGEN laboratory labels the various radiopharmaceuticals and 
dispenses 1-131 for the diagnosis and treatment of thyroid 
diseases. 
The radioimmunoassay laboratory which is suitably equipped in 
the new headquarters of the Directorate, produces kits for assay 
of thyroid hormones (T3, T4), pituitary hormones (TSH< LH, FSH, 
PRL, HCG) steroid hormones and tumour labellers. Some antibodies 
are also produced. Quality control of the reagents and kits 
produced is carried out. 

The laboratory participates actively in regional quality 

cff 
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control programmes and the ARCAL VIII project related to the 
production of RIA kits with local reagents. 

The hospital's RIA laboratory and the DGEN's RIA laboratory 
between them are able to study approximately 1250 patients each 
month.The staff of the laboratory do a substantial amount of 
teaching at the School of Biological Chemistry, Faculty of 
Chemical Sciences and Pharmacy, University of San Carlos. 

The National Oncology Institute (INCAN), which belongs to 
the National Cancer League, is the only centre in the whole of 
Guatemala which provides medical treatment for cancer patients 
who cannot afford private treatment. This means that, with its 
180 beds, it has to cover the requirements of the majority of 
the Guatemalan population and also provide treatment for 
patients from neighbouring countries. It is obvious that, 
despite the efforts and dedication of the staff, the 
infrastructure is inadequate and, as a result, a large number of 
patiente do not receive the appropriate treatment. 
The INCAN has oncological surgery, chemotherapy and radiotherapy 
services. Approximately 2700 new cancers are treated each year 
at the Institute, of which 40% are cervical cancer and 10% skin 
cancers. 
The Institute's teletherapy equipment consists of three cobalt-
60 irradiators (with sources which are now very weak) and two X-
ray generators, one of 250 kV and one of 100 kV, used 
particulary for superficial therapy. 

Six intracavitary Henchke applicators with manual after-
loading and a low intensity 137-Cs source are used for 
brachytherapy. Only 12 patients can be treated each week with 
the 137-Cs source and there is a delay of about five weeks from 
the time at which treatment is decided. Under project GUA/6/009 
steps have been taken to provide the INCAN with remote control 
137-Cs brachytherapy equipment which will make it possible to 
treat a larger number of patients with the latest methodology. 
This equipment could be installed during 1992, provided the 
Institute has the necessary physical infrastucture and a medical 
physicist. 

Three radiotherapists work in the Radiotheraphy Department. 
The service does not have any medical physicist or 
radiodosimetrist. The DGEN co-operates by providing electronic 
and electromechanical maintenance services and radiation 
protection services. However, it would be desirable for there 
to be greater co-operation, but this is made difficult owing to 
the shortage of staff in both groups. 

3.3 Radiation protection 

\ 

Concerning the radiation protection and safety, the Nuclear 
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Law (D Law No. 11-86) promulgated in 1986 clearly establishes 
the Guatemalan authority in the field of nuclear energy. The 
DGEN is the competent authority and institution responsible for 
implementation of the law. 
Despite the existence of the law, the support regulations and 
operating standards which apply to all the provisions of the law 
in practice have not yet been formalized. With Agency 
assistance, DGEN has prepared a number of regulations and 
standards which are in the final drafting stage or in the 
process of being approved. 
Within the DGEN the Radiation Protection Division is the 
division responsible for the operational aspects associated with 
the implementation of the Nuclear Law. The staff of the Division 
have received or are receiving training under the Agency's co
operation programme. 
A well equipped Secondary Standard Laboratory and a Personnel 
Dosimetry Laboratory have been installed through the assistance 
the Agency has given in this field since 1984. 
At present there are 251 facilities in Guatemala using radiation 
and radioactive material (including X-rays) with 726 persons 
occupationally exposed to radiation. 
3.4 Industrial applications and hydrology 

The regional projects on non-destructive testing have 
assisted Guatemala to set up a laboratory at the DGEN that 
provides inspection services for various public and private 
insitutions using radiography, ultrasound, magnetic particles 
and penetrant liquid techniques. 

The DGEN has managed to acquire a good reputation as a 
provider of services to the industrial sector, which is 
beginning to get used to co-operating with it and to appreciate 
the results obtained using nuclear techniques. 

In the field of hydrology IAEA has assisted in undertaking 
studies on geothermal resources and on water resources for 
agriculture. The National Institute of Seismology, Volcanology, 
Metheorology and Hydrology (INSIVUMEH) and the National 
Electrification Institute (INDE) are the institutions using 
nuclear techniques in this sector. 
The INSIVUMEH was counterpart for an Agency technical co
operation project, now completed, in the field of groundwater 
hydrology. Under this project a hydrochemical laboratory with an 
atomic absorption spectrometer and flame spectrophotometer was 
set up. The Institute is participating actively in project ARCAL 
XIII (Isotope Hydrology) studying the water balance in the basin 
of Lake Atitlan and localization of underground leaks in the the 
lake, as part of the technical feasibility study for a 
hydroelectric power station which would use some of the basin's 
water. 
The INDE is counterpart for a project, begun in 1991, to 
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establish the necessary infrastructure for carrying out isotope 
studies to characterize geothermal fields with electricity 
production capacity. Under the project, chromatographic 
equipment, accessories, laboratory equipment and expert services 
have been provided. 
3.5 Nuclear analytical techniques 

Concerning nuclear analytical techniques, assistance has 
been provided to set up an analytical laboratory for training of 
personnel and for services to industry and mining. As a result 
of the Agency's assistance the laboratory, installed at the new 
headquarters of the DGEN, performs the analysis of various 
materials, (minerals, waters, soils, alloys, fuels, lubricating 
oils, etc.), using X-ray fluorescence and reflection techniques. 
It provides services to various governmental and private 
institutions. It is developing methods for the multi-elemental 
analysis of fungi, for the determination of Sn in 
radiopharmaceuticals and Zn in plasma, and for the determination 
of several elements in river and well waters. The low background 
counting laboratory performs services to determine radioactive 
contaminants in food, biological samples and agro-industrial 
products at the request of various institutions. As part of the 
environmental radioactive contamination project, it is carrying 
out sampling and analysis of plants, soils and water from 
various regions of Guatemala. 

3.6 Nuclear instrumentation 
IAEA assistance has been provided to implement preventive 

maintenance services and to reduce outages caused by breakdown 
of electronic equipment. 
The Nuclear Electronic Maintenance Division of the DGEN is 
responsible for preventive and corrective maintenance of the 
DGEN's electronic equipment and that of external users. It also 
carries out some work on the construction of small measuring and 
control instruments. 
3.7 Nuclear information 

In the field of nuclear information, in 1988 the DGEN 
prepared a plan for the establishment of a Nuclear Documentation 
and Information Centre to provide support to staff and 
institutions in Guatemala using nuclear techniques. Through 
participation in ARCAL X project, the Centre has been recently 
established at the new headquarters of the DGEN. At present it 
has been able to begin the planned preliminary operations. 
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4 PEACEFUL USES OF NUCLEAR TECHNOLOGY 

AND POSSIBLE FUTURE TECHNICAL CO-OPERATION ACTIVITIES 

Nuclear techniques often provide only one of several routes 
to the solution of a particular problem. Most of these 
applications are well established and their use can be very 
relevant in developing countries. However, it should be borne in 
mind that development of any specialized science and technology 
and its applications, such as nuclear science and technology, 
should not be carried out in isolation from the framework of the 
overall national development plan of the country. 

Considering that Guatemala has already made a sizable 
effort to promote the use of nuclear techniques and to set up a 
basic infrastructure at the DGEN and that various institutions 
are presently using nuclear techniques, a reasonable pattern for 
the development of nuclear science and technology and its 
peaceful applications can be foreseen. 

As the nuclear activities are already well oriented towards 
the solution of technical problems existing in some of the 
sectors of the Guatemalan socio-economic programme and taking 
into account the human resources available, more than looking 
for applications in new spheres of action, a consolidation of 
the on-going activities must be sought in the near future. It is 
expected that the IAEA technical co-operation projects will 
contribute to such a consolidation, by strengthening the human 
resources training and the equipment infrastructure as well as 
providing the relevant technology transfer. 
4.1 Food and agriculture 

Agricultural produce, mainly coffee, sugar, bananas, 
cardamom, cotton, sugar cane and beef, represent over a quarter 
of Guatemala's gross domestic product. Although approximately 
one fifth of this was exported in 1990, greater quantities of 
goods were imported to provide the nutritional and material 
needs of the rapidly expanding population (growth rate in 1990 
of 2.9%) . As a result, the total external debt has grown 
steadily to a total of approx.US$ 3 billions in 1991. However, 
with the inflation rate showing signs of stabilization and 
exports showing signs of sustained increased performance, the 
predicitons for the Guatemalan economy are relatively good 
compared with those for previous years and with those for 
neighbouring countries. The importance of a sustained increase 
in agricultural productivity is central to the country's 
economic and social well-being. 

In view of the central role agriculture plays in the 
economic and socio-political life of the country, a strong 
national agriculture research and development infrastructure is 
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imperative. The basic physical infrastructure necessary for this 
is largely in place in most instances and the administrative 
support and control aspects seems well established under the 
various Ministries involved viz: Agriculture, Education, Energy 
and Mines. However, the critical human resources required to 
scientifically and technically run R&D are lacking in most areas 
despite the efforts of the country and collaborating 
international agencies like the IAEA, to provide training. It 
seems that this situation will not improve solely by providing 
further training; rather, salaries in the public sector must be 
increased substantially, at least to be at a par with those 
available in the private sector. Only then will 
scientists/technicians be prepared to stay and resolve the 
critical mass problem which currently exists in the country's 
agricultural research institutes. Furthermore, stronger 
collaboration is required between the different institutions in 
Guatemala involved in this area. It appears that whereas some 
casual collaboration exists between scientists from different 
institutes, this is not encouraged or supported formally. The 
fact that the Ministry of Agriculture does not have for the 
present any definitive short or medium plan does not help at 
all; such a plan would enable the country's agricultural R&D 
establishment to focus its efforts (and scarce resources) and 
encourage collaboration between institutions so that their 
different expertise could be directed at resolving a common 
problem or achieving a specific target. 

A further deficiency which should be mentioned is that of 
recurrent expenditure. This is related to the human resources 
aspect mentioned earlier since both are the result of lack of 
sufficient funding from Government. If the country is willing 
to increase its export of farm produce and to provide sufficient 
food for its rapidly expanding population, it must invest more 
in its R&D organizations; this should not be so much in capital 
equipment and buildings but rather in staff salaries and 
recurrent funds to purchase chemicals, small items of equipment, 
spare parts, etc. This will have the added benefit of 
attracting further funds, from bilateral and international 
funding organizations. 

In 3.1 the technical co-operation of the Agency has been 
described. The main fields of application of nuclear and related 
techniques are: improvement of agricultural production through 
improved irrigation and use of fertilizers; development of crop 
varieties with higher productivity and tolerance to diseases ; 
support for the eradication of the Mediterranean fruit fly; 
introduction of immunological techniques to identify and control 
livestock diseases. 

In view of the foregoing comments and the fact that the 
IAEA has provided considereable TC assistance to Guatemala in 
certain agricultural areas over the last 10 years, it is 
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proposed that future IAEA assistance in these areas should be 
more conservative but more funding should be made available to 
other areas e.g. livestock, agrochemicals. Consequently, it is 
proposed to reduce to a maintenance level the TC assistance in 
plant breeding at the end of 1993 and to encourage the 'plant 
breeders* to submit applications for research contracts so that 
the R&D impetus created can be supervised more closely by the 
Agency's staff, and, through the mechanism of the Co-ordinated 
Research Programme, the work can be reported and published. 
Furthermore, the physical and human infrastructure put in place 
through the IAEA assistance will require some maintenance funds 
in 1994 to allow the necessary chemicals, disposable items etc. 
to be purchased. 
This proposal should be considered a logical step in the 
Agency's transfer of technology package which will allow 
Guatemalan scientists to effectively employ mutation breeding 
techniques to improve the productivity and disease resistance of 
crops. 

Regarding the use of nuclear techniques in soil science, it 
is proposed that TC assistance in its present form should also 
be reduced as from the end of 1992. However, in order to ensure 
that the investment made in the establishment of 15N laboratory 
comes to fruition, it will be necessary to provide funds for 
spare parts, carrier gases, etc. to enable it to become 
established not only as a national 15N analytical laboratory, 
but also, if the results produced are reliable enough, as a 
regional analytical service facility for which different TC 
projects would pay on a per analysis basis. To achieve this, it 
is proposed that some expert services (for further on the job 
training) and some equipment (largely for equipment protection, 
spare parts and small items) be provided through the Agency's 
technical co-operation for the period 1993-94 only. Thereafter, 
the 15N unit should be completely self-financing and would not 
require further support. The role of the Soil Science Unit of 
the Agency's Laboratories, Seibersdorf would be central in 
ensuring that the quality of the work performed by the 15N 
analytical laboratory in DGEN is of an international standard ; 
strong collaboration between the two laboratories is therefore 
envisaged over this 2 year period. 

It seems premature to embark on new technologies and 
projects such as the use of P-32 to monitor soil fertility 
before the work presently underway on N-15 and irrigation has 
been properly analysed, interpreted and written up. There seems 
little justification in further diversifying this project to 
involve other technologies when those currently used have not 
been totally mastered. 

Technical co-operation activity in animal disease diagnosis 
is in its infancy compared with the foregoing projects. The 
major impediments to the success of this co-operation are a lack 
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of critical mass of staff to undertake the laboratory work and 
lack of recurrent funds to ensure that the sampling of herds in 
the different livestock regions is carried out according to 
agreed-on time schedules. It seems convenient to increase the 
funding for this activity over the 1993/94 biennium in order to 
strengthen it and to allow diversification of the project to 
include nutrition-reproduction aspects. 

It is clear that the IDRC supported national project on 
dual-purpose herds in sourthern Guatemala reguires urgent 
assistance in order to resolve problems relating to feed 
supplementation strategies employed by small farmers during the 
dry season. The FAO/IAEA metabolite kits presently being field-
tested by the Agency's Laboratories will be available for TC 
projects in late 1992 and it is proposed that the staff of the 
Agriculture Laboratory at DGEN could employ these kits to assist 
in a IICA- University of San Carlos- DGEN collaborative study on 
dual-purpose herds. Some funding for fellowships, small items of 
equipment and for the purchase of metabolitic kits will be 
required. The basic equipment necessary for metabolite analysis 
(spectrophotometer) is already in place at DGEN. 

The erradication of the medfly from the country does not 
appear to be of primary importance, to the Guatemalan farmers 
since their main export crop, coffee, while acting as a feed 
reservoir for medfly, is not affected by the fly's reproductive 
cycle. Hence, unless the Guatemalan Government obliges its 
farmers to collaborate more (perhaps through some tax benefits), 
there seems to be little likelihood of the fly being eradicated 
from the country. At present, the Guatemalan Government does not 
appear to give this activity high priority; until such time as 
this situation changes, there seems little purpose in proposing 
a resurgence of Agency TC support in this area. 

Another feature which requires urgent attention in the 
agricultural area is the misuse of pesticides. Coffee farmers 
have been particularly at fault and there is some evidence that 
drinking water is polluted with pesticides in certain areas. 
However, there are no national laboratory facilities available 
to analyse for pesticides in soil/biological materials. 
Consequently, a short pre-programming mission could be necessary 
in 1993 to determine whether Agency's assistance would be 
appropriate in this area. 
4.2 Human Health 

The joint efforts of the DGEN and the San Juan de Dios 
Hospital have succeded to set up a good starting point for the 
development of the nuclear medicine in Guatemala. However, 
although there is a very satisfactory technical infrastructure 
as far as radiopharmacy and radioimmunoassay is concerned, there 
are serious deficiencies in the nuclear imaging diagnostic 
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sector. These deficiencies are basically caused by the lack of 
suitable equipment and premises. 

As described in 3.2, several steps were recently taken to 
resolve these issues. New and suitable premises have been 
transferred to the sector at the San Juan de Dios Hospital and 
a gamma-camera and an image processing system will be provided 
in 1992 through an IAEA technical co-operation project, funded 
by the USA. 

In the near future the Agency will continue to give support 
to the upgrading of the diagnostic service, mainly by providing 
experts and training. 

Subsequently, after the dynamic studies with the new gamma-
camera are well consolidated at the laboratory, further Agency's 
assistance should be considered in order to enhance the 
diagnosis possibilities, by the installation of more 
sophisticated equipment such as a gamma-camera system that 
includes photon emission computer tomography. 

In the medium term, assistance should be provided to 
promote the expansion of nuclear medicine to other hospitals in 
the country, using the Nuclear Medicine Centre of the San Juan 
de Dios Hospital as a training and referral service. 

The DGEN, as a first stage of a national nuclear medicine 
programme, has approved the creation of a network of RIA 
laboratories of assay of thyroid and neonatal hormones to 
provide support to the Ministry of Health's programme to control 
endemic goite and cretinism. A request has been submitted for a 
technical co-operation project with the IAEA, for the biennium 
1993-1994, to set up RIA laboratories in the cities of 
Quetzaltenango and Cohan. 

Continuing with the national nuclear medicine programme, 
the creation of imaging services in other centres outside 
Guatemala City should be considered in the future. 

Improvement and upgrading of radiotherapy services is 
urgently needed in Guatemala. The National Oncology Institute 
(INCAN) is the only centre which provides medical treatment for 
cancer patients who cannot afford private treatment. Its 
equipment and premises are inadequate and, as a result, a large 
number of patients do not receive the appropriate treatment. 
Moreover, the Institute has a very poor radiodosimetric 
infrastructure. 

As far as the bronchy therapy is concerned, the Agency 
through an on going project is providing an after loading, 
remote control, Csl37 brachytherapy device. Further Agency's 
assistance should be considered for the medium term in the field 



18 
of teletherapy. 

However the lack of radiodosimetrists and medical 
physicists hampers seriously any further co-operation in the 
field of radiotheraphy. The greatest efforts should be made to 
improve the situation by training at least two medical 
physicists, who must be hired to work on a full-time basis at 
the Institute. Only after such steps are taken further 
assistance to the INCAN should be considered. 
4.3 Radiation Protection 

The role of the DGEN as "authority" for the radiation 
protection and safety in Guatemala is clearly established by the 
"Nuclear Law". 

The DGEN, with the assistance of the Agency, has succeeded 
to install the basic infrastructure needed for the radiation 
protection i.e. good and modern premises, suitable equipment and 
a central nucleus of trained staff. There is at the new DGEN 
headquarters a well-equipped Secondary Standard Laboratory as 
well as a Personnel Dosimetry Laboratory. Additions are being 
made to the Radiation Protection Division's equipment, under an 
Agency's project, with special emphasis on the equipment needed 
for inspection activities. 

However, a lack of regulations and standards needed to full 
implement the Nuclear Law can be observed. The radiological 
control of the facilities and staff is based on the technical 
knowledge of the staff responsible without any formally pre-
established methodology. Moreover, the Radiation Protection 
Division evident shortage of staff means that control and 
inspection activities are only partially carried out and large 
groups of users are not covered. There has been no formal 
licensing of radiation facilities, either of those at the DGEN 
or those belonging to external users, and no mechanisms have 
been established for the routine comprehensive implementation of 
the radiation protection activities. 

It can be concluded that Guatemala has taken the first 
specific steps towards establishing a proper radiation 
protection and safety regime through the promulgation of the 
Nuclear Law and definition of the competent authority. 

On the legal side of things, a set of regulations and norms 
clearly establishing the procedures and mechanisms for the 
practical application of the Law has to be prepared and 
formalized as soon as possible. 

On the technical side of things, once the Radiation 
Protection Division has completed its installation at the new 
headquarters of the DGEN, Guatemala will have the material 
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infrastructure to enable it to fulfil its responsibilities under 
the Nuclear Law. 

However, all the efforts made in this area will not be 
successful, unless the problem of human resourves in this sector 
is solved as a matter of urgency. 

The number of staff in the Division is clearly inadequate 
to meet the Division's responsibilities and to establish an 
effective radiation protection and safety system. There has 
been a very high turnover of staff, apparently for financial 
reasons. As a result, experience which has been laboriously 
acquired is lost. 

Guatemala is in the process of establishing and 
strengthening its radiation protection structure. It is well 
known that this is a slow and difficult process: its successful 
conclusion depends mainly on the conviction and determination 
with which the first stages are implemented. Without the 
necessary personnel and the necessary training and experience, 
the DGEN's activities will lose credibility in the eyes of users 
of radiation and radioactive material creating insurmountable 
difficulties for the continuation of the nuclear programme. 

In the medium term the IAEA should continue to support the 
radiation protection activities mainly by providing experts 
assistance for the setting up of a suitable corpus of operative 
regulations and standards as well as by supplying further 
training to Guatemalan staff provided that the human resources 
problems is resolved. No additional substantive pieces of 
equipment are considered necessary. 
4.4 Industrial applications and hydrology 

The application of nuclear techniques in industry in 
Guatemala is promoted by the Application of Radioisotopes in 
Industry and Engineering Division of the DGEN. Although its 
development is incipient, it seems to be in a good trend. The 
Division is alreedy providing services to various governmental 
and private institutions on analysis of minerals, waters, soils, 
alloys, fuels, lubricatings oils, etc. Through its non
destructive testing laboratory it provides inspection services 
for various public and private organizations using radiography, 
ultrasound and magnetic particles and penetrant liquid 
techniques. 

The Division has a good relation with the Guatemalan 
Chamber of Industry, who recently pledged their support and 
willingness to co-operate with the DGEN in its industrial 
activities. 

In spite of these positive aspects certain factors are 
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likely to hamper any future strengthening of the activities. The 
most important factor is the lack of administrative flexibility 
in implementing these services, despite the fact that many of 
the operational aspects of the services could be self-financing. 
Compliance with the public sector's administrative norms jneans 
that the income from the services cannot be used with the 
necessary flexibility. As a result there are delays in 
implementation, which are in many cases incompatible with the 
nature of the services required. 

The Agency, through its technical co-operation programme 
has supported the setting up of a basic infrastructure for 
industrial applications in Guatemala, by providing equipment and 
training. No further support through national projects seems 
necessary in the near future. However, an active participation 
in the new industrial project of the ARCAL programme is highly 
recommended as well as continuing the participation in the 
regional NDT project. 

In the medium term, if interest arises in industrial 
applications of nuclear techniques in a new specific field, 
further assistance of the Agency can be envisaged. 

With reference to the hydrology and geothermics sector, a 
similar policy should be adopted. Through on-going Agency's 
project, the basic infrastructure for isotope studies to 
characterize geothermal fields is being set-up at the National 
Electrification Institute (INDE). Depending on the results of 
this project, that started in 1991, further Agency's technical 
assistance could be given in the biennium 1995-96, provided that 
the difficulties faced at the beginning of the current project, 
related mainly to staffing and lack of local basic support 
elements, are resolved. 

No further assistance to National Institute of Seismology, 
Volcanology, Metheorology and Hydrology (INSIVUMEH) seems to be 
needed in the near future. The Institute is participating 
actively in the ARCAL XIII project on isotope hydrology, has a 
well trained staff and makes a good use of the equipment 
provided by the Agency under a project already completed. 
Nuclear techniques are being used by INSIVUMEH to support 
feasibility studies on Guatemalan hydroelectric power stations. 
4.5 Environmental studies and nuclear analytical techniques 

The DGEN has built up with the Agency's assistance the 
basic infrastructure suitable to support environmental studies. 
It is gaining experience by performing analytical services to 
other governmental and private institutions, mainly in matters 
related to water pollution and food contamination. The 
environmental consciousness is developing in Guatemala and a 
growing interest in public and private sectors is forseable. 



21 
However, the negative factors previously pointed out in 

relation with the industrial applications, concerning the lack 
of administrative flexibility, could also tamper the future 
development of the DGEN•s activity in this field. A particular 
effort should be made by the Guatemalan Authorities to resolve 
these issues in order to allow the expansion and the 
consolidation of the use of nuclear analytical techniques in 
environmental studies. 

The Agency could assist the DGEN in upgrading its 
analytical infrastructure by contributing to the installation of 
a "clean laboratory" in the biennium 1993-94. The lack of this 
facility is, at present, a serious limitation to the analytical 
capability of the DGEN. 

In the medium term, the support of the Agency seems 
unnecessary, unless it is justified by the expansion of the 
activity to new domains of the environmental studies. 

4.6 Nuclear instrumentation 
The nuclear electronic maintenance services are carried out 

by a Division of the DGEN. Although the training of the staff 
and equipment in the Division are satisfactory, there is not 
enough staff to cope with the volume of work. It seems essential 
to increase the Division's response capability by increasing the 
number of staff and to try to solve the financial problems 
(mainly low salaries), which are one of the causes of 
instability. 

Further Agency's assistance to this group could be foreseen 
for the 1993-94 programme, provided that the number and 
stability of the staff is increased. The assistance should be 
directed mainly to the expansion of the scope of the Division to 
other areas, such as computer equipment maintenance, needed to 
a serious extent by the groups working in the nuclear field in 
Guatemala. 

5 - PROGRAMMING AND CO-ORDINATION 
The General Directorate for Nuclear Energy has accumulated 

valuable experience in programming activities concerning the 
application of nuclear techniques, as well as in dealing with 
the IAEA technical co-operation projects. A member of its staff 
attended the regional seminar on Design, Management and 
Evaluation Techniques of IAEA Technical Co-operation Projects 
for Latin American Countries (November 1990, Mexico City). The 
seminar was designed specifically to provide national liaison 
officers with an overview of the procedures necessary to design 
and implement a technical co-operation programme with the 
Agency. 
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The DGEN should continue to play a co-ordinating role in 

matters relating to the application of nuclear techniques in all 
national sectors, thus making good use of the experience gained 
over several years. In order to better fulfil this task, it 
would be desirable to strengthen the links with all national 
institutions presently using nuclear tecniques as well as with 
those that may be interested in applying them in the near 
future. Improvement of the channels of communication as well as 
expeditious processing of documents in relation to technical 
assistance requested of or provided by the Agency is also 
advisable. 


