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FOREWORD

This TECDOC presents the Regional Strategic Profile (RSP) for Latin America and the

Caribbean for 2016-2021. This key document offers a programmatic reference of major
importance for the preparation of project and programme proposals for future technical

cooperation (TC) cycles.

The RSP reflects an assessment of the situation in the region made by the States Parties to the
Regional Cooperation Agreement for the Promotion of Nuclear Science and Technology in
Latin America and the Caribbean (ARCAL). It identifies the most pressing needs that can be
addressed through nuclear technology, in the areas of human health, food safety and
agriculture, environment, and energy. It also covers radiation technology and radiation
protection.

The RSP was prepared by a working group of ARCAL National Coordinators, together with
thematic experts from the region, Programme Management Officers and Technical Officers.
The group reviewed the previous Profile for the period 2007-2013 to identify lessons learned,
and assessed the current situation in the region regarding needs and priorities in the Latin
American and Caribbean socioeconomic context.

The new profile is expected to serve as a valuable tool to foster regional cooperation and
promote cooperation among countries. As a flagship regional document, it makes visible the
region’s needs and facilitates the establishment of partnerships with other development
community organizations working in the region in complementary fields. The RSP identifies
opportunities for cooperation, and for joining forces and creating synergies.

The RSP for 2016-2021 was finalized in 2014, the year in which the ARCAL Regional
Agreement turns 30, celebrating three decades of successful implementation of technical
cooperation projects and fruitful cooperation between the ARCAL Regional Agreement and
the IAEA. It is expected that the RSP will lead to the implementation of effective and efficient
regional cooperation mechanisms that will ensure sustainability and relevance as the ARCAL
States Parties work with the IAEA to address the development challenges facing the region.
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REGIONAL STRATEGIC PROFILE FOR LATIN AMERICA AND THE
CARIBBEAN 2016-2021

1. EXECUTIVE SUMMARY
1.1. BACKGROUND

The International Atomic Energy Agency (IAEA) and the Co-operation Agreement for the
Promotion of Nuclear Science and Technology in Latin America and the Caribbean (ARCAL)
have worked closely together to prepare a new strategic programme framework to identify
and prioritize the region’s' most pressing problems and needs that could be addressed using
nuclear technologies in the period up to 2021.

The new Regional Strategic Profile for Latin America and the Caribbean (RSP) was drawn up
on the basis of a sectorial diagnosis using a strengths, weaknesses, opportunities and threats
(SWOT) analysis, which helped not only to identify the most acute regional needs and
problems, but also to characterize them in terms of their respective baselines, prioritize them,
and identify the objectives and goals to be achieved and the indicators by which to measure
them.

The 39 needs/problems identified were classified into six thematic areas representing the
priority areas within the scope of the new RSP: food security, human health, environment,
energy, radiation safety and radiation technologies.

At the end of the process, a working document was prepared containing strategic guidance to
facilitate the planning of technical cooperation cycles covered under the new RSP. This
working document will be updated periodically as progress is made toward achieving the
objectives and goals that have been set.

It is anticipated that the new RSP, in addition to serving as a programmatic reference of major
importance for the preparation of project and programme proposals both for ARCAL and the
IAEA, will help to attract strategic partners, from within the region and outside it, to pursue
projects having a larger scope, benefit and impact.

1.2. THEMATIC AREAS
1.2.1. FOOD SECURITY

The Latin America and Caribbean region has some of the largest reserves of land with
agricultural potential in the world (700 million hectares), which, together with the region's
great biological diversity, makes it a mainstay of global food security. It is expected that by
2050, the region will be meeting more than 60% of the global demand for food. Supporting
the agricultural sector’s role as a major food supplier requires overcoming critical challenges
as regards both increasing production efficiency and preventing the degradation of natural
resources. Hence the urgent need to develop technologies to support increased and sustainable

1 . . . . .
In this document, 'region' and 'regional’ refer to those countries that are States Parties to the ARCAL Agreement.



food production from agriculture, stock-breeding and fishing in the region. Nuclear
technologies have demonstrated their effectiveness and can contribute to improving efficiency
in fertilization, water use, biological nitrogen fixation, crop and livestock improvement, pest
and disease control, and quality control for food products. For this reason, it is anticipated that
the implementation of the RSP in the area of food security will help to optimize the efficiency
of production systems in the region through projects tied to the six needs/problems identified
for this area.

Al. Improvement of practices for the management of agricultural soil and water resources
with the appropriate use of agrochemicals, fertilizers, water and microorganisms for
biological nitrogen fixation.

A2. Use of technologies for the improvement of animals and plants of recognized
economic importance and to support initiatives to improve the yield/production and
commercial potential of plants and animals reflecting the region’s biodiversity.

A3. Incidence of transboundary diseases in animals, including those with zoonotic
repercussions.

A4. Availability of foods of animal (including products derived from aquaculture) and
plant origin that meet quality and safety standards.

A5. Damage caused by pests to foods of animal and plant origin.

A6. To support initiatives for the development of aquaculture in the region.

1.2.2. HUMAN HEALTH

In Latin America and the Caribbean, a region with a population of some 580 million
inhabitants, roughly 76% of deaths are caused by non-communicable diseases, with
cardiovascular diseases being the leading cause of death, followed by malignant neoplasms.
By 2030, the number of new cases of malignant neoplasms each year is expected to double,
bringing to 1 million the number of deaths annually. It has been estimated that 50-60% of
cancer-related deaths could be prevented by applying the available knowledge and
technologies. To achieve this would require implementing multiple, complex measures, in
addition to timely detection and effective treatment. Nuclear technology has been shown to be
a powerful tool in the diagnosis and treatment of these diseases. Nuclear medicine and
radiotherapy have evolved significantly in recent decades in most Latin American countries,
with advances being made in technological assets, the availability of various
radiopharmaceuticals required for diagnosis and treatment, and human resources
development. The technical cooperation programme, through ARCAL and IAEA projects, has
contributed to these objectives. At the same time, there are still many challenges to be
addressed and the RSP serves as an effective instrument for funnelling technical cooperation
resources toward the main areas identified as having high priority. Thus, based on a strategic
analysis, it has been determined that efforts for the period 2016-2021 should be directed at
strengthening national cancer control programmes as a strategy for solving the other needs
and problems that have been identified and prioritized in the area of human health:

S1. To improve efficiency and quality in the use of new technologies for the diagnosis and
treatment of diseases.

S2. Lack of appropriate technology management systems for planning, incorporation and
maintenance of biomedical equipment.

S3. Insufficient nuclear medicine and radiotherapy technicians to meet the growing need
arising from the establishment of new centres in the region.



S4. Insufficient human resources in medical physics in imaging services (nuclear medicine
and radiology).

S5. Shortage of comprehensive, functional and operational national cancer control plans
(NCCP)

S6. Growing childhood obesity in the region and its link to the incidence of non-
communicable diseases, caused in part by malnutrition in early infancy.

1.2.3. ENVIRONMENT

Latin America and the Caribbean possess enormous wealth in terms of natural resources,
cover 15% of the Earth's surface, account for a third of the world’s renewable water
resources, and are home to 40% of all plant and animal species and the most diverse flora on
the planet. Within the last decade, the region has experienced economic growth which is
expected to continue in the near future, accompanied by an improvement in some of the key
macro social indicators. In the last 30 years, the population of the region has doubled, over
half of it now being concentrated in urban areas, with the attendant concentration of vehicles,
industry and other sources of pollution. The trend towards the intensive use of water
resources, increased use of agrochemicals, unsuitable production practices and insufficient
processing of agricultural, urban and industrial waste have led to contamination of water, soil,
plants, food, flora, fauna and air. Sustainable resource use and environmental management
require, among other things, techniques for the chemical characterization of various types of
samples; this can be done efficiently using nuclear techniques, which explains why they are in
high demand among entities involved in environmental management.

These techniques could be used to address the following needs/problems identified in the RSP
in the environmental area.

M]1. Inadequate management of the region’s water resources.

M?2. Insufficient evaluation of the impact of pollution from pesticides, persistent organic
compounds, heavy metals and other pollutants of anthropogenic and natural origin
in water and soil.

M3. Limited knowledge of the main processes affecting coastal areas.

M4. High degree of atmospheric pollution due to trace elements.

MS5. Inadequate risk assessment of the environmental and social impact of hydraulic
Structures.

1.2.4. ENERGY

The Latin America and Caribbean region has over 25 years of experience in the use of nuclear
technology for power generation. Installed capacity, in six reactors in three countries, was
4.3 GW in 2012 and will grow to 6.2 GW once two new reactors currently under construction
are put into operation. It is estimated that an additional 7 GW of nuclear power capacity will
be added to the region’s energy mix by 2035. The challenges associated with the construction
of new nuclear power plants have been made more difficult by the need to take into account
the analysis and evaluation of the extension of the useful life of existing reactors. These
factors highlight the need for a comprehensive evaluation of the nuclear option within energy
systems with a view to identifying the role it could play in the development of Latin America
and the Caribbean.



In addition, there is in seven countries in the region a total of 17 research reactors, the
majority of which are ageing and underused. At the same time, the demand for radioisotope
products is growing and is not being met by the existing installations, which is why there are
plans to build two new reactors. The main challenges to be addressed through cooperation in
the area of energy are identified in the RSP and formulated as six needs/problems:

El. To improve education and availability of objective and extensive information on
nuclear energy.

E2. Absence of integrated appropriate long-term energy development studies in most of
the region.

E3. Improved knowledge about the region’s uranium potential.

E4. Absence of an established network for the exchange of information and coordination
of strategies, from research reactor operators to the radioisotope end user.

E5. Lack of experience in the region in processes to extend the operating lifetime of
nuclear power plants.

E6. Shortage of highly qualified staff to manage and operate research reactors.

1.2.5. RADIATION SAFETY

Acceptance in society of the risks associated with radiation is dependent on the net benefit
from its multiple applications. Compliance with radiation safety requirements, in accordance
with international standards, is an essential requirement for the application of nuclear
technologies and ultimately for the implementation of the main priorities set out in the RSP.
Substantial progress has been made in the last 15 years as regards the establishment of
regulatory programmes and infrastructure in the Latin America region, which has benefited
significantly from the efforts by, and the technical cooperation between, the Agency and its
Member States.

However, action is required to consolidate the results achieved at the level of international
good practices in the field of safety. With this approach, among the needs identified and
prioritized in the RSP, the radiation protection of patients and the responsibilities of
Governments and regulatory authorities have been defined as priorities, which will help to
address the other closely-related needs and problems.

RI. Insufficient application and implementation among end users of principles and
requirements concerning radiation protection set out in international safety
recommendations for the control of medical exposure in computed tomography,
radiotherapy, interventional procedures and digital radiology.

R2. Lack of safeguards in countries of the region to ensure that governments maintain a
sustainable national regulatory system for radiation protection and safe transport of
radioactive material.

R3. Insufficient management systems in regulatory bodies to ensure compliance with all
legislative responsibilities in the countries and recommendations of IAEA standards.

R4. Insufficient coverage by the radiation protection services (individual internal and
external monitoring and workplace monitoring) of occupationally exposed workers
in the countries. Inadequate implementation of quality systems in technical services
and the lack of availability of unified or centralized national records of occupational
dose in all countries.

R5. Lack of national strategies and policies for the safe and sustainable management of
radioactive waste and improvement in the operational control of waste and disused
sources.



R6.

R7.

RS.

R9.

Limited capacities in countries for planning, notification and response with regard to
radiological emergencies, including the provision of medical care to those affected,
systematic analysis of accidents and dissemination of information.

Limitations for calibration at the levels of radiation protection, radiotherapy and
radiodiagnostics by secondary standards dosimetry laboratories in the region.
Insufficient application of management systems among end users, including the
promotion and implementation of safety culture.

Absence of national strategies for education and training in radiation safety.

R10. Insufficient information and consultation with interested parties and the public

1.2.6.

concerning possible radiation risks associated with facilities and activities, and
processes and decisions of the regulatory body.

RADIATION TECHNOLOGIES

Radiation technologies have found numerous applications in a variety of fields where they can
help to improve the quality of life; these include medicine, agriculture, preservation of
cultural assets, industry, environment, materials modification, process diagnostics, quality
control, sterilization of products and materials, radioisotope production and waste processing,

among

many others. As the applications of, experience with and confidence in nuclear

techniques gradually increase, the use of radiation technologies is on the verge of becoming
an important factor in the region’s economies. To this end, six needs/problems have been
identified in the RSP in the area of radiation technology:

T1.

12.

13.

14.

15.

T6.

The need to identify, outline and publicize the specific and strategic opportunities and
challenges in the region concerning the promotion and use of radiation technologies
in priority applications.

The need to increase the competitiveness of regional industries and reduce the
environmental impact.

The need to harmonize quality management procedures for the application of
radiation technologies in the region.

To improve the quality of industrial goods and services, safety of operation and
protection of human life in the region.

To improve the use of the natural, renewable, non-toxic resources of the Latin
American and the Caribbean region for sustainable development.

To preserve the rich and vast cultural heritage of Latin America and the Caribbean.



2. PRESENTATION OF THE REGIONAL STRATEGIC PROFILE FOR LATIN
AMERICA AND THE CARIBBEAN (RSP) 2016-2021

2.1. INTRODUCTION

The existing Regional Strategic Profile for Latin America and the Caribbean (RSP) covers the
period 2007-2013; for this reason it needs to be updated taking into account the level of
progress made in achieving its strategic objectives and the prospects for the use of nuclear
technology in the region in the next few years.

This new RSP will cover the period from 2016-2021; it will serve as a reference for the
promotion and development of cooperation among countries of the region and will facilitate
the planning of regional technical cooperation projects, since it will give continuity to the
planning undertaken on the basis of the RSP for 2007-2013.

It is important to mention that the 2014-2015 technical cooperation cycle is a transition
period that will be used as a bridge between the existing and new RSP. The technical
cooperation projects approved for this transition period will focus on needs in thematic areas
of the existing RSP that have not been properly met during previous cycles.

The International Atomic Energy Agency (IAEA) and the Co-operation Agreement for the
Promotion of Nuclear Science and Technology in Latin America and the Caribbean (ARCAL)
have cooperated closely in the preparation of a new, solid regional planning framework aimed
at addressing the priority needs and problems of the region within a time frame up to 2021.

In the preparation of the new programmatic framework, account was taken of the important
advantages that ARCAL offers, as an intergovernmental agreement, in the development of
technical cooperation project proposals, the mobilization of national resources and means to
facilitate project implementation, in monitoring and disseminating the results achieved and in
evaluating the impact of the projects for the countries of the region.

As a point of departure for the preparation of the new RSP for 2016-2021, consideration was
given to the following:

Evaluation of the results achieved in cooperation cycles during the period
2007-2013;

The current situation regarding nuclear applications in the region, including new
technologies;

Identification of conceptual and methodological adjustments required to improve
the process of elaborating the RSP; and

Dissemination of the impact and benefits of the technical cooperation projects in
the region.

2.2. PROCESS FOR THE PREPARATION OF THE RSP FOR 2016-2021

The process of preparing the RSP for 2016-2021 began at the XII ordinary meeting of the
ARCAL Technical Co-ordination Board (ATCB) held in Panama from 23 to 27 May 2011,
when a working group was created specifically for this task. Subsequently, at the
XIII ordinary meeting of the ATCB, that was held in Chile from 7 to 11 May 2012, agreement
6



was reached on a timetable of activities to be implemented through the Supervision and
Coordination Group for the RSP (GSC), which was given the responsibility for the updating
work.

In December 2012, the first meeting with experts from the thematic groups for each of the
sectors of the RSP was held in Cuba with the objective of evaluating the implementation and
results of the regional technical cooperation projects for the period 2007-2013.

Subsequently, from 18 to 22 March 2013, a second meeting of the GSC was held in Costa
Rica to analyse the project evaluation reports prepared by the experts in Cuba and to draw up
proposed terms of reference for the RSP for 2016-2021 with a respective timeline and
agendas for work.

From 13 to 17 May 2013, the thematic groups held a meeting in Vienna, Austria, where the
strategic sectorial diagnosis was completed, and the needs or problems were identified with
their strategic objectives, impact indicators and prioritization. In the margins of the meeting,
the terms of reference for the preparation of the RSP for 2016-2021 were discussed once
more and a new final version was drawn up, one notable aspect of which is the plan to prepare
indicative programming with respect to the cooperation cycles covered by the new RSP.

From 4 to 8 November 2013, a joint meeting of the GSC and IAEA officers was held to
review and align the sectorial reports prepared by the thematic groups of the RSP, and to draw
up a complete first draft of the document, which was circulated after the meeting to all
Member States of the region and the technical departments of the IAEA for review and
comment by the end of January 2014.

From 3 to 7 March 2014, the last meeting of the process was held in Vienna, where the GSC,
leading experts of the working groups and IAEA officials prepared the final version of the
document taking into consideration the feedback received during the review process, to be
submitted for approval to the responsible entities at the IAEA and ARCAL level. During this
meeting a working document was prepared with strategic guidance to facilitate the planning
of technical cooperation cycles covered under the new RSP for 2016-2021. This document
will be updated periodically depending on the progress made in achieving the objectives and
goals set.

2.3. OBJECTIVE OF THE REGIONAL STRATEGIC PROFILE

The objective of the RSP for 20162021 is to establish a strategic framework for cooperation
for the Latin American and Caribbean region on the basis of a descriptive analysis of the most
pressing problems and needs” in the regional context that can be addressed using nuclear
technology.

The framework of cooperation for the RSP 20162021 will be a programmatic reference of
major importance for the preparation of project and programme proposals for ARCAL as well
as the TAEA in terms of the technical cooperation programme for the region.

? For the purpose of formulating needs or problems, it should be noted that:
a need includes what is wanted and concerns a situation that is not satisfactory or shortcoming;
. a problem is a situation to be resolved.



The new RSP will also serve to improve regional cooperation through better communication
and dissemination of the impact of technical cooperation projects, which could help to attract
strategic partners from within the region, as well as outside it, to develop projects with greater
benefit and impact.

It should be noted that the RSP for 2016-2021 provides a dynamic framework, and that, in
view of the conditions and needs of the region at a given time, project proposals that have not
been covered in this document may be put forward provided that they are in line with the
principles, standards and quality criteria of the IAEA’s technical cooperation programme.

2.4. SCOPE OF THE RSP 20162021

In order to ensure continuity with the existing RSP, the new RSP will include the following
priority sectors for the application of nuclear techniques:

1.  Food security: agriculture, food, animal health.

2. Human health: nuclear medicine, radiotherapy, radiodiagnostics, medical physics,
radiopharmacy, nutrition.

3. Terrestrial and marine environment: atmosphere, water resources, terrestrial
environment, marine environment,

4.  Energy: nuclear energy and research reactors.

5. Radiation safety: regulatory infrastructure, protection of patients, the public and
the environment, management of radioactive waste and radiological emergency
preparedness and response.

6. Radiation technologies: radiation processing technologies (gamma, electron and
X ray), radiotracers, nucleonic control systems, non-destructive testing and
analytical techniques for: treatment of water, emissions and waste; coastal
engineering; advanced materials; medicine; characterization and preservation of
cultural heritage; industrial processes; natural resources; and inspection technologies

2.5. CONTENT OF THE RSP AND THE METHODOLOGY USED

This document establishes a descriptive analytical profile of the region’s most pressing needs
and problems and the priority with which they can be addressed using available nuclear
technology.

The RSP for 2016-2021 has been drawn up on the basis of a sectorial diagnosis, the
identification of priority problems and needs and their respective objectives and indicators,
taking into consideration:

the Millennium Development Goals;
prioritization between sectors;
the proposed objectives;

the desired results to be achieved in the period.



With this objective, a group of regional subject experts was formed that, together with
technical officers from the IAEA, carried out an analysis of strengths, weaknesses,
opportunities and threats (SWOT), allowing the needs and problems in the region to be
identified.

The methodology described in Annex 1 was used to assign priorities within the set of
needs/problems identified.

Specific attributes were assigned to these needs/problems relating to their severity, time,
extent, relevance and level of difficulty. The resulting values allowed for a quantitative
comparison of the needs/problems. In the analysis, account was also taken of the different
levels of development of the countries in the region.

The characterization of the need or problem contains the following elements:

Justification of the need/problem setting out clearly the situation to be addressed.
This justification establishes qualitative and quantitative baselines of the situation
diagnosed.

An objective at the strategic level that can be achieved during the period 2016 to
2021 and within the limit of available financial resources, considering that
ARCAL and the TAEA technical cooperation programme work on the basis of
two-year technical cooperation cycles.

An indicator for the proposed objective.
2.6. GENERAL RESULTS

A total of 39 needs/problems was identified by the thematic groups. The specific analysis
using the methodology applied is set out in each of the sections of the document. The results
of this are presented below.

FOOD SECURITY

Al. Improvement of practices for the management of agricultural soil and water
resources with the appropriate use of agrochemicals, fertilizers, water and
microorganisms for biological nitrogen fixation.

A2. Use of technologies for the improvement of animals and plants of recognized
economic importance and to support initiatives to improve the yield/production and
commercial potential of plants and animals reflecting the region’s biodiversity.

A3. Incidence of transboundary diseases in animals, including those with zoonotic
repercussions.

A4. Availability of foods of animal (including products derived from aquaculture) and
plant origin that meet quality and safety standards.

AS5. Damage caused by pests to foods of animal and plant origin.

A6. To support initiatives for the development of aquaculture in the region.
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HUMAN HEALTH

S1. To improve efficiency and quality in the use of new technologies for the diagnosis
and treatment of diseases.

S2. Lack of appropriate technology management systems for planning, incorporation and
maintenance of biomedical equipment.

S3. Insufficient nuclear medicine and radiotherapy technicians to meet the growing need
arising from the establishment of new centres in the region.

S4. Insufficient human resources in medical physics in imaging services (nuclear
medicine and radiology).

S5. Shortage of comprehensive, functional and operational national cancer control plans.

S6. Growing childhood obesity in the region and its link to the incidence of
non-communicable diseases, caused in part by malnutrition in early infancy.

ENVIRONMENT
M1. Inadequate management of the region’s water resources.

M2. Insufficient evaluation of the impact of pollution from pesticides, persistent organic
compounds, heavy metals and other pollutants of anthropogenic and natural origin in
water and soil.

M3. Limited knowledge of the main processes affecting coastal areas.
M4. High degree of atmospheric pollution due to trace elements.

MS5. Inadequate risk assessment of the environmental and social impact of hydraulic
structures.

ENERGY

El. To improve education and availability of objective and extensive information on
nuclear energy.

E2. Absence of integrated appropriate long-term energy development studies in most of
the region.

E3.To improve knowledge of the region’s uranium potential.

E4. Absence of an established network for the exchange of information and coordination
of strategies, from research reactor operators to the radioisotope end user.



ES5.Lack of experience in the region in processes to extend the operating lifetime of

nuclear power plants.

E6. Shortage of highly qualified staff to manage and operate research reactors.

RADIATION SAFETY

R1.

R3.

R4.

RS.

R6.

R7.

R8.

RO.

Insufficient application and implementation among end users of principles and
requirements concerning radiation protection set out in international safety
recommendations for the control of medical exposure in computed tomography,
radiotherapy, interventional procedures and digital radiology.

Lack of guarantees in countries of the region to ensure that governments maintain a
sustainable national regulatory system for radiation protection and safe transport of
radioactive material.

Insufficient management systems in regulatory bodies to ensure compliance with all
legislative responsibilities in the countries and recommendations of IAEA standards.

Insufficient coverage by the radiation protection services (individual internal and
external monitoring and workplace monitoring) of occupationally exposed workers in
the countries. Inadequate implementation of quality systems in technical services and
the lack of availability of unified or centralized national records of occupational dose
in all countries.

Lack of national strategies and policies for the safe and sustainable management of
radioactive waste and improvement in the operational control of waste and disused
sources.

Limited capacities in countries for planning, notification and response with regard to
radiological emergencies, including the provision of medical care to those affected,
systematic analysis of accidents and dissemination of information.

Limitations for calibration at the levels of radiation protection, radiotherapy and
radiodiagnostics by secondary standards dosimetry laboratories in the region.

Insufficient application of management systems among end users, including the
promotion and implementation of safety culture.

Absence of national strategies for education and training in radiation safety.

R10.Insufficient information and consultation with interested parties and the public

concerning possible radiation risks associated with facilities and activities, and
processes and decisions of the regulatory body.
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RADIATION TECHNOLOGY

T1.

T2.

T3.

T4.

TS.

Té6.

The need to identify, outline and publicize the specific and strategic opportunities
and challenges in the region concerning the promotion and use of radiation
technologies in priority applications.

The need to increase the competitiveness of regional industries and reduce the
environmental impact.

The need to harmonize quality management procedures for the application of
radiation technologies in the region.

To improve the quality of industrial goods and services, safety of operation and
protection of human life in the region.

To improve the use of the natural, renewable, non-toxic resources of the Latin
American and the Caribbean region for sustainable development.

To preserve the rich and vast cultural heritage of Latin America and the Caribbean.

2.7. STRATEGY FOR THE IMPLEMENTATION OF THE RSP FOR 2016-2021

The RSP for 20162021 takes into account the need to establish a strategy for implementation
on the basis of the priority needs/problems in each sector.

In order to achieve the long-term results of the RSP, specific objectives and precise indicators
will have to be formulated on the basis of updated guidelines facilitating the establishment of
goals to be achieved through the technical cooperation programme.

In the strategy for the implementation of the RSP for 20162021, consideration will also be
given to the need for human resources as well as the availability of financial resources for the
period of the RSP.

12
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3. FOOD SECURITY
3.1. BACKGROUND

The activities for the preparation of the RSP for the period 2016-2021 began with an analysis
of the validity of the needs/problems identified in the RSP for the period 2007-2013. This
analysis was carried out taking into consideration the results obtained in the projects financed
by ARCAL and the TAEA in Latin America and Caribbean based on the reports analysed at
the meeting in November 2012 in Varadero, Cuba.

With regard to food security, a number of the characteristics of the SWOT analysis
undertaken in the previous RSP still prevail in the region. New opportunities are appearing
associated with the great diversity in climate, biology and natural resources (availability of
land, water, etc.) in the region; these factors will be reflected in the potential increase in the
production of high quality food. The starting point was to determine the needs/problems
independently from the application of nuclear techniques; and then, following and analysis of
possible solutions, nuclear techniques were found to be tools of considerable value in
addressing many of these needs/problems, as will be shown further on.

It should also be pointed out that the subsectors considered in this work are the same as those
in the previous RSP, namely:

Mutation induction and genetic improvements of plants;

Integrated management of soil, water, plants, fertilizers and environmental
protection;

Integrated management of plant and animal pests;
Animal production and health;
Quality foods, free from toxic residues.

3.2. GENERAL ANALYSIS OF THE REGIONAL SITUATION

The world population is now estimated to be in the order of 7021 million, of whom
approximately 8-9% live in Latin America and the Caribbean (LAC). Owing to the increasing
exodus to urban areas, only 25% of these on average live in rural areas, and this proportion
exceeds 43% in the poorest countries [1]; this is why this sector is unquestionably a
fundamental source of subsistence and economic progress for millions of people in the region.

In the region, agriculture can be divided into two large groups: smallholders, who are in the
majority, use a small fraction of the total farming land with minimal agricultural technology
and produce more than 70% of the foods consumed daily by the local population; the major
producers, who are mainly engaged in agribusiness in the region.

The Latin America and the Caribbean region occupies 11 % of the global agricultural area
(1533.35 million hectares [ha]) [2], and has one of the largest areas in the world that could be
used for agricultural purposes (980 million ha); discounting the area currently used,
approximately 770 million hectares remain. From this, it can be inferred that the region could
increase its agricultural area at least fourfold. This, together with the region’s high level of
biological diversity, means that it offers the greatest potential and opportunity for the future
14



development of humankind, at least as far as food production is concerned. The considerable
potential for the development of fishing in the region, which has not yet been fully exploited,
should be noted. In this regard, the FAO considers that, given that the world population could
exceed 9 billion in 2050, food production must grow by more than 70% [3]. Taking into
account the potential resources available, it is hoped that Latin America and the Caribbean
will guarantee the production to meet more than 60% of the global demand for food. This
explains the urgency of developing sustainable farming techniques in the region.

The region also has considerable potential in order to offer the world community new species
of agricultural products, since, according to UNEP [4], it has five of the ten megacentres of
biodiversity in the world (Brazil, Chile, Mexico, Paraguay and Peru). With regard to
agricultural crops, the New World, which is where the region is located, has provided the
most diverse crops that today form the basis of the world’s food (potato, maize, beans,
tomato, yucca, cucurbitaceae, avocado, cacao, garlic chilli, vanilla, etc.). In the area of
stockbreeding, Latin America and the Caribbean have large populations of the main species of
livestock, across the different subregions, which constitute the economic base for various
sectors, in terms of local and regional trade, as well as for large-scale industrial exploitation
and the export of derivatives. Owing to the fact that they are indigenous species (as in the case
of South American camelids) or were introduced at least 200 years ago by European
colonizers (this was the case for cattle, sheep, pigs and buffalo), they have special and select
gene pools that have enabled them to adapt to different agro-ecological zones in the region.
This is why Latin America and the Caribbean are considered a bulwark of world food
security.

In recent decades, the contribution of the agricultural sector to regional GDP has exceeded
8% and in some countries has been greater than 20%. However, from the point of view of
economic accounting, the real contribution of the agricultural sector to GDP is viewed more
broadly, since, in addition to its share in terms of the primary products it generates, the
contribution from its intersectorial links must also be taken into account, in particular its links
with the container and packaging, food processing and textile industries, as well as transport
and trade services, and the so-called agribusiness. It is estimated that, for every dollar
generated in the agricultural sector in the region, an average of three and six dollars are added
to the country’s economy, the figure being even higher in the relatively more developed
countries (Argentina, Brazil, Chile, Mexico and Uruguay). These figures reflect the fact that
the agricultural sector is an important driving force for regional progress.

However, positioning agricultural activity as a net provider of food and as a strategic sector
for regional development has brought with it negative consequences, such as: progressive
degradation of arable land and erosion owing to intensive use and inadequate management,
fertilization and irrigation practices; the gradual reduction in the area of natural woodland in
order to increase the area available as pasture and for production of industrial crops for
export; a loss of biodiversity owing to the substitution of native species crops with crops of
high commercial value; pollution by agrochemicals used in pest control during production and
in the post-harvest treatment of agricultural products, including losses of foods owing to a
high mycotoxin content as a result of poor conservation or storage.

Furthermore, in rural areas the scourges of hunger and malnutrition are present, eroding and
concealing the intrinsic value of agricultural and stockbreeding activities. Latin America and
the Caribbean mirror the global trend in terms of the poor and malnourished: 80% in rural
areas and 20% in urban areas. The highest indicators of poverty and malnutrition in the region
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are found in the rural areas of the Andean subregion, Mesoamerica, the Caribbean and in the
tropical zones of South America [5]. It should be noted that, over the last 10 years, as a result
of factors including social policies implemented by governments to reduce poverty,
undernutrition in the region decreased from 13.5% to 6.5%; however, there are still
approximately 40 million people suffering from undernutrition.

To sum up, although the sector in the region exhibits generally positive results, it also faces a
series of important challenges that must be overcome in the coming years to opt for
sustainable food development compatible with higher levels of growth and social welfare,
combined with conservation and use of biological diversity without harming natural
resources. For this development to occur, the condition sine qua non is that regional
agricultural activity must increase significantly and in a sustainable manner. Numerous
specialists in economic development have identified technological change as the variable
which contributes most to economic growth. In Latin America and the Caribbean, for
example, it is calculated that approximately 40% of the improvements achieved in agricultural
production are attributable to technological change; this is very similar to what has been seen
in the world, where, over the last 50 years, more than 40% of the rate of increase in the
production of foods has been due to the use of nitrogen fertilizers [5].

In summary, the problem of poverty and malnutrition in the region is due to the low fertility
or poor quality of the soil, which prevent desired yields from being obtained, and result in the
poor quality of foods produced as well as a shortage of sources of employment. It seems that
the old adage “poor soils condition poverty”, which still prevails to a large extent in many
regions of the world (Africa, Asia, among others), continues apply in many areas of the
region. In some tropical countries, such as Brazil, where a large part of agriculture is based on
soils that are extremely acidic and poor, the use of green revolution technology (use of
fertilizers, improved high-yielding varieties, pesticides, and irrigation, etc.), which began in
the 60s, made it possible to overcome the aforementioned problems to a large extent,
alleviating significantly the problems of hunger and malnutrition and permitting the
transformation from importer to exporter of foods. In other poor areas, small farmers produce
barely what the soil can give, or, in other words, continue exploiting the nutrients of the soil,
which are already low, making this natural resource even poorer or degrading it further,
affecting the environment. In these areas, the low use of agricultural inputs (seeds, fertilizers,
pesticides) and agricultural machinery is associated with a high economic cost, which cannot
be met given the existence of poverty. In these areas, it is essential to seek technological
improvements in the efficient use of inputs in order to derive the greatest benefit from their
use.

However, technological change in the region is insufficient to respond successfully to global
trade liberalization and to exploit the opportunities this offers, assuming as a paradigm
sustainable agricultural development founded on increasing production and export of
agricultural products without concomitant effects for human health or damage to the
environment. These technologies include sustainable management systems, such as direct
sowing (zero-tilling) and an integrated crop-livestock farming system that rotates cereal crops
with pasture crops; these systems are widespread in Argentina, Brazil and Paraguay, but need
to be expanded/adapted for other subregions.

With regard to livestock, the inadequate control of various animal pests, including the New
World screwworm (NWS) [6, 7], is well-known in subregions of South America and the
Caribbean, and affects not only the yield, but also the quality of meat, milk and leather. The
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progress made in this regard by the United States, Mexico and Central American countries,
which have considerable experience in the successful use of the sterile insect technique as the
best technique for eradicating the NWS, should be noted. Panama has a facility for the mass
production of sterile NWS and this, together with personnel specialized in this field, could be
used as a platform to launch a regional initiative aimed at suppressing and eradicating NWS in
the long term in countries of the subregions of the Caribbean and South America.

The absence of technological change, to which nuclear technologies could contribute, can be
seen in terms of: genetic improvement of agricultural and livestock species, both traditional
and non-traditional; development of good practices in the use and management of soil and
water resources; prevention, suppression or eradication of transboundary agricultural and
livestock pests; management of health and genetic limitations in the rearing of livestock
species and captive aquatic organisms; timely diagnosis of animal diseases; control and
monitoring of toxic substances and residues posing a risk to human health in food; and
strengthening of networks and capacity for supporting agricultural analytical services.

It should be noted that properly mechanized agricultural areas in the region that account for
the agribusiness of countries do not generally produce foods for the direct use of the
population, rather food for animals (chickens, cows, pigs, etc.) in developed countries. It is
paradoxical that, it is the small producers in the region who produce the largest proportion of
staple foods (beans, rice, maize, potato, manioc and sweet potato, etc.) consumed every day
by the population. This is why there is great scope in this area for the development and
transfer of technology in the context of sustainability.

3.3. SWOT ANALYSIS
3.3.1. STRENGTHS

(1) The existence of local entrepreneurs capable of adopting innovative technologies in
the agricultural sector and in aquaculture.

(2) The edaphoclimatic diversity enables the region to be a major world supplier of an
extensive range of agricultural products of importance for food and in industry.

(3) It accounts for a significant percentage of world trade in agricultural and livestock
products, such as soya, sugar, coffee, fruit, meat and dairy products.

(4) The region has wide availability of unexploited or underused land to expand
agricultural activity.

(5) The region boasts extremely high biodiversity levels and can offer the world
community new agricultural and aquaculture products of economic potential with a
high nutritional or medicinal value (grains, roots, tubers, fruit, camelids, fish,
shellfish, etc.).

(6) Development and implementation of agricultural techniques, such as biological
nitrogen fixation, genetic improvement of animals and plants, direct sowing,
integrated crop-livestock farming system, and biological control of pests for the
sustainable production of food in the region, with the existence of scientific and
technological institutions with trained personnel.
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(7)

®)
€))

The growing increase of national services and subregional agreements for the
prevention and control of transboundary pests and diseases, which contribute to the
suppression or eradication at subregional level of agricultural pests, (fruit flies) and
livestock diseases (foot-and-mouth disease, botulism, rabies, bovine brucellosis,
tuberculosis, etc.), including the NWS.

Public policies to promote food security that are being implemented in the region.

The existence of risk management systems: agroclimatic, emerging diseases, food
and environmental contaminants.

3.3.2. WEAKNESSES

(M

)

3)

Q)

6))

(6)

(7)

®)

Scientific and technological institutions work in isolation and duplicate activities,
and it is well known that there is a lack of ongoing networked studies and research
at the regional level.

A clear lack of continuity in research into and spread of technologies owing to the
frequent leadership changes research programmes and in national health services.

Insufficient participation of the private sector in the initiatives to promote scientific
and technological development in the area.

Inadequate coordination among the international organizations associated with food
security in the region.

Self-sufficiency has not been achieved in the provision of staple foods in some
countries of the region, in particular in the Andean subregion, Central America and
the Caribbean.

The inadequate application of international quality standards with regard to food
products for domestic consumption and for export is a potential risk to human
health, and limits access to markets.

Significant food losses in the post-harvest period owing to the lack of an appropriate
infrastructure.

The appearance of new weeds and agricultural and livestock pests/diseases owing to
the development of resistance as a result of the irrational use of agrochemicals and
medicines, which adds to the contamination of the environment and food by these
products.

3.3.3. THREATS
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Introduction and expansion of emerging and re-emerging exotic or endemic diseases
and pests in the region (for example: fruit fly, highly pathogenic avian influenza,
foot-and-mouth disease, rust), which leads to the excessive use of pesticides for
their control.

The growing use of products (soil oil, maize, sugar, etc.) in the production of
biofuels.



(3) The existence of non-tariff barriers on the region’s agricultural products.
(4) Reduction in agricultural productivity due to the effects of global climate change.
3.3.4. OPPORTUNITIES

(1) Development of second-generation biofuels using waste from the harvest of food or
industrial crops.

(2) Increase in the international market for agricultural and aquatic products.

(3) Opening for countries to sign agreements for cooperation in the area of science and
technology together with local capacity to develop synergistic agreements between
the public and private sectors.

3.4. NEEDS/PROBLEMS

This section presents the needs/problems identified in the food security sector with their
respective justifications, organized according to the TOTAL GRADE of priority.

Al. Improvement of practices for the management of agricultural soil and water
resources with the appropriate use of agrochemicals, fertilizers, water and
microorganisms for biological nitrogen fixation.

Justification: The small farmers in the region produce more than 70% of the food for the
population, but it is they who suffer from the poor soil quality and limited access to available
technology. With the exception of countries in the subtropic and temperate zone of the region,
the soil in the vast majority of countries in the Andean and tropical zone (particularly Brazil
and Central America) is naturally poor or very poor in nutrients and has toxicity issues as a
result of high levels of aluminium, iron and manganese, which leads to very low yields of
food products, exacerbating poverty, hunger and undernutrition.

One of the indicators of the level of agricultural technification is based on the effective use of
fertilizers. The region consumes only 10.2% of the world’s fertilizers [8]. It should be noted
that, in virtually all countries of the region, agricultural technology is geared primarily
towards industrial or export crops (soya, sugar cane, coffee, fruit and vegetables being some
of the main ones) and very little towards food crops (beans, rice, maize, potato, cassava and
sweet potato). One regional technology that has a major impact on agriculture is biological
nitrogen fixation (BNF) in soya, a typically regional technology used by large producers that
enables more than 37 Mt of protein to be produced annually without the use of N fertilizer
over an area of 50 million hectares distributed across Brazil, Argentina and Paraguay [9, 10,
11]. This technology is not widely used for basic food crops, such as beans and peas. There is
also a clear need to improve nitrogen availability in the poor soils of small farmers through
the use of green manure and organic fertilizers. Recently, it has been demonstrated that
simply increasing the content of nitrogen in the soil, makes it possible to increase the carbon
content of the soil, which helps to mitigate the greenhouse effect. Currently, two technologies
for the management of sustainable agricultural systems are becoming more widespread across
the region, particularly among large producers of cereal and meat. The first is direct sowing
(zero-tilling), which is used in approximately 50 million hectares in Argentina, Brazil and
Paraguay. The other technology is an integrated crop-livestock farming system that is fully
developed in Argentina and Brazil, whereby growth of cereal crops is rotated every 2 to
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3 years with the growth of pasture for the same period of time. These systems have the
advantage of not only contributing to sustainable production of foods over large areas, but
also of reducing the deterioration of the land, or of rehabilitating it, while also contributing
significantly to mitigation of the greenhouse effect and promoting carbon capture in the soil.
In view of the above, there is an urgent need to adapt these technologies, and/or develop new
techniques for the different agricultural areas of the region.

Nuclear techniques offer the best prospects for this. Use of "N as a tracer is a fast and
economical way of producing recommendations for efficient fertilizer management (dose
factors, sources, localization, fractionation and application methods) [11, 12]. The N isotope
dilution and "°N natural abundance techniques are also extremely useful for evaluating the
efficiency of BNF in legume production systems, allowing more efficient varieties and
inoculants to be selected [14, 15, 16, 17]. Techniques using C will make it possible to
evaluate the efficiency of the management systems with regard to carbon capture in the soil
and its dynamics over time, with a view to promoting the sustainability of the agricultural
system [18]. In the same vein, techniques using "*’Cs are valuable tools to quantify soil losses
due to erosion or to evaluate the efficiency of production systems in controlling erosion [19].
They are also useful for the efficient use of water in agriculture, which is a concern in the
world since agriculture consumes over 70% of fresh water; although the region has large
reserves of this resource, it is important to optimize its use. In this regard, techniques based on
the use of '*O and *H isotopes also hold promise for studying the efficiency of the water use
of crops. The neutron probe technique, which is already used, enables monitoring of the water
content in the soil; and more recently new techniques based on the use of cosmic rays hold
promise [20].

The direct beneficiaries will be large and small farmers who will be able to maintain, and/or
recover the productive capacity of their land, as well as society in general through the
availability of a bigger quantity of foods of nutritional quality, and the reduction in the risk of
environmental degradation, which will have a positive impact on food security.

Objective: To improve systems of agricultural production in the countries of the region.
Indicator: Percentage of compliance with the indicators of the proposed objectives.

A2. Use of technologies for the improvement of animals and plants of recognized
economic importance and to support initiatives to improve the vield/production
and commercial potential of plants and animals reflecting the region’s

biodiversity

Justification: One way to reduce the food deficit in the region is by obtaining improved
varieties of crops that are tolerant/resistant to stress factors and by increasing animal
production.

In recent decades, genetic improvement of crops and animals has brought about significant
increases in productivity, resistance to diseases and pests, tolerance to drought, adaptation to
mechanized harvesting practices and uniformity of grains and fruit. Different methods are
recognized for the genetic improvement of plants and animals: a) intraspecific and
interspecific hybridization; b) mutation induction; and c) genetic engineering. Each method
has its advantages and disadvantages, but it is important to bear in mind that they complement
each other. Nuclear techniques are used for animal improvement to: a) control the
reproductive cycle (radioimmunoassay techniques to measure the hormonal status of animals)
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to shorten the period between pregnancies; b) nutritional efficiency using isotopic labelling
techniques.

The FAO/TAEA database of mutant varieties shows the huge impact of nuclear technology in
crop improvement. There are currently 3218 mutant varieties and the majority of them
(>80%) have been developed using nuclear techniques [20]. In the region, limited use is made
of this technique, but it holds promise. An example of this is crop improvement: amaranth,
“kiwicha” (Amaranthus caudatus), an important food source for the indigenous peoples of the
Peruvian Andes [21]; the barley variety (Hordeum vulgare) ‘Centenario’ produced in 2006
using irradiation techniques for mutation induction is cultivated today in the valleys of the
Peruvian Andes with high levels of production.

The need to reduce the vulnerability of domestic animals is both subregional (South American
camelids in the Andean region) and regional (‘creole’ breeds of cattle, sheep, goats and
buffalo) and requires the establishment of plans for the genetic characterization, conservation
and use of these breeds in a manner that would allow the germplasm to be preserved in situ,
and the identification of the genes that give these animal populations their adaptive
characteristics for the selection of other breeds, improving their productivity levels in specific
environments in the region.

Nuclear energy is extremely important in genetic characterization processes for generating
(X-ray) irradiated cell hybrid DNA panels for genetic mapping and/or owing to its use in
radioactive labelling processes (*°P and *’P) for synthesis of radioactive DNA probes in
analysis of genome regions. With the combined use of these nuclear techniques and other
biotechnology techniques, it is possible to achieve a better understanding of the processes that
control gene activation in animals that have adapted to the different agro-ecological zones in
the region, and once the genes involved in the adaptation process are known, their expression
in different physiological and or environmental conditions can be studied simultaneously,
generating useful information for the development of tools for genetic selection of superior
animals, and appropriate management strategies for these genetic resources.

These measures will therefore create the basis for the use of genetic markers in the assisted
reproduction of species of zootechnical interest in the region and for the appropriate use of
high genetic merit animals.

These results will facilitate the better use of reproductive biotechnologies, including
programmes for artificial insemination and embryo transfer, and improve strategies for the use
of forage resources for animal feeding and mitigation of the greenhouse gas effect.

Small and large-scale agricultural producers throughout the region will benefit directly from
these technologies, since knowledge and use of the plant and animal germplasm with the
genetic characteristics of adaptation and high productivity and quality in a sustainable
environment management context helps increase the value of the animals and their
subproducts and, consequently, increases the earnings of farmers and the foreign currency
revenue of the countries.

Objective: To increase food production through the improvement of plants and animals.

Indicator: Percentage of compliance with the indicators of the proposed objectives.
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A3. Incidence of transboundary diseases in animals, including those with zoonotic
repercussions

Justification: The countries of the American continent are separated by approximately
50 000 km of land borders that were put in place basically for geopolitical reasons and do not
prevent the movement or spread of diseases and pests. In this regard, the Global Frontiers —
Trans-Boundary Animal Diseases initiative (GF-TAD), the outcome of an official agreement
between the World Organization for Animal Health (OIE) and the Food and Agriculture
Organization of the United Nations (FAO), addresses the challenge of combating animal
diseases from a regional and hemispheric perspective [22, 23].

In this connection, various actions are being taken in the region, which, although still isolated,
seek to develop and/or improve epidemiological monitoring and control services for emerging
transboundary animal diseases of economic importance, such as foot-and-mouth disease,
highly pathogenic avian influenza — H5N-1 and spongiform bovine encephalophy — BSE
[1,24,25,26,27]. However, a wide technology gap exists between countries in the region,
despite the transboundary nature and major relevance of this issue for the regional economy.
An outbreak of one of these diseases, would lead to incalculable losses and cause irreversible
damage to stockbreeding and economic activity in the entire region due to the economic
barriers imposed by countries that import animal products and derivatives.

Laboratories in all countries in the region need to be prepared to provide swift and accurate
diagnosis of emerging diseases, using modern and appropriately validated technologies.
Nuclear energy is utilized in the development and use of radioactive DNA probes for
high-sensitivity processes (such as DNA and RNA blotting) to detect pathogenic agents in
field samples, and these should serve as a reference to validate other detection methods
involving the analysis of nucleic acids [28]. The use of vaccines and sera that have been
inactivated using ionizing radiation (gamma radiation) is an important application of nuclear
energy in this subsector, since it allows reference samples to be exchanged among countries
and subregions, facilitating standardization of methods between zones with different health
classifications, in line with current international standards.

The primary beneficiaries of this work will be the economies of all countries, whose
epidemiological monitoring services will obtain more swift, accurate and efficient methods of
detecting these types of pathogenic agent, allowing them to verify their technical and
managerial competence in the area of animal health, together with the countries that import
their livestock products, as regards the prevention and control of emerging diseases. Secondly,
livestock farmers will benefit directly, since the control of these diseases maintains their
commercial capacity at sustainable levels.

Objective: To improve preparation and response to transboundary animal diseases.

Indicator: Increase in the number of official laboratories using harmonized protocols with
appropriate interaction with the competent authorities in the country.

Ad4. Availability of foods of animal (including products derived from aquaculture)
and plant origin that meet quality and safety standards

Justification: The growing application of advanced technology to crops and animal products
for local consumption and export in the region has contributed to the massive use of various
types of inputs, such as pesticides, hormones and antibiotics, the residues of which often pose
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a risk to human health and compromise trade and the economies of the producing countries.
This is a particular problem in connection with coffee, bananas, grapes and other temperate
climate fruits, pineapple, citrus fruits as well as cereals (wheat, maize, rice, soya), and
products of animal origin, including products derived from aquaculture. Another serious
problem in the region is the use of fumigants to resolve plant health problems and overcome
quarantine barriers. Many of these fumigants have been banned in the world (e.g. ethylene
dibromide) or are in the process of being banned (e. g. methyl bromide), since it has been
shown scientifically that their use has negative effects on human health and the environment.
Problems with toxic residues may also be associated with the presence of mycotoxins due to
inappropriate management of production, conservation and storage of the foods. There is
growing concern about the exposure of consumers to various mycotoxins in these agricultural
products, as well as with regard to the need to meet quality standards for international
markets.

The frequent rejections of large quantities of foods by international markets owing to
problems with levels of residues that pose a risk to health or because of the presence of
undesirable pests is affecting the economy of the producer countries and mainly the farmers.
This is why it is essential, on the one hand, to rationalize the use of agricultural and livestock
inputs, particularly those that present risks to health, and, on the other, to develop and/or
adapt integrated methodologies, including analytical methods to control food safety (chemical
residues), biological methods to monitor levels of toxic residues in the foods, and to develop
or adapt methodologies to replace conventional post-harvest treatment with fumigants. It is
important to note that nuclear techniques in conjunction with techniques for chemical analysis
and molecular biology are tools that offer the best prospects to resolve the problem of
pesticide residues, and that the use of irradiation treatment is a good alternative to replace
treatment with fumigants. Irradiation of food products helps to meet sanitary standards and
reduce post-harvest losses. To ensure its proper use, networked programmes with
standardized methodologies should be implemented in the region.

The main beneficiaries of the programme, in addition to farmers, will be industrial sectors
involved in the processing and marketing of agricultural products, as well as consumers, who
will have access to better quality products.

These quality control programmes could be part of a rigorous risk analysis programme that
would facilitate risk management with the support of certified laboratories. To this end,
consideration should be given to the establishment in countries of residue monitoring
programmes in the countries with appropriate infrastructure (instrumentation) and
strengthened training for human resources.

Objective: To improve the quality and safety of foods.
Indicator: Countries that use validated and accredited techniques in analytical laboratories.

AS. Damage caused by pests to foods of animal and plant origin

Justification: Fruit flies that include the Mediterranean fruit fly (Ceratitis capitata) and
various species of the genus Anastrepha are the pests that cause most damage to the fruit and
vegetable crops in the region. In countries where they are not controlled or control is
deficient, they can cause 20%-40% losses in production. Moreover, owing to the
phytosanitary requirements imposed by the international market, the presence of this pest in a
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country severely limits that country’s fruit and vegetable exports and, given the transboundary
nature of the problem, it can sometimes restrict exports of neighbouring countries.

Because of its high mobility and reproductive capacity, the best way to reduce the losses
caused by this pest is to replace traditional means of control using insecticides from orchard to
orchard (with a high risk of product contamination) with the establishment of areas of low
prevalence or free of pests. In order to establish low-prevalence or fruit-fly-free areas, the
phytosanitary approach per se is wide-area integrated pest management, one of the main
components of which is biological control that includes the use of the sterile insect technique.

There are currently two regional scenarios that could be considered as specific strategic
objectives to be implemented within a timeframe of 15 years. The first is the suppression of
native fruit flies in localized areas in subregions of the Caribbean and the Andes; the second is
prevention of the re-emergence and transboundary spread of species of fruit fly in Latin
America owing to the movement of agricultural products or the creation of new biological
niches as a result of climate change.

With regard to the production of foods of animal origin, livestock development is severely
hampered in South American countries and on most of the islands of the Caribbean as a result
of the myiasis caused by the NWS (Cochliomyia hominivorax), which affects livestock
production and causes significant commercial losses to the livestock herd estimated at over
450 million head (cattle, horses, pigs, sheep, goats, etc.), as well as a deterioration in the
quality of leather. There is an urgent need to control this pest since its negative impact on the
livestock sector in the region is clearly on the rise.

In order to reduce losses in the livestock sector and develop production capacity in this area in
South America and the Caribbean, specific strategic objectives include: first, maintaining
areas free from the NWS in Mexico and Central America and, second, collecting and sharing
technical information and building the capacity of national animal health bodies in the use of
the sterile insect technique. Lastly, the suppression and long-term eradication of the NWS on
the American continent are proposed as a third strategic objective.

In addition, there are several diseases transmitted by vectors that may or may not be endemic
to the region but still constitute a significant threat to national and regional economies.
African swine fever and bluetongue in Europe are examples of pests that have penetrated
non-endemic areas. This is why high priority should be given to the degree of preparation for
the early diagnosis of pathogens in animals using advanced diagnostic technologies that can
be employed “on the ground”, as well as to strategies for the prevention and control of
vector-borne diseases.

Objective: To control pests and diseases of animals and plants.

Indicator: The area monitored and where pests and diseases of plants and animals are
controlled.

A6. To support initiatives for the development of aguaculture in the region

Justification: There is considerable potential in the region for the development of aquaculture
due to the extensive coastline and large water basins. Furthermore, the animal protein
produced in aquaculture is of high economic and nutritional value, but continues to be
insufficiently exploited. Aquaculture today is possibly the food production sector that is
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growing at the fastest rate in the world, and accounts for almost 50% of the world’s fisheries
products used for food [29]. In Latin America and the Caribbean, the fisheries sector
produced 1.76 million tons in 2008 and valued US $7.2 million in 2006, and has been
growing twice as fast (18.5%) as the global average rate (8.2%) over the last 30 years.
Although this involves the cultivation of approximately 90 more species, 85% of the total
production in 2006-2008 was based on only four species (salmon/trout, shrimp, tilapia and
mussels) [30,31,32].

However, for the sector to succeed, it is necessary to take actions including appropriate
development of structured programmes to control recurrence of disease problems in cultivated
species. New biotechnologies are being used to promote health in the sector through the
conventional selection for resistance to disease and through molecular and diagnostic
characterization of different pathogen strains. These analyses can provide information on the
origin of the pathogen and its presence in tissues, whole animals, water or soils. Molecular
techniques have been used to detect viral diseases in shrimps and to detect bacteria and fungi
in fish in various parts of the world. Data from the World Organisation for Animal Health
(OIE) indicates that there is a need to develop laboratories with the skills to provide this type
of service, and to establish rules for control of transit of these organisms and their products
between countries [33].

Given that relatively little is known about the biology of these organisms and their pathogens
(compared to terrestrial domestic animals), the fact that the cultivation of various aquatic
species of economic importance depends on the collection of ‘seed’ propagation material in
natural populations in the environment, and in view of the genetic deterioration which fish
and shellfish can suffer from in intensive cultivation programmes, there is an urgent need to
establish monitoring and genetic improvement programmes. Nuclear technologies offer great
scope for application and can be used to generate genome region DNA probes with
radioactive labelling (**P and **P) used in gene mapping.

The immediate beneficiaries of the programme would be the inhabitants of coastal areas and
regions with water resources, who would have access to accurate and rapid services for
monitoring of health and production conditions in their systems, which as yet do not exist in
several subregions.

Objective: To contribute to the development of aquaculture in the region.

Indicator: The number of techniques used in aquaculture activities in the region within the
framework of regional technical cooperation.

3.5. PRIORITIZATION OF THE NEEDS/PROBLEMS

The prioritization of the needs/problems in the sector is shown in Table 1.
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HUMAN HEALTH



4. HUMAN HEALTH
4.1. BACKGROUND

The “Regional Strategic Profile for Latin America and the Caribbean (RSP) 2007-2013” was
drawn up within the framework of the ARCAL-IAEA Strategic Alliance and identified, from
the regional perspective, the priority needs in the human health sector associated with the use
of nuclear technology. These priority needs were the main focus of the goals and objectives of
the projects approved and implemented during this period.

In order to ascertain the current status of the situation in the region in the light of progress
made in the projects implemented and new needs linked to technological developments in the
medical applications of ionizing radiation, a working group was established to draw up this
document.

The group includes experts in the areas of medical physics, radiotherapy, medical imaging
(nuclear and radiological medicine) and food safety, as well as in the planning and
implementation of ARCAL-TAEA projects.

Material used for the preparation of the RSP 2016-2013 was: the RSP 2007-2013, the
achievements of the projects implemented, documents providing a macro view of the situation
in the region published recently by specialized international organizations and documents on
working methods within the framework of the ARCAL projects.

4.2. GENERAL ANALYSIS OF THE REGIONAL SITUATION

The general health situation in the region was analysed by the Pan American Health
Organization (PAHO) in the 2012 publication “Health in the Americas” [34]. According to
the conclusions of this document, the total population of the Region of the Americas
increased from 886 to 935 million between 2005 and 2010; if that trend continues, it is
estimated that, by 2020, the population of the continent will increase to 1027 million, which is
equivalent to 13.4% of the world population.

According to “Health in the Americas” the general mortality rate in the region continued to
decrease (from 6.9 to 6.4 per 1000 inhabitants) between 2005 and 2010, while the global
fertility rate fell from 2.3 to 2.1 children per woman over the same period. PAHO considers
that, although these trends are a reflection of the main public health successes achieved over
the last century, ageing will lead to an increase in chronic diseases and disabilities.

From the epidemiological point of view, all the countries of the region are going through
different phases of epidemiological transition. At the regional level, data for the 2007-2009
triennium indicate that 76.4% of deaths were due to non-communicable diseases, 12.5% to
communicable diseases, and 11.1% to external causes, with variations between countries.

Cardiovascular diseases (CVD) are the leading cause of death among chronic
non-communicable diseases (CNCDs). Hypertension is one of the risk factors for this and
other chronic diseases. Premature deaths from CVD are more common among men than
women and occur at the time of life when productivity is at its highest and the economic and
social impact is greater. Between 2000 and 2007, mortality from CVDs fell 19% in the region
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(from 207.8 to 167.9 per 100 000 inhabitants [rates adjusted in 2007]) with behaviour
differentiated by subregion: in North America, the decrease was 25% (from 192.3 to 144.2)
and in the non-Latin Caribbean, 14% (from 296.4 to 254.9). In Latin America, the decrease
was also 14% between 2000 and 2009 (from 229.9 to 191.4 per 100 000 inhabitants).
Although the reductions observed in North America and Latin America were linear and
statistically significant, the decrease in the non-Latin Caribbean was statistically significant,
but non-linear [34].

Malignant neoplasms as a whole are the second cause of death in the countries of the
Americas. The main cancers among men in Latin America and the Caribbean are prostate,
lung, colorectal and stomach cancer; and among women, they are: breast, cervical cancer,
colorectal and lung cancer [35]. The incidence of malignant neoplasms depends on complex
interactions between biological and genetic factors, lifestyles and other social determinants
such as poverty, education, employment, accommodation, transport, contamination and
nutrition. In the Americas, mortality as a result of malignant tumours is declining. Between
2000 and 2007, age-adjusted mortality rates per 100 000 inhabitants fell 8% (from 131.3 in
2000 to 121.3 in 2007). However, there are significant variations between different subregions
and countries. Recent profiles of the cancer situation in the different countries of the region
have recently been published. Using available knowledge and technology, it is estimated that
between 50% of 60% of cancer deaths can be prevented. To achieve this, multiple actions
must be taken at the regulatory level, and lifestyle changes made throughout the life course. In
this regard, early detection and effective treatment are essential to improve the quality of life
of cancer patients [34].

At the regional level, a rapid and undesirable change is taking place in the eating habits of
broad sectors of the population, especially those with lower levels of income and education
[34]. The elevated consumption of processed food that is highly calorific, rich in fat, sugars
and salt, together with a significant decrease in the amount of fruits and vegetables consumed
and a reduction in physical activity, has led to an alarming overweight and obesity epidemic
[36, 37]. It is estimated that, in the region, between 50% and 60% of adults and between
7% and 12% of children under five — as well as a third of adolescents — are overweight or
obese. Furthermore, it is predicted that these figures will increase rapidly to reach 289 million
in 2015 (39% of the total population). ARCAL has helped to provide evidence of the links
between micronutrient deficiencies, chronic low-level inflammation and obesity risk factors
associated with non-communicable diseases in school-age children’. According to Globocan
project reports 2008 [35], cancer constitutes a growing burden for all countries in the Latin
American and Caribbean region; it is estimated that by 2030, the number of new cases will
double every year, resulting in approximately 1.7 million new cases and 1 million deaths
annually. A significant number of cases could be preventable (with changes in diet and
lifestyle, and through immunization strategies); another percentage could be detected early
with appropriate programmes and techniques; for another percentage, the health systems
should be prepared to improve patient treatment and care, improving survival rates and
quality of life. For appropriate cancer control, recommendations have been made at the
international level to establish national cancer control programmes (NCCP) that address
different components, with actions at different levels for prevention, early detection, treatment
and palliative care. Information from monitoring systems and research is an essential element

? Project RLA/6/059: Implementation and Evaluation of Intervention Programmes to Prevent and Control
Childhood Obesity in Latin America (ARCAL XCI).
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of any NCCP, and from the IAEA’s point of view, it is necessary to have regional data and
information on the results of the application of radiation medicine. In addition, the IAEA has
agreements with WHO and the International Agency for Research on Cancer (IARC) with a
view to strengthening cancer control from a comprehensive perspective.

One of the ARCAL projects recently implemented with the participation of 16 countries of
the region, RLA/6/063, provided important information on the actual situation in Latin
America with regard to the development of technology and human resources in nuclear
medicine. The final report of this project [38] indicates that nuclear medicine has developed
significantly in the region in recent decades. In particular, the majority of countries already
had gamma cameras and SPECT systems in 2009, however concentration varies (the average
number of units per million inhabitants is 2.2 and varies from 0.5 to 10.0); however, during
the period 2009-2012, a significant increase was identified in installed PET units, which rose
from 56 to 161, with the majority PET-CT units. There are also 32 cyclotrons in 9 of the
countries with PET-CT units.

Moreover, the report highlights that, in the majority of countries in Latin America, the various
radiopharmaceuticals required for diagnosis and treatment of heart diseases and malignant
neoplasms are available.

The situation across the region in terms of the production of radioisotopes and
radiopharmaceuticals continues to be very heterogeneous. Countries such as Argentina,
Brazil, Mexico and Peru have research reactors allowing national production of radionuclides
for the preparation of radiopharmaceuticals for use in diagnosis and treatment. Only
4 countries in the region: Argentina, Brazil, Cuba and Mexico, produce “Mo/”"Tc
generators, the others have to import them. Only Argentina, Brazil, Chile and Uruguay
produce reagent kits for the preparation of radiopharmaceuticals for diagnosis. The majority
of countries in the region have a radiopharmacy operational level of 1 or 2 in accordance with
the IAEA Operational Guidance on Hospital Radiopharmacy. All radiopharmaceuticals for
treatment are imported, with the exception "*'I, which is produced in Argentina and Brazil.

There are approximately 1560 nuclear physicians in the region; the number per gamma
camera varies between 0.5 and 2.5, while the number of technicians per gamma camera varies
between 0.5 and 3.5 with an average of 1.5. However, there is a marked shortage of medical
physicists and radiochemists in nuclear medicine services.

Radiotherapy is the non-surgical treatment that produces the most cancer cures (surgery 49%,
radiotherapy 40%, and chemotherapy 11%). It is used for curative purposes in 60% of cases
and is even more effective in combination with surgery and/or chemotherapy and, more
recently, with biological therapies. It is an effective option for alleviation and control of
symptoms in advanced cancer. In many cases it replaces supraradical surgery, achieving
higher rates of anatomical and functional preservation of organs and improving the quality of
life of the cancer patient. Radiotherapy is also becoming more relevant in the treatment of
non-cancerous lesions, such as benign tumours or neurological diseases.

In this area, the IAEA’s Directory of Radiotherapy Centres (DIRAC) database [38] reflects a
significant increase in technical infrastructure and in its level in the region. A review by
PAHO of the information in DIRAC shows that, between 2005 and 2013, the proportion of
linear accelerators in relation to the total number of high-energy radiotherapy units increased
from 42% to 63% per million inhabitants. In the field of human resources, the analysis
concludes that, over the same period, the number of radiation oncologists increased from
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1.6 to 2.2 per million inhabitants, and the number of medical physicists from 0.7 to 1.1 per
million inhabitants. However, these figures are lower than those of industrialized countries,
where there are currently 8.1 high-energy units per million inhabitants (compared to 2.2 in
Latin America), 93% of which are linear accelerators, and 4.5 medical physicists per million
inhabitants. It should be noted that this gap is tending to narrow with the launch, in various
countries of the region, of Master’s programmes in medical physics [39]; however, there is a
need to strengthen the clinical and imaging component of these programmes to improve the
performance of new graduates in the hospital setting.

Medical imaging to support clinical diagnosis has been one of the areas of medicine that has
developed the most over the last decade. Interventional radiology, in particular, has modified
the management of many diseases. Many countries are experiencing a rapid increase in the
number of procedures using X-ray technology, which gives the patients a high dose of
radiation (especially computerized tomography) and, in turn, leads to a marked increase in the
collective radiation dose.

Radiology equipment is associated with high costs in terms of procurement, operation and
maintenance. One of the problems identified by WHO is the lack of national policies for
health technologies in almost 70% of low-income countries to guide the planning, evaluation,
procurement and management of medical equipment, including for medical imaging [40]. The
implementation of such policies would have a positive impact on purchase, proper
installation, preventive maintenance, rational use and quality assurance of the technology, as
well as on the safety and efficiency of procedures.

4.3. SWOT ANALYSIS
4.3.1. STRENGTHS

(1) Capacities for the assessment of nutritional problems in children using isotope
techniques have been established in 18 countries of the region as a result of ARCAL
and national projects.

(2) Available installed capacity in the area of highly complex nuclear medicine has
increased in the region and is sufficient to meet demand in the majority of countries.
Four countries have infrastructure that meets international quality requirements to
produce radionuclides and radiopharmaceuticals with the capacity to export to other
countries of the region.

(3) There has been a rapid development of installed capacity of imaging and
radiotherapy services with a high technological standard in the region.

(4) National standards in the majority of countries in the region address aspects related
to quality in the provision of health services. In some, regulations are specific for
the quality of radiotherapy, nuclear medicine and radiology services, including
association with medical physicists and systematic quality control for equipment
and procedures.

(5) Existing inter-institutional, national and international agreements have been
strengthened, resulting in better regional integration. There are national and regional
professional societies in the various different disciplines in the health sector and
functional scientific and strategic support networks.
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Regional capacity has been strengthened for the conduct of quality audits in
radiotherapy and nuclear medicine, as well as radiology evaluations. A large number
of centres and human resources could benefit from these projects.

Various virtual training programmes, in particular in the nuclear medicine sector,
are being implemented in the region.

Studies of reference dose levels in radiology have been evaluated in various
countries.

Some countries of the region have postgraduate programmes for training specialized
human resources in all areas of interest: radiotherapy, radiology, nuclear medicine,
medical physics and radiopharmacy.

In the region there are centres with the capacity to offer skills improvement
programmes (short-stay) and experts in all disciplines relating to applications of
radiation in the health sector. National and regional scientific events are held
periodically for refresher training, sharing of experience and ongoing education.

The majority of countries in the region speak the same language, which facilitates
exchanges and ongoing training.

4.3.2. WEAKNESSES
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Shortage of radiotherapy and nuclear medicine technicians in some countries of the
region leads to the redeployment of human resources from other sectors (radiology
technicians or nurses), affecting the quality of the service provided.

The significance of nutrition in the first years of life and its effect on health and
development has assumed importance in the global health agenda, but there is little
knowledge of the contribution that nuclear and isotope techniques can make in the
evaluation of national programmes on nutrition.

Very little information in the region on the link between nutrition in the first years
of life, healthy growth in babies and young children and the risk of contracting
non-communicable diseases later on.

Limited knowledge of the benefits of using isotope techniques to study the
relationship between food and growth of children in early infancy, and improvement
of lifestyles for the prevention of non-communicable diseases.

Despite clear improvement in the coverage of health services in the regions, there
are still areas in some countries with limited access to diagnostic and therapeutic
procedures employing radiation.

Limited knowledge among referring physicians and administrators of health
institutes of the specificity and benefits of complex nuclear techniques in diagnostic
and therapeutic procedures.

Although medical specialists and medical physicists have become more highly
valued, human resources trained in the region are still migrating to more attractive
labour markets, particularly from countries with limited resources.
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(12)

(13)

(14)

(15)

(16)

(17)

(18)

Poor management of technological resources (national inventory, repair budget,
record of prolonged outages and duration of obsolescence).

Shortage of reliable official information in the ministries of health of countries
concerning installed technological capacity and human resources, as well as
requirements to meet the needs of the population.

Shortage of medical physicists in nuclear medicine and radiology services.
Unevenness in the structure and application of regulations in force.
Delays in diagnosis owing to a shortage of specialists.

Deficient mechanisms for monitoring, by the health authorities, of quality assurance
programmes in institutions providing health services.

Shortage in some countries of operational and funded national cancer control
programmes (NCCP).

Limitations in follow-up of radiotherapy patients and in the research capacity to
establish results indicators (no correlation with epidemiology teams).

Continued use of adult image acquisition protocols in paediatric patients, which
results in children receiving unnecessary radiation doses.

Limited access of potential beneficiaries to the projects is limited because national
and project coordinators do not disseminate the information.

Heterogeneous level of development among potential beneficiaries of regional
cooperation, which makes it difficult to establish an effective standard for training
programmes.

4.3.3. THREATS

(1

)

3)

4

6))

(6)

Economic and working conditions that prevent families from feeding their children
properly in early infancy.

Decrease in investment in health as a percentage of Gross Domestic Product (GDP),
which undermines the continuity of programmes and improvement in the quality of
health care.

Lack of administrative and governmental continuity causes instability in the smooth
running of projects.

Influence of donor organizations and the media in the reallocation of resources,
which leads to changes in priorities previously identified.

Speculative overpricing by providers of equipment and inputs, in terms of sale as
well as maintenance.

Migration of specialized human capital to other sectors or other regions.
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4.3.4. OPPORTUNITIES

(1) Cooperation among international organizations (UNICEF, PAHO, WHO) to address
the issue of nutrition in early infancy and its influence on the epidemiology of
problems affecting the population.

(2) Growing awareness among different medical specialists of the advantages of nuclear
techniques for diagnosis, treatment and research.

(3) A number of medical specialities are using new diagnostic and therapeutic
procedures for the management of pathologies prevalent in the region.

(4) Recognition by health authorities of chronic non-communicable diseases (cancer,
cardiovascular disease, diabetes, etc.) as an important public health issue.

(5) National professional societies in the region can participate in legislative processes
and the development of public policies relating to the health sector.

(6) Technical cooperation involving international organizations and professional
societies in the area of training, and the availability of quality protocols and
guidelines.

(7) The possibility of evaluating existing resources and needs of countries, using
international databases, such as DIRAC.

(8) The possibility of improving the performance of nuclear medicine, radiology and
radiotherapy services through quality audits organized by international
organizations.

(9) In the majority of countries, information and communications technologies are
sufficiently developed for use in virtual and distance learning activities.

4.4. NEEDS/PROBLEMS

This section presents the results of the analysis undertaken on the basis of the SWOT analysis,
identifying the needs/problems of the sector, their justification, objective and indicator.

The needs/problems are set out in terms of the TOTAL GRADE of priority, in accordance
with the prioritization table in section V (Prioritization of needs/problems).

S1. To improve efficiency and quality in the use of new technologies for the
diagnosis and treatment of diseases.

Justification: The region is incorporating new technologies at an accelerated rate and
technology in the area of radiation medicine is evolving rapidly. In order to obtain maximum
benefit from these new technologies, professionals and technical staff must be appropriately
trained. The migration of specialized staff to other sectors and regions remains a threat.

Objective: To ensure that human resources (referring physicians, medical physicists, hospital

radiopharmacists, nuclear physicians, oncologists, radiotherapists, radiologists, technicians
and nurses) are trained and up-to-date in the use and benefits of complex technologies.
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Indicator: The percentage, in each country, of radiotherapy and nuclear medicine services
with complex technologies, and human resources properly trained in their appropriate use.

S2. Lack of appropriate technology management systems for planning,
incorporation and maintenance of biomedical equipment

Justification: The regional capacities for the evaluation, incorporation and management of
technologies are either very weak or non-existent. This means that: the technologies procured
are not always appropriate for local conditions, there is an inefficient geographical
distribution of technologies, no provision is made for lifecycle-associated costs (including
maintenance and depreciation), technology is underutilized, and that there are shortcomings in
the monitoring and evaluation of new technologies. Although institutions responsible for
evaluation and management of health technologies at country level already exist in the region
(Argentina, Cuba, Mexico, Uruguay and Brazil) and processes are implemented, the need still
remains in the majority of countries.

Objective: To contribute to the organization and establishment of technology management
systems for planning, incorporation and maintenance of biomedical equipment.

Indicator: The number of countries with a national system for the management of biomedical
technology based on IAEA recommendations.

S3. Insufficient nuclear medicine and radiotherapy technicians to meet the growing
need arising from the establishment of new centres in the region

Justification: The IAEA and ARCAL have made significant efforts to train technical
radiotherapy and nuclear medicine staff through regional training courses and internships that
have been used primarily by the staff currently linked to the services. However, countries face
difficulties in meeting their needs in terms of appropriately trained human resources for new
services, and this has not been reflected in the development of sustainable training
programmes in all countries. It is necessary to find mechanisms to provide training at the
highest level for technical staff in the field of radiotherapy and nuclear medicine in the skills
required. In nuclear medicine, regional cooperation has progressed with virtual training,
which should be strengthened and broadened for radiotherapy.

Objective: To increase the availability of radiotherapy and nuclear medicine technicians,
supporting existing training programmes and encouraging the development of new ones.

Indicator: A 30% increase in radiotherapy and nuclear medicine technicians available in the
region by 2021.

S4. Insufficient human resources in medical physics in imaging services (nuclear
medicine and radiology)

Justification: The region has noticeably improved its capacity to train medical physicists at
the level recommended by international organizations. However, because of requirements and
needs in radiotherapy, the majority of trained medical physicists joined this sector, having not
been exposed to the nuclear medicine and radiology sectors. The new Basic Safety Standards
(BSS) [41] (approved by the governing bodies of 8 intergovernmental organizations) require
medical physicists to support all medical practices because of the complexity of the
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procedures used. This situation is exacerbated by the increase in advanced technologies
incorporated in imaging services in the region.

Objective: To strengthen the imaging component of Master’s programmes in medical physics
in the region.

Indicator: The percentage of Master’s programmes in medical physics that provide specialist
professionals for advanced nuclear medicine and radiology services for the development of
their quality assurance programmes.

S5. Shortage of comprehensive, functional and operational national cancer control

plans (NCCP)

Justification: In order to ensure appropriate cancer control, recommendations have been
made at the international level concerning the establishment of NCCPs that address different
components and include action at different levels regarding prevention, early detection,
diagnosis, treatment and palliative care. These NCCPs should also base their actions on
information from surveillance, control and research systems. From the IAEA’s point of view,
there is a need for information on the disease burden at the national and regional level, as well
as information on the impact of the Organization’s inventions in radiation medicine in order
to develop and evaluate strategies to address the problem at the regional level.

Objective: To help to ensure that the NCCPs address coverage in an effective manner and
ensure the quality of radiation medicine.

Indicator: The number of countries that have implemented and/or improved NCCPs as a
result of cooperation with the TAEA; that have structured mechanisms to obtain, in a
systematic manner, up-to-date information on functioning and operation, as well as on
population coverage in terms of infrastructure and properly trained human resources in the
centres, the quality of services and survival rates associated with the use of radiation
medicine.

S6. Growing childhood obesity in the region and its link to the incidence of
non-communicable diseases, caused in part by malnutrition in early infancy.

Justification: It is estimated [34] that, in the region, between 50% and 60% of adults and
between 7% and 12% of children under five — as well as a third of adolescents — are
overweight or obese. Furthermore, it is predicted that these figures will increase rapidly to
reach 289 million in 2015 (39% of the total population). It is recognized that obesity is a
determinant in the incidence of non-communicable diseases among the population, such as
cardiovascular disease, diabetes and cancer.

Appropriate nutrition during pregnancy and the first years of life is essential for the healthy
growth of the child, his or her mental health and resistance to infection. The IAEA supports
the use of stable isotope techniques for the appropriate evaluation of public health
interventions, including the promotion of breastfeeding, micronutrient supplementation
programmes, a healthy diet and more physical activity in order to prevent and control the
double burden of malnutrition and non-communicable diseases.

Measurement of the changes in the body composition of children is important in order to
evaluate the quality of growth in the first years of life. There is currently very little
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information as to what constitutes a “healthy” body composition at different ages and on the
changes in body composition as children grow and mature. The IAEA supports the use of
nuclear techniques to measure the proportion of fat-free mass and body mass, and to evaluate
small changes in body composition.

Objective: To create the conditions for preparation, with the use of isotope techniques, of
body composition reference curves for each country of the region for use in the development
of public policies to fight child malnutrition.

Indicator: The number of countries that use their specific body composition reference curves
in national policies and programmes concerning child nutrition.

4.5. PRIORITIZATION OF THE NEEDS/PROBLEMS

The prioritization of the needs/problems in the sector is shown in Table 2.
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5. ENVIRONMENT
5.1. BACKGROUND

As for the previous RSP, the objective of this document is to describe the environmental
conditions in the Latin American and Caribbean region (LAC) and to identify areas for
improvement through international cooperation. The focus of considering the three elements
of the environment: land, water and air as an integrated whole, has been retained.

The RSP for 2016-2021 was prepared by reviewing the RSP for 2007-2013, environmental
literature and the development trends outlined in reports by other organizations, as well as the
information provided by members of the group. Projects developed within the framework of
ARCAL and the IAEA via thematic planning and the cooperation programme in Member
States also served as a reference for the applicability of nuclear technology to environmental
issues.

5.2. GENERAL ANALYSIS OF THE REGIONAL SITUATION

The Latin American and Caribbean region occupies 15% of the planet’s surface, has a great
topographic and climatic diversity, reflected in a great variety of ecosystems from tropical
forests to Andean high plateaux, and major socio-political, cultural and economic differences.
Many of the world’s ecologically richest eco-regions are in this region, such as the second
largest coral reef in the world off the coast of Belize. Land used for agriculture (excluding
pasture) occupies 19% of the region’s total area and contributes 10% of the countries” GDP; a
substantial proportion of the population (30-40%) is involved in this activity [42]. According
to recent data, the population of Latin America and the Caribbean increased by 295 million
(51%) between 1970-2009, and reached 581.4 million according to 2012 data from the World
Bank, increasing the pressure on space for human dwellings. This same source indicates that
approximately 53% of the population live in urban areas. According to the United Nations
“Millennium Development Goals Report 2013 [44], the proportion of the population living
in slums fell from 29% (2000) to 24% (2012), achieving access to improved water sources,
sanitation facilities, durable housing and a sufficient living area. According to this report, the
proportion of people living on less than $1.25 a day fell from 12% (1990) to 6% (2010).
According to the OECD/ECLAC “Latin America Economic Outlook 2013 [45], the
economic outlook for Latin America remains relatively positive, but is subject to uncertainty
and volatility because of the external context. After almost a decade of continued expansion,
interrupted only in 2009, the most recent forecasts indicate that regional GDP will increase by
3.2% in 2012 and 4% in 2013, which signifies a slowdown, while inflation is expected to fall.
In the short term, this scenario presupposes an acceptable performance vis a vis the global
situation and continued economic stability in the region. In the ECLAC report “Economic
Survey of Latin America and the Caribbean 2013”, it is also estimated that GDP in Latin
America and the Caribbean in 2013 will be 3%, which is similar to 2012 [46].
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The Latin American and Caribbean region comprises four subregions [47]:

1)  The Andean subregion (Bolivia, Colombia, Ecuador, Peru and Venezuela): Covers
an area of 4.7 million km?, comprising 25% of the region, with 2.3 million km® of
forest, which is 35% of the region’s total;

2)  The Caribbean subregion (Anguilla, Antigua and Barbuda, Netherlands Antilles,
Bahamas, Barbados, Cayman Islands, Cuba, Dominica, Grenada, Guadeloupe, Haiti,
Jamaica, Martinique, Montserrat, Puerto Rico, Dominican Republic, Saint Vincent
and the Grenadines, Saint Martin, Saint Lucia, Saint Kitts and Nevis, Trinidad and
Tobago, Turks and Caicos, British Virgin Islands and United States Virgin Islands):
The islands are a wide variety of sizes from Anguilla at 91 km® to Cuba at
110 860 km®, and have a broad diversity of marine coastal habitats (coral reefs,
seagrass meadows, mangrove swamps, marshes and rocky coasts);

3) The Central American subregion (Belize, Costa Rica, El Salvador, Guatemala,
Honduras, Nicaragua and Panama) and Mexico has an area of 2.5 million km® and is
the bridge between North and South America. It has a broad biodiversity, extensive
mountain chains and mangrove swamps, and 8000 km of coast;

4)  The Southern Cone subregion (Argentina, Brazil, Chile, Paraguay and Uruguay):
has an area of 12.6 million km’, a highly varied topography and 6.2 million km* of
forest. It has the lowest population density in the region and the highest rate of
urbanization.

Latin America and the Caribbean have one third of the world’s renewable water resources,
which should ideally meet the demand of its population, which comprises 8—9% of the world
population. It has tropical and subtropical ecosystems producing a significant volume of
water; hence it has major river systems that are used for water supplies, electricity generation,
transport, recharging aquifers, and as a source of food resources via the products obtained
from these rivers and tributaries. The region has the largest pluvial system in the world, the
Amazon, with 7.5 million km® and which, together with other pluvial systems such as the
Parané-Plata and the Orinoco, carries more than 30% of the planet’s fresh water to the
Atlantic Ocean [48]. More than 70 hydrographic basins in the region are shared by two or
more countries, and 60% of the territory of South America is made up of transboundary
basins [4]. 96% of the fresh water is carried by rivers to the Atlantic Ocean and only 4% to
the Pacific Ocean.

Moreover, the region has a significant volume of groundwater resources, which are
intensively used by some countries. The Guarani aquifer deserves to be highlighted as one of
the largest bodies of groundwater in the world, 1200 km® in extent, with an average thickness
of 300 m and located in Argentina, Brazil, Paraguay and Uruguay.

Demand for water has increased as a result of demographic growth (particularly in urban
areas), expansion of industrial activity and demand for irrigation [4]. Water resources in Latin
America are also intensively used as a source of energy in hydroelectric and geothermal
power generation. Water as a source of electricity generation makes a very significant
contribution to national and regional development, and hydroelectric power in the region has
a potential amounting to 22% of world output; the region has the potential to produce
582 033 MW per year, but only 139 688 MW (approximately 24%) are being used [48,4,49].
Currently, hydropower sources produce between 64% and 70% (~153 000 MW) of the energy
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consumed [50]. Despite offering all the benefits associated with the generation of ‘clean’
energy and being available via regional and interregional interconnections, it also causes
environmental problems.

Argentina, Brazil, Paraguay, Uruguay and Venezuela have major hydraulic structures,
including the largest in the world, namely: the Itaipti hydroelectric power plant between
Paraguay and Brazil and the Guri hydroelectric power plant in Venezuela.

Since 2003, consumption of agrochemicals in the region has risen significantly by around
30%. In 2004, 14% of the world total was sold and, in 2005, 17% [51], and at least 5% growth
is anticipated over the coming years [52].

Countries of the region are facing a series of problems related to pesticide residues in food for
local consumption and export, though the latter tends to be given greater importance since, in
these cases, the hold-up of products in importing countries’ ports of entry causes losses in
exports and/or markets. Residues in products for local consumption can affect public health,
and in several countries, the percentage of samples containing levels exceeding the legal
limits has been found to be high [48, 53].

The excessive use of fertilizers, irrigation practices and the intensive use of natural resources
are causing changes in the soil, such as nitrification, salinization and depletion of nutrients,
with desertification, the most extreme manifestation of this, affecting about 30% of the
region’s total area [4].

Mining, even on a small scale, is an important source of soil and water contamination in the
region. Heavy metal contamination is a particular problem for Andean countries, where the
majority of mining sites are to be found; although no complete inventory of these sites exists,
examples include Bolivia (antimony, tin, gold), Brazil (mercury), Chile (arsenic, copper),
Ecuador (arsenic, cadmium zinc, copper, mercury), Mexico (arsenic, lead), Peru (arsenic,
cadmium, zinc, copper) and Uruguay (lead) [54].

Latin America and the Caribbean has more than 10% of the world’s oil reserves, accounts for
approximately 14% of production and only 8.3% of global consumption. Oil extraction has a
high environmental cost, ranging from the irreversible transformation of terrestrial and marine
ecosystems from which it is extracted to the serious effects of spills [55, 56]. These problems
are aggravated when economic conditions in the producer countries do not allow for the use
of'advanced technologies that are less risky and have less impact.

Urban and population growth and rural migration to cities have caused an explosive increase
in the urban population, and environmental management is one of the major threats. The
increase in energy consumption, energy generation, the lack of technology to control
emissions and transport are the main causes of air pollution in urban areas. Combustion
processes produce a complex mix of pollutants that include primary emissions (particulate
matter, lead) as well as those coming from atmospheric transformations (ozone, sulphates),
which cause an increase in air pollution, deterioration of air quality and health problems [4].
Rural areas are also exposed to emissions of anthropogenic and natural origin that are
produced locally as well as transported over a large distance.

The problems associated with air pollution in urban areas vary considerably and are
influenced by a number of factors. For example, vehicular combustion processes are less
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efficient at higher altitude, which has a significant influence on the problems of atmospheric
pollution in many cities of the region, such as Arequipa, Bogota, Mexico City and Quito [4].

The serious consequences of the exposure to high levels of air pollution were demonstrated in
the middle of the twentieth century when various cities in Europe and America experienced
serious episodes of contamination. This led to the development of legislation on air pollution
and action to reduce it in many regions.

In Latin America, air pollution causes 2.3 million cases of chronic respiratory disease in
children and 100 000 cases of chronic bronchitis in adults every year [49]. Furthermore,
35 000 deaths every year are attributed to air pollution; however, according to a 2005 report
by the Pan American Centre for Sanitary Engineering and Environmental Sciences (CEPIS),
the actual figure may be much higher, which is a public health concern [4].

The World Health Organization [49] also highlights the importance of pollution in enclosed
spaces, in connection with the use of traditional fuels (cooking, heating), which emit
breathable particles, carbon monoxide, and oxides of sulphur, nitrogen and benzene. Between
50% and 75% of the population in certain parts of Latin America are still using solid fuels for
cooking, and their exposure may be much higher than the ambient (outside) level for highly
polluted cities.

Many cities in Latin America have a high population density, a large number of vehicles and
heavy industry. These latter two emit — among other pollutants — high levels of particulate
matter that cause a deterioration in air quality, respiratory problems, an impairment of quality
of life, and affect the economy through absence from work and lower productivity. In addition
to the increase in the number of cars, consideration should be given to other factors that
influence emissions, such as the age of vehicles, inadequate maintenance, the lack of
technology to control emissions and the type and quality of fuel.

There are other activities apart from transport that contribute to atmospheric pollution. The
main ones include electricity generation, production of goods and services, food preparation,
water treatment, use of various consumer products and the management and distribution of
fuel.

In general, throughout the region, the management of solid and liquid urban and industrial
waste is of poor quality. The amount of rubbish generated per person has increased. In Latin
America, some 424 thousand tons of rubbish is produced every day, less than 35% of which is
taken to sanitary landfills [55]. The majority of the waste is deposited in open rubbish dumps
or partially controlled landfills, with no protection for the environment or prior treatment [56].
Solid municipal waste is made up of organic material, recyclable waste, dangerous household
material, medical and industrial waste and construction debris. The effects can be seen on the
health of the population, through the tendency towards certain diseases, contamination of
soils, water, air and flora and fauna, and disasters, such as flooding [56]. There is very little,
or no, information regarding the presence of pollutants, such as hormones, antibiotics, natural
radioactive emissions and additives; their effect on the population and the environment is not
evaluated.

The main causes of soil degradation are indiscriminate logging, overgrazing, expansion of
agricultural areas and fires. Deforestation is one of the factors with the greatest impact on the
erosion of land and one of the greatest challenges for the region. The region has 40% of the

47



plant and animal species in the world, and is believed to have the greatest diversity of flora in
the world; however, habitat destruction is causing many species to become extinct [57].

Between 2000 and 2005, the annual rate of loss of vegetation was 0.50%, almost three times
more than the annual global rate of 0.18% [54,57]. This rapid loss of tropical forests threatens
biodiversity.

The Latin America coastal zone is 64 000 km long and covers an area of 16 million km®. For
many countries, such as the island nations of the Caribbean, Costa Rica and Panama, this
territory accounts for more than 50% of the total area under the national jurisdiction. Intensive
fishing and commercial overexploitation of valuable species are endangering production
systems in the Central Caribbean.

The tons of nutrients spilled on the coasts are associated with the development of red tides,
also known as harmful algal blooms (HAB). One of the most significant manifestations of
HAB is the production of toxins by certain species of algae, which may build up in seafood
products and constitute a health risk for consumers. The effects in humans range from passing
discomfort to long-term debilitating diseases and even death from poisoning syndromes.

Harmful algal blooms have a wide range of negative economic impacts that include: the cost
of routine programmes to monitor shellfish and other resources affected; temporary or
permanent stoppage of the harvesting of fish and shellfish; reduction in sales of sea food;
death of wild and farmed fish, shellfish, submerged aquatic vegetation and coral reefs; the
effect on tourism and associated business, and the need to provide medical treatment to the
exposed population. The expansion of HAB over recent decades has been significant, and
the losses incurred by the extensive shellfish, fish or mariculture industries often exceed
5-10 million dollars per event.

The quantity of CO; produced from human activity and emitted to the atmosphere has been
increasing gradually since the beginning of the industrial revolution in the 19th century, and
has accelerated rapidly in recent decades. The concentration of this gas in the atmosphere has
increased from ~ 270 ppm in the second half of the 19th century to 316 ppm in 1958 and
reached 400 ppm in 2013. The consequence of the rapid increase in this greenhouse gas is a
change in temperature and significant climatic disturbances. The most direct and important
impacts include the increase in sea temperature, the rise in sea level and ocean acidification.
This last effect is due to the increase in CO; captured in the oceans and the resulting decrease
in pH. Although the global impact of these changes has yet to be evaluated, it is known that
coral reefs have great biodiversity and are highly sensitive to these changes. The deterioration
in coastal zones and reefs also has an impact on tourist activities in the region. In addition to
coral, molluscs and other edible species are highly sensitive to the change in ocean acidity,
which might have an impact on marine resources.

The cryosphere in Latin America, which comprises the high Andean glaciers and three areas
of ice in southern South America, may be seriously affected by global warming [50]. The
retreat of glaciers and the decrease in water availability is currently one of the major concerns
for Andean countries, where 95% of the world’s tropical glaciers are found [4]. These
countries provide 10% of the planet’s water, which comes mainly from high-Andean and
glacial systems [4].

There are a large number of wetlands in continental or coastal environments in the region that
depend on groundwater, surface water and/or precipitation. The wetlands provide services,
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including water supply, production of food resources and raw materials, hydrological
regulation and water purification. The main factors that induce change in the services
provided by wetlands are water extraction, organic farming, changes in land use, pollution
and climate change.

5.3. SWOT ANALYSIS

5.3.1. STRENGTHS

(M

)

3)

4

6))

Existence of regional reference centres for the management of some environmental
aspects (for example, water, pests, dangerous waste) that promote synergy in
different areas, providing logistical technical support for the transfer of technology
through horizontal cooperation among countries of the region, promoting access to
database information, and also acting as training centres.

Existence of international conventions and protocols on environment issues, to
which countries in the region are party, including the Basel Convention, the
Stockholm Convention, the Regional Seas Programme and the Environment
Ministers Forum, among others.

Existence of laboratories with equipment and trained personnel for the
quantification of radiotracers and pollutants in environmental samples. There are
laboratories that use environmental and activation radiotracer techniques, nuclear
analytical techniques such as alpha and gamma spectrometry, liquid scintillation,
NAA, IRMS, ICP-MS and non-nuclear analytical techniques, such as XRF and
PIXE/RBS. There are laboratories with quality control systems in place, which is
essential for the mutual recognition of analytical results achieved, and some of these
laboratories have ISO/IEC 17025 accreditation.

Some countries of the region have experience of and standardized protocols for the
application of nuclear techniques in certain environmental areas, as well as a history
of collaboration between groups carrying out research on environmental issues and
nuclear techniques.

Complementarity of the techniques. The availability of various complementary
nuclear and non-nuclear techniques enables environmental issues to be tackled in a
comprehensive manner, facilitating more complete characterization of the samples
for analysis.

5.3.2. WEAKNESSES

(M

)

Lack of continuity in policies applied and in efforts made, especially from the
government sector. Compared with social problems such as hunger, lack of potable
water or communicable diseases, environmental issues tend to be regarded as
secondary, even though, in many cases, they contribute to the existence of these
problems. In addition, there are shortcomings in: networks for long-term
monitoring, harmonized legislation and policies, political will as well as intra- and
interregional control structures.

Lack of interaction between environmental protection institutions and those that
could provide support for studies using nuclear applications. The relationship
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3)

Q)

6))

(6)

(7)

®)

between the institutional sector and scientific institutions is very limited, leading to
insufficient knowledge of the potential and advantages of nuclear techniques. For
improved diagnosis and monitoring of environmental issues and mitigation
strategies, better communication is needed between the scientific sectors.

Lack of knowledge of environmental problems in the region. There is scant
scientific information that could serve as a basis for understanding the
environmental problems affecting the region and their impacts. Many efforts tend to
address the symptoms of the problems rather than identifying their causes and ways
of mitigating the effects.

Lack of or failure to comply with environmental quality standards. There is a lack of
data to substantiate the need to monitor pollution problems and to establish proper
environmental quality standards. Even where these do exist, no great effort is made
ensure compliance with them.

Little interaction between agencies of the United Nations system and/or regional
entities on topics related to environmental protection.

Limited promotion of the scope for use of nuclear techniques. The characteristics of
nuclear techniques make them an ideal, and often the only, tool to support
environmental monitoring and toxicology studies, but their potential is often
restricted to the academic field; there is therefore a need to raise awareness among
the general public and government departments responsible for environmental
management.

Insufficient personnel trained in the application of nuclear techniques in
environmental areas. Although the region has existing capacity in the area of nuclear
techniques, in many cases it is insufficient to cope with the magnitude of the task, or
the staff need specific training in the application of the technique to environmental
studies.

Disparity in the use of techniques, as well as in the quality of analytical results
generated within the region.

5.3.3. THREATS
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(M

)

3)

4

Lack of commitment on the part of governments and institutions to the sustainability
of environmental projects. In order to solve environmental problems, long-term
efforts are needed, which are not dependent on any political changes that could
affect the region.

Negative social perception and lack of understanding of nuclear techniques. The
peaceful uses of atomic energy and applications of nuclear techniques should be
better publicized not only among the public but also in government circles.

Lack of stability in terms of qualified staff. Efforts should be made to ensure that
qualified staff stay in their fields of work.

Inadequate budgetary provision for the effective maintenance and ongoing
modernization of the equipment of the facilities and/or laboratories.



5.3.4. OPPORTUNITIES

(1) Existence of programmes of United Nations agencies and international institutions
interested in environmental issues.

(2) Identification of critical problems that affect the environmental situation in the
region.
3) Increasing demand from the population to resolve various environmental issues

common to all the countries in the area: this awareness, together with the capacity
available, make this the right time to promote the adoption/consolidation of
comprehensive environmental management plans, control emissions of pollutants
and ensure the appropriate characterization of different environmental
compartments.

(4) Nuclear techniques are part of the array of techniques demanded by the
institutions responsible for environmental management.

These techniques are used in the following activity groups linked to
environmental issues:

Diagnosis and basic studies of the environmental situation in the
region;

National, regional and global programmes and monitoring networks;
Remediation of environmental problems.
5.4. NEEDS/PROBLEMS

This section presents the results of the analysis undertaken on the basis of the SWOT analysis,
with identification of the needs/problems in the sector, their justification, objective and
indicator.

The needs/problems are given as a function of the TOTAL GRADE of priority, in accordance
with the prioritization table under section V (Prioritization of needs/problems).

M1.Inadequate management of the region’s water resources

Justification: Latin America and the Caribbean has one third of the world’s renewable water
resources, which should, ideally, meet the demand of 9% of the world population. However,
availability varies greatly in the region, leading in some cases to a marked water deficit.

The intensive exploitation of water resources causes problems, such as: falling water tables,
pollution and loss of biodiversity.

Objective: To achieve the comprehensive management of water resources in the region, to
ensure their availability and maintain their quality.

Indicator: The number of water management plans developed and implemented.
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MZ2. Insufficient evaluation of the impact of pollution from pesticides, persistent
organic compounds, heavy metals and other pollutants of anthropogenic and
natural origin in water and soil

Justification: A significant proportion of the region’s soils are polluted with heavy metals
and various polluting compounds are present in water, soils, flora and fauna. Moreover, only
5% of the region’s urban and industrial waste water receives any type of treatment and only
35% of solid waste is managed using sanitary landfills, causing pollution of soils and water
sources and affecting human and animal health.

17% of the world total of pesticides and over 10% of the world total of fertilizers in the world
are sold in the region. Countries in the region are faced with problems related to pesticides in
food for local consumption and export, exceeding the legal limits in many cases. There is not
enough information and/or analytical capacity to determine the pollutants and their impact on
human health, flora and fauna.

Objective: To help to improve the evaluation of the impact of pollutants in soil and water,
generating information about levels, type, distribution and dispersion of pollutants.

Indicator: The number of diagnostic reports on pollutants in soil and water using nuclear
techniques as inputs for drawing up legislation.

M3. Limited knowledge of the main processes affecting coastal areas with the
resulting negative impact on habitat.

Justification: Overexploitation of marine resources, increased marine aquaculture, increased
harmful algal bloom, changes linked to climate change (ocean acidification and rising sea
level), transport of pollutants in water bodies and altered nutrient cycles, increase in tourism
and maritime transport, and beach and coastal erosion are causing a loss of biodiversity and
habitat as well as a significant deterioration in the coastal area of the region, undermining the
development of countries in the area.

Objective: To develop comprehensive information, including through the use of nuclear
techniques that facilitate the sustainable management of coastal resources and preserve the

coasts.

Indicator: The number of countries that generate comprehensive information of use for the
management of coastal areas.

M4. High degree of atmospheric pollution due to trace elements.

Justification: 75% of the region’s population lives in cities. The majority of these have
serious atmospheric pollution problems. Rural areas are also exposed to anthropogenic and
natural emissions. In all cases, the sources of the emissions may be local, regional or
transboundary. High levels of particulate matter in the air have been associated with different
ailments, and constitute a risk to human health. Chemical characterization not only provides
information on the concentration of various elements in the atmospheric particulate matter,
but also identifies the sources.
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Objective: To help to improve the management of air quality using nuclear analytical
techniques (NAT) for the chemical characterization of particulate matter in monitoring
studies.

Indicator: The number of cities with studies of the chemical characterization of particulate
matter in the atmosphere, in particular using NAT.

MS5. Inadequate risk assessment of the environmental and social impact of hydraulic
structures.

Justification: Hydroelectric power in the region accounts for 22% of world output, producing
between 64% and 70% of the energy consumed. Large hydraulic structures have a major
impact on the environment and make the downstream populations highly vulnerable. For
example, changes in the flow regime of the rivers, rising water table levels and the possibility
of flooding. Inadequate assessment of the hydrological and hydrogeological risk in hydraulic
structures and the lack of systematic monitoring of sedimentation in the region’s artificial
water bodies justify the characterization of the interrelation of surface water and groundwater
in order to evaluate these effects in a systematic manner and to ensure better levels of
structural and functional safety in hydraulic structures.

Objective: To improve dam surveillance programmes through the incorporation of nuclear
techniques in the routine activities of the operators.

Indicator: The percentage of dams in each country that have incorporated nuclear techniques
in their routine monitoring programmes.

5.5. PRIORITIZATION OF THE NEEDS/PROBLEMS

The prioritization of the needs/problems in the sector is shown in Table 3.
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6. ENERGY
6.1. BACKGROUND
In carrying out this work, the energy group divided the sector into two subsectors:
Nuclear energy
Research reactors.

In developing the RSP for 2016-2021, the following were taken into account: the RSP for
2007-2013, the results obtained in the projects implemented since the 2009-2011 cycle, and
the results expected in the projects proposed up to 2013.

Those elements and factors in each subsector which constitute part of a platform for the
undertaking of new growth and progress initiatives were identified as strengths. Aspects
related to qualitative and quantitative shortcomings from which each subsector currently
suffers were identified as weaknesses. Those current or foreseeable conditions which could be
made use of either because they harmonize with growth and progress prospects or because
they trigger such prospects were identified as opportunities. Conditions which could impede
or retard such growth and progress prospects were identified as threats.

6.2. ANALYSIS OF THE REGIONAL SITUATION
a. Summary of the current situation with regard to nuclear energy in the region

The region of Latin America and the Caribbean region comprises 45 countries in an area
covering 20.4 million km®. The population was a little over 590 million as of 2010 and is
growing at a rate of 1.1% per year. In 2010, the gross domestic product of the region was
US $3262 thousand million at 2005 prices. The annual per capita income (2010) was
US $5583 (at 2005 prices). The life expectancy at birth is 74 years. The literacy rate among
the population of 15 and above was 91.4% in 2010 [58].

Primary energy demand in 2010 was 586 million tonnes of oil equivalent (toe), and it is
estimated that this figure will increase by 26% by 2020 and 46% by 2030 [59].

Known oil reserves in the region have risen to around 247 491 million barrels (bbl), which is
18% of global reserves. The main oil producers are Brazil, Mexico and Venezuela. Oil
production in the region exceeded 3500 million barrels in 2009, which is 12% of world
production. Latin America and the Caribbean have 8% of the world’s refining capacity [60].

With regard to natural gas, the region has 8591 Gm® of known reserves, which is 4% of global
reserves. Argentina, Brazil, Mexico, Trinidad and Tobago and Venezuela have traditionally
been the region’s main gas producers. In 2009, 262 Gm® of this fuel was produced, which is
9% of world production [60].

The region has 42 427 million tonnes of known carbon reserves, which is 5% of global
reserves. In 2009, production was 97 million tonnes (1% of global production), with
Colombia the largest producer in the region [60].

Electricity generation capacity in the region rose to 292.7 GW in 2009. 51% of this comes
from hydroelectric plants, 46% from thermal power plants, 2% from nuclear power and 1%
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from renewables [60]. In 2009, consumption of electricity in Latin America and the Caribbean
was 1276 TW-h, which was 6% of global consumption [61]. With regard to CO, emissions,
total global greenhouse gas emissions in 2007 were 28 962 Mt CO,. In Latin America and the
Caribbean, the per capita emissions were 2.63 tonnes CO/hab. Even though the values of
CO; emissions per inhabitant are lower in Latin America and the Caribbean than in
industrialized countries, the average annual growth rate is 2.6% [60].

It is estimated [59] that gross electricity generation capacity additions between 2012 and 2035
in Latin America and the Caribbean will reach 269 GW, a figure similar to installed capacity
in 2009. It is estimated that 97 GW of these additions will come from hydroelectric plants,
78 GW from gas, 25 GW from wind, 21 GW from solar photovoltaics (PV), 16 GW from
bioenergy, 7 GW from nuclear, 3 GW from concentrated solar power plants and 2 GW from
geothermal plants.

It is estimated that, in a scenario where current policies are maintained, electricity
consumption in the region will grow on average by 2.7% [59].

It is forecast that the region’s population will rise to around 720 million by 2030, which poses
an enormous challenge in terms of the establishment of the necessary conditions to meet the
welfare requirements of such a population size.

Total primary energy consumption would rise to 1483.23 Mtoe in 2030. Accordingly,
electricity consumption would rise to 2621 TW-h, which would be double the current level or
more. As regards CO; emissions, scenarios predict figures of 2680 Mt CO,.

The IAEA estimates that installed capacity will increase from 344 GW in 2012, to 1000 GW
in 2030 in a low-growth scenario and to 1359 GW in 2030 in a high-growth scenario, which
confirms the need to expand current capacity by between 66% and 75% over the next 18 years

[62].

Latin America has over 25 years’ experience in the generation of electricity. Installed nuclear
capacity rose to 4.3 GW in 2012 [62], distributed among six units in three countries.
Electricity generation from nuclear means increased in these countries in 2010 to 26.2 TW-h.
In Argentina, the share of nuclear power is the highest, contributing 4.7% of electricity
generated [63]. In Mexico, the share of nuclear power is 3.9% [64] and in Brazil 3.1% [65].
Two new reactors with a capacity of 1937 MW are under construction in the region.

Despite the negative impact of the Fukushima accident on investment in the nuclear field,
signs of a beginning in the development of plans for nuclear plant projects are appearing. In
the region, countries with nuclear plants are expanding their nuclear generation capacities or
are planning to do so.

Some countries that decided not to include the nuclear option in their energy matrices because
of the Fukushima accident may review their position between 2016 and 2021.

The decisions taken in connection with the United Nations Framework Convention on
Climate Change (UNFCCC), derived from the new climate regime to be adopted in 2015 for
implementation from 2020, should strengthen the commitments of all countries through
mitigation and reduction of greenhouse gases (GHG).
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The nuclear power reactors in the region are coming to the end of their planned lifetime and
an analysis and evaluation of a lifetime extension should therefore be undertaken.

These factors highlight the need for a comprehensive evaluation of the nuclear option within
energy systems with a view to identifying the role it could play in the development of Latin
America and the Caribbean.

b. Summary of the current situation concerning research reactors in the region

Research reactors are simpler than reactors for electricity generation and operate at lower
pressures and temperatures. They consist of a core made up of fuel elements with uranium
(***U) enriched up to 20%. The only reactor in the region to still use 90% uranium enriched is
at an advanced stage of conversion to low enriched uranium (see Table 4).

The range of applications these reactors can be used for depends on the power level or
neutron flux. In general terms, reactors under 250 kW may be categorized as low power and
those over 2 MW as high power.

Seven countries in the Latin American and Caribbean region have experimental nuclear
reactors of various types and power levels, as shown in Table 4.

60



Table 4. Research reactors in the region

Country Reactor Type Power Enrichment Regime Owner
kW % h/month
RA-0 Pool 0.001 19.8 16 University of Cordoba
National Atomic
Not Energy Commission
RA-1 Pool 40 19.8 available | (CNEA), Buenos Aires
CNEA, Ezeiza Buenos
RA-3 Pool 10 000 19.7 266 Aires
Argentina RA-4 Pool 0.001 19.8 16 University of Rosario
CNEA, San Carlos de
RA-6 Pool 500 19.75 180 Bariloche
CNEA, Pilcaniyeu, Rio
RA-8 Pool 0.01-0.1 1.8-4.3 0 Negro
Nuclear Engineering
Institute (IEN) —
National Nuclear
Not Energy Commission
ARGONAUT Pool 0.5-5 19.9 available | (CNEN), Rio de Janeiro
Nuclear and Energy
Research Institute
(IPEN-CNEN), Sao
1EA-RI Pool 2000-5000 19.9 256 Paulo
Not
MB-01 Pool 0.1 4.3 available | IPEN-CNEN, Sao Paulo
Nuclear Technology
BRAZIL Development Centre
Not (CDTN)-CNEN, Belo
IPR-RI Pool 250 Triga 19.9 available | Horizonte
Chilean Nuclear Energy
Commission (CCHEN)-
CHILE RECH-1 Pool 5000 19.75 96 La Reina-Santiago
10 000 CCHEN-Lo Aguirre-
RECH-2 Pool 15 000 19.75 0 Santiago
Colombian Institute of
Geology and Mining
COLOMBIA IAN-RI Pool 100 Triga 19.9 0 (INGEOMINAYS),
Bogota
90
(in the Not International Centre for
JAMAICA SLOWPOKE Pool 20 process of available | Environmental and
conversion to Nuclear Sciences
LEU) (ICENS), Kingston
National Nuclear
Research Institute
MEXICO TRIGA Pool 1000-2000 Triga 19.9 60 (ININ), Mexico City
Peruvian Institute of
Nuclear Energy (IPEN)-
RP 0 Pool 0.001 19.75 96 Headquarters, Lima
PERU
RP 10 Pool 10 000 19.75 30 IPEN-Huarangal, Lima
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The purpose of these reactors is to provide neutron sources for research, experimentation,
training of human resources, education at the undergraduate and postgraduate levels and
radioisotope production.

For more than 60 years, experimental reactors have been centres of production and innovation
for nuclear science and technology [66,67]. The reactors have assisted multidisciplinary
research covering new developments in the production of radioisotopes for medical and
industrial use, research involving neutron beams, human medicine, development of materials,
testing and qualification of components and computer code validation, etc.

There have been various cooperation projects and activities involving reactors in different
countries in the fields of reactor physics, radioisotope production, training courses, and
commissioning of reactors. These initiatives have been implemented as regional and national
projects with the support of the IAEA — as well as in a bilateral format. A couple of projects
have also been implemented within the framework of ARCAL.

At the bilateral level, the collaboration between Argentina and Peru on the design and
construction of the RP 0 and RP 10 reactors stands out.

In the field of development and fabrication of fuel, there has been collaboration among
Argentina, Brazil and Chile.

With regard to the design and construction of experimental and production reactors, several
reactors have been designed and constructed in Argentina (RA-3, RA-6 and RA-8), and
reactors have also been exported to Peru (RP-10, 10 MW, 1988), Algeria, (NUR, 1MW,
1989), Egypt (ETR-2, 22MW, 1997) and Australia (OPAL, 20 MW, 2006).

The construction of two new reactors in Argentina and Brazil is planned.

The region’s reactors are converting to low-enriched fuel and some of them have had power
increases and/or upgraded their instrumentation and control systems.

Within the framework of the IAEA, from 2001 to date, several meetings have been held to
promote, make closer and broaden regional cooperation on reactor utilization, safety and fuel.

Human resources development, which includes activities such as outreach, education, training
and coaching, can be conducted at any of the region’s reactors.

In the field of operation, maintenance and radiation protection of these reactors, regional
mutual cooperation could be achieved in order to improve standard practice and provide
mutual assistance in these tasks.

As regards documentation and quality assurance, joint cooperation in implementing the
modifications to safety guides at the reactors would be advisable.

In the field of instrumentation and control, most of the instrumentation for research reactors is
obsolete and there is a lack of components on the market. The possibility exists to develop
and manufacture parts using experience acquired in the region, where Argentina, Brazil,
Chile, Colombia, Mexico and Peru have formed a reliable instrumentation and control group.

There is capacity in the region as regards neutron physics calculation tools and experimental
techniques in connection with design optimization and use of experimental reactors, for
62



problems such as: core management, design and characterization of irradiation devices and
experimental configurations, shielding, dosimetry, configuration of irradiation beams; design
and characterization of irradiation facilities (BNCT, NR, PGNAA); critical combination as
regards the arrangement of irradiated fuel elements, management of reactor lifecycle;
calculation validation tools.

The results of the project RLA/0/037 and ARCAL Project CXIX [68] show that one of the
main uses of research reactors is for the production of radioisotopes. The radioisotopes
produced in nuclear reactors are, in order of volume in the region, Mo, followed by B,
921, 770, 9°Sm, °°Y, T and **P. Regional demand for radioisotopes produced in nuclear
reactors was estimated to be US $21.6 million in 2012, with fission-produced *’Mo having the
greatest relative importance, accounting for 77% of the total followed by "*'I accounting for
13% and '*Ir accounting for 6%.

Regional demand is estimated to exceed US$ 28 million in 2017, with a 7% increase in
fission-produced *’Mo for generator production according to trends observed between 2010
and 2012. It is anticipated that consumption of the rest of the radioisotopes would remain
stable up to 2017.

Regional production supplies 52% of the demand for fission-produced *’Mo, 37% for "*'T and
23% for '*’Ir. This production generates approximately US $10.3 million, or 48%, of the
value of regional demand [68].

In the years to come, Canada, which is one of the major suppliers of fission-produced
molybdenum to the region, is planning to shut down the nuclear reactor that produces the
radioisotopes. However, during the period of the RSP for 20162021, it is expected that two
reactors will come online in countries of the region, which will cover the shortage in the
region.

6.3. SWOT ANALYSIS

A strategic analysis of the region’s profile is given below in the form of a summarized list of
the strengths, weaknesses, opportunities and threats identified in the sector.

6.3.1. STRENGTHS

(1) The existence of uranium resources, technological and professional capacities in
certain nuclear reactor technologies and in the nuclear fuel cycle.

(2) Operating experience in certain types of nuclear power plant which could be shared.
(3) Existence of training centres for specialists in the nuclear field.

(4) Development of energy technologies, in particular concerning innovative nuclear
reactors and the fuel cycle (CAREM, nuclear fuel fabrication).

(5) Existence of a high level of electrification and joint construction projects in the
region.

(6) Joint collaboration between institutions with research reactors.
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(7)

®)

€))

There are 13 research reactors in 7 countries of the region, some of which have the
capacity to produce radioisotopes and to be extended to other applications.

High design, construction, operation and maintenance capacity for research reactors
and design and fabrication of fuel.

Existence of targeted knowledge in energy planning groups in the region for the
implementation of comprehensive studies of sustainable energy development.

6.3.2. WEAKNESSES

(M

)

3)
Q)]
6))

(6)
(7)
®)
€))

(10)

(1D
(12)

(13)

(14)

Limited knowledge in the majority of countries of the region about the potential of
their uranium resources.

Disparities in energy, social and economic development indices among countries of
the region, which hampers integration.

Large land area and existence of geographical barriers, which hampers integration.
Weak statistical database structures and analytical tools for energy planning.

Insufficient public education and information on the uses, benefits and risks of
nuclear energy, to promote favourable public opinion.

Financial limitations as regards large investments.
Insufficient budget for management and maintenance of research reactors.
Research reactors, which require modernization.

Lack of knowledge at the social level and, in many cases, among potential users, of
the uses of research reactors.

Insufficient incentives to attract and maintain the highly qualified human resources
required in research reactors.

Underutilization of research reactors.

Absence of integrated appropriate long-term energy studies in some countries of the
region.

Different levels of knowledge regarding development of a nuclear power
programme.

Reactors in the region are coming to the end of their operating lifetime.

6.3.3. THREATS
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Unfavourable public opinion owing to a negative perception of the risks associated
with the use of nuclear energy.

Difficulty in resolving the issue of waste disposal in the region in the long term.



3)

4

Competence of international commercial enterprises providing radioisotopes (RI)
and radiopharmaceuticals (RF).

Restrictions on and resistance to transport of radioactive material.

6.3.4. OPPORTUNITIES

(M

)

3)

4

6))

(6)

(7)

®)

€))

Growing demand for electricity, which has led to the activation of nuclear power
programmes in various countries (Argentina, Brazil, Chile and Mexico).

Existence for the region of international cooperation entities and organizations:
IAEA, OLADE, CIEMAT, ECLAC, CIER, etc.

Increase in fossil fuel prices and high CO, emissions work in favour of the
nuclear option.

Reactivation of nuclear programmes (Argentina, Brazil), which opens up

possibilities for the training and development of human resources in the nuclear
field.

Demand exists in the region for RI and RF, which could be met to a large extent
by the region’s research reactors.

The possibility for countries that do not have research reactors to use and benefit
from them. There is potential demand from interested parties in the State and
private sectors for advanced services and technologies that could be met by
research reactors.

The trend towards diversification of the energy matrix with a view to improving
security of the energy supply.

The political strategy of countries to implement programmes for electricity for
all.

Existence of guidance and documentation to direct a country towards analysis
and implementation of a nuclear programme.

6.4. NEEDS/PROBLEMS

This section presents the results of the analysis undertaken on the basis of the SWOT analysis,
with the identification and justification of the needs/problems of the sector.

The needs/problems are given as a function of the TOTAL GRADE of priority, in accordance
with the prioritization table under section V (Prioritization of needs/problems).

E1. To improve education and availability of objective and extensive information on

nuclear energy.

Justification: The nuclear option as an energy alternative is being discredited owing to the
arguments of lack of safety, uncontrolled emissions of harmful radiation, or the dangers of
long-lived radioactive waste.
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It is therefore necessary to conduct honest, transparent and objective information programmes
with goals differentiated by sector, that are gradually introduced to the public to increase
understanding of nuclear energy on the basis of an objective and timely analysis.

The inclusion of information on requirements for the development of a nuclear power
programme aimed at sectors involved in analysis, decision-making and implementation is
very important.

Objective: To foster a better understanding among the public on the use, benefits and
complexities of a nuclear power programme.

In this objective for this period, priority will be given to the target audience: decision-makers.
This is the sector that will decide whether or not to undertake an analysis of the nuclear option
in the energy mix of the countries in the region.

Indicator: The number of countries that have carried out training activities

E2. Absence of integrated long-term compehensive studies of energy development in
most of the region.

Justification: According to studies undertaken by international organizations, the forecast
growth in energy demand in Latin America is estimated to range from 2.8% and 5.0% per
year. However, the studies were not undertaken by countries of the region, which introduces a
certain degree of uncertainty.

For this reason, more detailed studies are needed using comprehensive models to analyse
energy supply and demand to develop national, subregional and regional scenarios based on
assumptions concerning existing energy resources, fuel prices, economic growth, population
growth, structure of the energy system and environmental impact. In particular, efforts should
be made to determine the role that nuclear energy could play in the development strategies of
countries of the region.

Many countries of the region lack statistical data and mechanisms for collection, limiting their
capacity for studies on energy planning that allow for better definition and understanding of
possible present and future scenarios.

Strengthening of analytical capacity involves:

Expanding and improving analytical tools and databases relating to energy and
the environment;

Incorporating sustainable development energy indicators for the evaluation of
statistical energy data;

Developing possible energy supply and demand scenarios for the medium and
long term;

Elaborating national energy profiles for sustainable development;

Elaborating an integrated energy profile for Latin America within the framework
of sustainable development.
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Objective: To develop national and/or regional energy plans for sustainable development.

This objective involves strengthening analytical capacity, including through: expanding and
improving analytical tools, statistical programmes and databases relating to energy and the
environment; incorporating sustainable development energy indicators for evaluation of
statistical energy data; developing possible energy supply and demand scenarios for the
medium and long term; elaborating national energy profiles for sustainable development;
elaborating an integrated energy profile for Latin America within a framework of sustainable
development.

The result of this would be more detailed studies that use integrated models to analyse energy
supply and demand in order to develop national, subregional and regional scenarios based on
assumptions concerning existing energy resources, fuel prices, economic growth, population
growth, structure of the energy system and environmental impact. In particular, efforts should
be made to determine the role that nuclear energy could play in development strategies of
countries of the region.

Indicator: The number of countries that develop integrated long-term energy plans.

E3. To improve knowledge of the region’s uranium potential.

Justification: Political decisions on the stages of the fuel cycle are a necessary part of the
nuclear power option. In particular, it is planned to increase the number of nuclear power
reactors in the region, and fuel consumption in the future will therefore increase. Capacities
for nuclear fuel fabrication and design exist in the region.

One element that affects the achievement of an assured supply of fuel is the need to ascertain
the uranium potential in the region, not only in the countries with nuclear plants. The baseline
for uranium evaluation in the region has not been established. Knowledge of this potential is
important from the moment the possibility of using the nuclear option is considered and
analysed.

Objective: To obtain information on the region’s uranium potential from the baseline to the
evaluation of regional resources.

In view of the anticipated growth in the use of nuclear energy, it is necessary to have
knowledge of the uranium potential across the whole region. Efforts to support projects to
ascertain potential that has already been studied, determine current status and to support
planned studies to deepen this knowledge are important to achieve this objective.

Indicator: The number of countries with an evaluation of uranium resources.

E4. Absence of an established network for the exchange of information and
coordination of strategies, from research reactor operators to the radioisotope
end user.

Justification: Most of the region’s research reactors have been in operation for many years
and require some degree of modernization. Furthermore, many are underutilized, even though
the demand for RI exists.
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Efforts have been made in the region to exchange experience among different actors involved
in the safe operation of research reactors and their use for the production of radioisotopes as
well as research. The balance of needs in terms of production of radioisotopes and
radiopharmaceuticals has also been determined. However, the required and effective
exchange of information between all the actors involved has not been achieved.

The establishment of a network facilitating the exchange of information and coordination of
strategies from research reactor operators to the radioisotope end user would help to increase
the implementation of strategic plans for reactor utilization. This assumes greater importance
in the light of the plans for two new reactors that are due to begin operation during the period
of the RSP for 2006-2021.

Objective: To establish a network that will help to increase research reactor users in the
region.

In order to achieve this objective, efforts should be made to establish a network facilitating
the exchange of information and coordination of strategies from research reactor operators to
the radioisotope end user, which would increase the implementation of strategic plans for
reactor utilization. This assumes greater importance in the light of the plans for two new
reactors that are due to begin operation during the period of the RSP for 2006-2021.

Indicator: The number of countries participating in the network.

ES. Lack of experience in the region in processes to extend the operating lifetime of
nuclear power plants.

Justification: The majority of the reactors in the region are coming to the end of their
operating lifetime, and the political will for extension has been expressed. The region does not
have practical experience in these processes, and this is why it is important to acquire the
necessary experience and ensure that it is shared among teams from the countries requiring it.

Objective: To acquire experience in processes to extend the operating lifetime of nuclear
power plants.

In the period under consideration, the exchange of experience among personnel responsible
for extending the lifetime of the reactors, and support for these processes from experience
accumulated at the IAEA constitute the essence of this objective.

Indicator: The percentage of key personnel with training in lifetime extension processes.

E6. Shortage of highly qualified staff to manage and operate research reactors.

Justification: Highly qualified personnel work at the region’s experimental reactors.
However, these human resources need to be renewed to ensure preservation of knowledge as a
new generation takes over operations. Training of human resources for experimental reactors
takes at least three years.

There are plans to build two new nuclear reactors. The growing demand for RI and RF could,
to a large extent, be met by the region itself.

Objective: To provide the research reactors in the region with highly qualified staff.
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Support, from a perspective of regional cooperation, for clearly identified national plans to
ensure that research reactors have qualified staff, will make an important contribution to
achievement of the objective identified.

Indicator: The percentage of research reactors where all staff are trained.
6.5. PRIORITIZATION OF THE NEEDS/PROBLEMS

The prioritization of the needs/problems in the sector is shown in Table 5.

69



Auew Jo sa139)81S
JO uorRUIPIO0d
oy saxmnbax

Jo uoneordde
o) SUIuIOOUOD
sowwes3od 10§

9sn ey} SOLIUNOD
pue S10J0Ba1
[eyuowrodxa

03 310Us
oy} ur paxmbar
St wayqoad siy

pue sadojosiorpelr
Jo suo) ut
SpPaau S, UOI391 o]}

pue UolBULIOJUI
Jo o3ueyox2 a1
10J JJOMIOU PAYSI[qeISd

J1 ‘98eI0AY 20URAQ[A1 Y314 JO M SOLIIUNOD) ojuonnjos y | 100w 03 jueprodu] ue JO 90Udsqy ya
0°7T 0°¢ Sl Syl Y 0y 0°¢ 0¢
“u1o)
"uo1391 8uo71 0 wnrpaw
‘paamboar ‘uo1391 oY} JO SALIUNOD ‘w19 Suo| oy ur A1ddns ong
QI S9OIN0SAT oy w sowwer3oxd | Auew ur poaoxduur 0) wnIipaw Jo A1noas ayy ‘Tenuojod
JuBOYIUSIS pUL Ieoponu 9q P[NOYS 20IN0SAI | A Ul pasmbal | amsud 03 pannbal | wniuein s, U031 aY) Jo
1 1eontod Y3 1oy Y3y K10 oy} JO a3po[mouy| | o1 s)nsarayf, QIe SJNSAI YL, a8poymouy aaoxduwir o, % |
0°L1 0y [4N! 0°SI Y 0y S'¢ 0°¢
‘A1Unoo ‘Suruuerd
o) uI senLIoyINe ‘uondo responu ‘sarorjod A310u0 pojeIdojur "UOI391 91} JO JSow Ul
9Y} JO SUOISIOAP oy} Surpnour juowdofoasp Joy jutod Sunues | juowrdo[oAdp A310u0 JO
oy} uo spuadop XTwr A310u0 ot ‘uo1391 A310U0 ® se jueptoduwr SOIpMIS dAISUOYRIdwod
JUOWIDADIYOE JO UOIJeOIJISIOAID oy} UI SALIUNOD Jo uontuyop SI SOLIBUQOS we)-3uo]
S)1 ‘03eIOAY ot 105 Jueyroduy Jo Auolewr oy, Ioy Juadin Jo juowdooaag PajeI3aIUl JO Q0UISqY éc |
0°€T 0°¢ ee'l 0°L1 0¥y 0y 4 4
-owwes3oxd ‘A310U0
s ‘sowwes3ord “19))eW Iegponu e Ied[onu uo UOIJBULIOFUT
[eontod saxmnbaix Jomod 1eoronu SIY} SSoIppe P[noys | Sumae)s 910Joq ‘goueytodur JAISUQIX? PUE 9A102[qO
31 SUIAQIYOY Jo juowdofoaap paajoaur Arenuojod paxmbar eonod Jo Ajpiqerreae pue
‘98eI0AY oy 1o} yStg SOLIUNOD [V Apuadin pue [e1oos Y31 uoneonps aroxdwr o, 14
0°1E 0°¢ L9'1 S'81 0°s 0s 0y 4
HAVID HAVID
TVNIA ALTADIAIA a TVLOL HONVATTHY LINHLXH HINIL ALIIAHS NHTIOUd/ATIAN

10309s A310U2 9y} Ul SwA[qoId/Spasu Jo uoneznLIoL ‘G dqe L,

=
~




71

‘SonlIogy
JY} J0J SOAIIUOUL

‘sonbruto9) Jesjonu
Jo uoneordde

'SI03083TI [OI183SAI

K1e3098pnq os[e 1nq o) SUIuIdOUOD “WI9) *SI0J0BAI [OIBISAI
‘uoneredaid jyeIs sowes3oxd 'S10J0BaI WNIpaw a1} Jo uonerodo 9jerodo pue oSeuewr
AJuo jou sommbau IOJ 90UBAQJ[AI [OIBISAI UM IoJ paamboar oy 105 jueyzodur 0] JyeIs payrenb
SIY) 9FeIAY U3y — 98e10A® JO SOLIUNOD A} IO QIe S)MNSAIAYL | ‘Y3Iy 03 9FeIoAy A1y31y Jo a3ey0ys 94
091 0°¢ LT'1 Sl S'¢ S'¢ 0¢ S'¢
*SUOISAI JOTJO Ul
NNVelbliclielidel
ey 108}
oy} pue ssaooxd ‘syuerd romod
oY) 03 Suriq ‘syuerd ‘syuerd ‘Sunyewt "QUIIIRYI[ I} JO Iea[onu Jo awnI|
sanLoyne ay) jey Jomod 1eaponu jo Jomod 1eoronu -UoISIO9p pud a1y 03 Surwod | Funerodo oY) puvIxd 0)
SONI[IOB] O} USAIS uonerddo panunuod | ARy JeY} SOLHUNOD IoJ paamboar are uonerodo $9ss9001d ur uoI3a1 oy
MO[ — 98RIAY a1 105 Jueyroduy 20113 o 10 SI ‘Y31 Ul SI0J0BAI Y], ur 9ouaLIadxo Jo yor] SH
§7T §7 91 (14! 0¥y 07¢ 0y 0y
‘s1osn
pue yodsuen “Josn pud odojostorpen
‘uonnqrysip oy 03 s103erado
uornonpoid 101081 YOIBISAI
Jo ureyo "SONI[I0B) JO oSN wolj ‘so1391ens
oY} UI SJUSWIDO ‘sonbruyoe) Jesjonu ‘sodojosiorper WI9) WINIPAW | JUSIONJO 1) 10J JO uorRUIPIO0d




RADIATION SAFETY



7. RADIATION SAFETY
7.1. BACKGROUND

Acceptance in society of the risks associated with radiation is dependent on the net benefit
from its multiple applications. Radiation safety aims to protect workers, the public, patients
and the environment from the harmful effects of ionizing radiation and ensure adequate
protection of current and future generations from any activity that involves exposure to
ionizing radiation.

The IAEA, in accordance with Article III of its Statute, is authorized to establish standards of
safety for protection of health and minimization of danger associated with the application of
ionizing radiation to life and property, and to provide for the application of these standards.
IAEA standards cover nuclear safety, radiation safety, safe transport of radioactive material
and radioactive waste management.

The Fundamental Safety Principles [69] stipulate that States should have a national system for
effective control of all radiation sources, including a regulatory body, with clear
responsibilities and powers, and sufficient resources, that allow it to fulfil its mandate of
regulation, authorization, control and sanction, as well as to ensure compliance with
international commitments laid down in international agreements, arrangements, protocols or
conventions. States should also have the necessary arrangements in place so that, if needed, a
capacity for intervention and mitigation in the event of accidents exists.

In the area of radiation safety, the Regional Strategic Profile (RSP) for the period 20072013
used as a reference point information provided by the IAEA, such as expert missions, reports
from evaluation missions, (RaSSIA, ORPAS, EPREV and others), information from
international meetings and congresses, country reports presented or regional coordination
meetings, Radiation and Waste Safety Infrastructure Profiles (RaWaSIP), Country
Programme Frameworks (CPFs) for the technical cooperation programme, surveys and other
sources of information.

Based on the needs identified in the RSP, the IAEA has been managing technical cooperation
projects that have contributed significantly to improving the regulatory infrastructure,
occupational radiation protection, radiation protection of patients and the public, radiological
emergency preparedness and response, education and training in radiation safety,
management of radioactive waste and safety of transport of radioactive material.

7.2. GENERAL ANALYSIS OF THE REGIONAL SITUATION

In May 2013, regional experts met with technical officers and project management officers
with a view to updating the RSP in force with plans for 2016-2023. In order to assess the
situation in the region, information in the IAEA’s “Radiation Information Management
System (RASIMS)” database was used, as well as technical advice provided by technical
officers from the IAEA with responsibility in different areas.

From this analysis, it was concluded that significant progress has been made in the Latin
American region in establishing regulatory infrastructures and programmes over the last
15 years. This has been a result of the efforts of and technical cooperation between the IAEA
and its Member States. However, decisive action is required by all parties to consolidate the
results achieved as international good practice in the safety area.
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Mention must be made of the importance of political commitment and government
understanding in order to move towards a better level of organization and develop effective
and sustainable regulatory infrastructures.

It should also be noted that the new IAEA safety standards, General Safety Requirements
(GSR Part 1, Part 3 and Part 5) [70, 71, 72] with their new structure and content, reflect
clearly the responsibilities of governments and regulatory bodies in the development and
application of regulatory infrastructures and systems. The IAEA should therefore encourage
the governments of Member States to put in practice the safety requirements set out in the
IAEA standards in order to ensure the establishment, at last, of efficient and sustainable
regulatory infrastructures.

The updating of the evaluation of the current situation in the area of radiation safety in the
countries of the Latin American region shows the following:

The evaluation recognizes the achievements of previous regional projects in
implementing all aspects associated with the creation and/or improvement of
radiation safety infrastructure. However, the evaluation also recognizes that
there are still important elements that need to be addressed to ensure that the
regulatory bodies are actually independent, have sufficient scientific
knowledge and are free from political influence, and the existence of an
appropriate national structure and effective, updated and sustainable
regulations that guarantee the safety of radiation sources.

Existing legislation and regulations are not always compatible with
international regulations and, in some cases, do not facilitate the proper
application by the regulatory body of guidelines for control in the area of
radiation safety.

With regard to human resources, there is a high rotation of regulatory staff and
a lack of new people although the people working in the area are ageing; this
leads to a loss of institutional memory and shortcomings concerning the
regulatory process for inspection and control. This situation also affects end
users and technical services in the area of radiation protection.

The presence of orphan sources in material to be recycled continues to be
observed, albeit less frequently, which could cause radiological emergencies,
and this is why the measures necessary for detection and timely safety action
must be taken.

Not all occupationally exposed workers receive the individual monitoring
required under international recommendations and national regulations; the
problem is worse for individual internal monitoring. The dosimetry calibration
laboratories are not sufficient to meet the region’s needs.

Single national registers of all occupational doses are not available in all
countries of the region.

In the majority of countries in the region, no action has been taken to identify
existing exposure scenarios associated with industries that involve NORM
(naturally occurring radioactive material) and to assess their impact.
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Furthermore, an effective regulatory framework to address this area has not
been developed.

Although planning, reporting and coordination in the region to respond to
emergencies, including with respect to the provision of medical care to those
affected, systematic analysis of accidents and dissemination of information
have improved, they remain insufficient.

There is a continued lack in the region of national strategies and policies for
the management of radioactive waste, and there are deficiencies in the
application of the concepts of exemption, declassification and clearance.

The majority of regulatory bodies do not have the human and financial
resources to fulfil all their designated responsibilities under applicable
regulations and legislation.

There is a clear shortage of management systems of regulatory authorities that
are in line with the competencies assigned under the legal framework.

Safety culture in the area of radiation safety is not properly promoted or
implemented.

It is noted that the governments of some Member States in the region still do
not have an exhaustive knowledge of the role of the regulatory body, and this
could adversely affect the sustainability of the national radiation safety system.

Documented experience and information on the infrastructure for the safe
transport of radioactive material is not available in the majority of countries,
and problems associated with the denial of shipments of radioactive material
arise.

There is a shortage of national strategies for education and training in radiation
safety.

Information on possible radiological risks associated with facilities and
activities and on processes and decisions of the regulatory body, and its
dissemination to interested parties and the public, is insufficient.

There is insufficient training on programmes for optimization of radiation
protection in all practices, particularly in medicine, with emphasis on new
technologies (digital techniques — multislice computed tomography — hybrid
systems SPECT - PET/CT).

There is also insufficient training for medical and paramedical staff in
radiological protection programmes for treatment of children and pregnant
women in specialities with greater radiation risk, such as radiotherapy and
interventional procedures.

The majority of the research reactors in the region have been operating for
decades, and the challenge is whether to engage in an effective lifetime
extension or to begin decommissioning and closure. Furthermore, the
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regulatory control of these facilities requires improvement, in particular as
regards the establishment and implementation of the statutory inspection
programme.

7.3. SWOT ANALYSIS

7.3.1. STRENGTHS
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A cultural identity and language that facilitate exchange of experience,
information and professional support, helping to bring countries to the same level
in various areas relating to safety.

Existence of professionals trained in all fields of safety with experience that can
collaborate within a bilateral framework.

In almost all countries, legislative and regulatory frameworks and systems for
authorization and inspection have been established and are operational.

Recognition by countries of the need for authorized centralized storage facilities
for radioactive waste and disused radioactive sources.

Existence of organizations for conventional emergency management that can
assist in the event of radiation emergencies.

Skill and preparation levels of the regulatory authorities have increased.

Use of the benefits of international conventions concerning emergencies and
knowledge of other safety conventions.

Existence of national inventories of radioactive sources from Category 1 to
Category 3, radioactive waste and disused radioactive sources.

Countries have identified the main problems they face in the area of radiation
safety.

Legislation in the majority of countries of the region sets out basic responsibilities
concerning planning, preparation for and response to radiation emergencies.

Existence of a shared vision to resolve radiation safety issues.

Clearer vision on the part of countries as regards their development needs with
respect to regulation and control infrastructure.

Greater awareness of the radiation risk from medical exposure.

Existence of an extensive private sector working with sources and interested in
optimization of occupational radiation protection.

Existence of basic technical services to determine occupational exposure and
aspects of radiation measurement during environmental releases and emergency
response.



7.3.2. WEAKNESSES
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High rotation rate of trained professionals, particularly within regulatory bodies.

Some regulatory bodies have limited capacity in terms of infrastructure and
trained human resources to meet their responsibilities under national legislation.

Regulatory bodies do not have the financial resources necessary to fulfil all their
designated legislative responsibilities.

Low pay and incentive to work in regulatory bodies, which leads to the ageing of
the human resources specialized in the field of radiation safety and a lack staff
renewal. Lack of knowledge management necessary to maintain an institutional
memory on radiation safety issues.

Coexistence of more than one regulatory body in some countries. Lack of
officially established cooperation and coordination between different national
authorities.

Lack of actual independence of the regulatory body in some countries where the
regulators are also operators of some practices that need to be regulated.

In some cases, regulations in the area of radiation safety are lacking or not up-to-
date.

In many countries, regulatory frameworks do not cover all activities and practices
(particularly practices associated with lower radiation risk and new technologies).
Limited application of safety evaluation requirements. Insufficient coverage of
regulatory control in diagnostic radiology.

Insufficient utilization of computer systems for the recording of sources.

In many countries, records of sources are not used to organize appropriately and
in a graded approach the work of the regulatory bodies.

Absent or weak enforcement systems or failure to decide on their use.

In a large number of regulatory bodies, no efforts are made to establish,
implement, evaluate and improve continuously management systems, including:
records, authorization, implementation of standards, inspections information and
cooperation.

Many countries do not require implementation of management systems in
facilities and regulated activities.

Absence, or limited dissemination, of formal programmes for the development
and promotion of a safety culture among users and regulators.

Implementation and control of radiation protection programmes, and their
optimization in facilities and activities remain weak, as do efforts to introduce
concepts relating to safety culture.

77



78

(16)

(17)

(18)

(19)

(20)

@2y

(22)

(23)

(24)

(25)

(26)

27)

(28)

(29)

(30)

Lack of documented experience and information on the infrastructure for the safe
transport of radioactive material. Problems associated with denials of shipment
and failure to nominate national contact points.

Countries’ dependence on the support, resources and programmes of international
organizations, especially the IAEA, for training and procurement of equipment.

Coverage of external personal dosimetry is not sufficient to encompass all
workers and all types of radiation to be measured. Difficulties concerning beta
and neutron dosimetry.

Laboratories providing internal dosimetry services are insufficient in number or
unevenly distributed geographically, which makes it difficult to provide broad
coverage for all the exposed workers who require it.

Limited services and equipment available to monitor the workplace (measurement
of radiation beams and contamination of surfaces).

The services of the dosimetry calibration laboratories in the region are limited in
terms of levels of radiation protection and the need to calibrate the equipment for
workplace monitoring.

Quality systems in technical support services are not fully implemented.

Lack of harmonization concerning processes and  criteria  for
authorization/approval/verification of the competence of technical services at the
national and regional level.

The absence of unified national records for occupational dose in the majority of
countries.

Lack of clarity with respect to the meaning, need and scope of national policies
and strategies pertaining to radioactive waste management, which makes safe and
sustainable implementation in this area difficult.

Lack of information on the existence of NORM and identification of exposure
scenarios that exist in the countries.

Lack of clarity with respect to the regulation and practical application of the
concepts of exemption, declassification and clearance.

Weaknesses in the timely detection and control of materials to be recycled to
monitor the possible presence of radioactive material in consumer products.

There is no notification system with regulated coordination for all organizations
which must be involved in emergency response.

Shortcomings in the evaluation of threats in the majority of countries for planning
in response to radiological and nuclear emergencies.
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(33)

(34)

(35)

The regulatory frameworks in the majority of countries do not set out clear
requirements for education and training in radiation safety for different categories
of staff and types of practice.

Absence of national strategies for education and training in radiation safety.

Failure to become State parties to the Conventions on Nuclear Safety, on Early
Notification of a Nuclear Accident, and on Assistance in Case of a Nuclear
Accident or Radiological Emergency.

Insufficient information and consultation with interested parties and the public
concerning possible radiation risks associated with facilities and activities, and
processes and decisions of the regulatory body.

Failure to disseminate internally the knowledge acquired during specific courses
provided by international organizations.

7.3.3. THREATS
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Changes in national authorities (changes in governments), which, owing to a lack
of appropriate information and training, compromise the established infrastructure
and the continuity of trained personnel, and national regulatory projects and
programmes.

Economic difficulties in countries in connection with the improvement or
upgrading of infrastructure, owing to insufficient allocation of resources.

Weak governmental commitment to support, strengthen and establish
infrastructure and regulatory programmes concerning radiation safety.

Lack of multiplier effect with respect to knowledge acquired at specific courses
provided by international organizations.

Lack of awareness-raising on radiation protection issues among professionals
working with ionizing radiation and the general public.

Limited use by countries of evaluation tools developed by the IAEA, such as
SARIS (Self-Assessment of Regulatory Infrastructure for Safety) to assess the
efficacy of regulatory programmes and monitoring systems to measure the
effectiveness of technical cooperation in various areas relating to safety, such as
RASIMS.

Weak systematic action of the JAEA with governments of countries to raise
awareness of the importance of safety aspects and regulatory infrastructure to
control risks and radiation sources.

Little attention paid by governments to strengthening the capacity of regulatory
bodies for control in some areas of medical practice.

There are some countries of the region that have not signed the Early Notification
and Assistance Conventions and safety conventions.
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The region is essentially dependent on external financing for the development of
capacities to respond to nuclear and radiological emergencies.

Health-care resources in the region to treat those injured in emergency situations
are not properly identified.

The region does not have enough experts to advise on the medical response in the
event of nuclear and radiological emergencies.

No systematic analysis has been performed of the accidents that have occurred in
the region, nor are all accidents officially reported.

7.3.4. OPPORTUNITIES
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Possibilities to access specialized international (IAEA, PAHO) and bilateral
cooperation aimed at supporting the development of radiation safety
infrastructures in countries.

Existing capacity in countries of the region for training of trainers and production
of multiplier effects.

Interest in some countries of the region in nuclear power generation.
Existence of international conventions on safety and emergency response.

Existence of regional projects and plans of action that help to find solutions to the
problems.

Existence in the region of a group of experts and access to services (LBDNET) to
respond to radiological emergencies.

Existence of two regional training centres for the provision of postgraduate
courses in radiation protection recognized by the IAEA.

Availability of training packages developed by the IAEA allowing standardization
of the information imparted in training.

Access to expertise, normative documents, procedures and outputs developed
through the Ibero-American Forum of Radiological and Nuclear Regulatory
Agencies.

Availability of updated IAEA international standards concerning radiation safety.

Existence of a comprehensive package of national standards that can service as a
reference for countries developing their national legislation.

Availability of tools (software) that serve as a basis for the preparation of
personnel and other activities in the area of radiation safety.

Availability of guidance for establishing requirements in terms of qualification
and recognition of different categories of workers and practices associated with
the area of radiation safety.



(14)  Availability in the region of qualified experts to meet needs in terms of
knowledge and guidance in the field of radiation safety.

(15)  Existence of services for evaluating the radiation safety infrastructure and the
legislative and regulatory framework (IRRS, EPREV, ORPAS, etc.)

(16)  Existence of international programmes for the conditioning and repatriation of
disused radioactive sources.

(17)  Existence of a database that reflects the current radiation safety situation of
countries of the region (RASIMS).

(18)  Open and ongoing exchange of professional experience, training, regulatory
documents, etc. in the area of nuclear and radiation safety through networks
(REPROLAM, etc.).

(19)  Existence of essential technical services to support radiation safety infrastructure.

(20)  Existence of professional societies associated with areas of radiation safety.

(21)  Public opinion in favour of the protection of the public and the environment.

(22)  Large number of training programmes implemented and provided by the IAEA.
7.4. NEEDS/PROBLEMS

This section presents the results of the analysis undertaken on the basis of the SWOT analysis,
with identification of the needs/problems in the sector, their justification, objective and
indicator.

The needs/problems are given as a function of the TOTAL GRADE of priority, in accordance
with the prioritization table under section V (Prioritization of needs/problems).

R1. Insufficient application and implementation among end users of principles and
requirements concerning radiation protection set out in international safety
recommendations for the control of medical exposure in digital radiology,
computed tomography, interventional procedures and radiotherapy.

Justification: In view of the universality and magnitude of medical exposure of the
population, and the fact that compliance with internationally recommended radiation
protection requirements [71], in particular concerning application of the principle of
justification and optimization programmes, is not required by respective regulatory authorities
in the nuclear and health areas, all parties involved must strive to increase the radiation
protection of patients and the public. In addition, a lack of awareness of radiological risk and
of a safety culture in medical practice, that lead to the unnecessary exposure of patients and,
on occasions, of medical staff, have been identified.

Objective: To raise the level of compliance with radiation protection requirements with

regard to medical exposure, with particular emphasis on digital radiology, computed
tomography, interventional procedures and radiotherapy.
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Indicator: The number of countries to have documented that they have increased the degree
of implementation of RASIMS performance indicators associated with optimization of
medical exposure in digital radiology, computed tomography, interventional procedures and
radiotherapy (elements 3, 6, 8 and 12 TSA3).

R2. Lack of guarantees in countries of the region to ensure that governments
maintain a sustainable national regulatory system for radiation protection and
safe transport of radioactive material.

Justification: The vast majority of Member States in the region have a legally established
regulatory body. However, this does not guarantee in all cases the existence of a sustainable
national regulatory system for radiation protection that provides the regulatory body with
sufficient resources to fulfil its responsibilities concerning regulation, authorization,
inspection and enforcement. In addition, the level of commitment of governments to support,
strengthen and implement regulatory programmes for radiation safety can be improved. The
majority of countries have limited human and financial resources to fulfil all their designated
responsibilities under the legal framework. In some cases, workers are poorly paid and lack
motivation; the tenure of staff of regulatory bodies is not always guaranteed, which puts at
risk institutional memory and knowledge management.

Objective: To ensure that an effective governmental, legal and regulatory framework for
radiation safety and the safe transport of radioactive material at the national level is prioritized
and sustained.

Indicator: The number of countries to have documented that they have increased the degree
of implementation of RASIMS performance indicators associated with a legal and budgetary
framework and human resources enabling them to ensure the stability and sustainability of the

regulatory programme for radiation safety and the safe transport of radioactive material
(elements 1, 2, 3, and 4 TSA1).

R3. Insufficient management systems in regulatory bodies to ensure compliance
with all legislative responsibilities in the countries and recommendations of
TIAEA standards.

Justification: The majority of regulatory authorities face limitations in terms of their action
and do not cover all activities and practices, in particular in diagnostic radiology. Justification:
The majority of regulatory authorities face limitations in terms of their action and do not
cover all activities and practices, in particular in diagnostic radiology. Management systems
are not established in regulatory bodies in many countries. Furthermore, there is no
requirement to implement these management systems in connection with facilities and
activities. Implementation and control of radiation protection programmes and their
optimization remain weak. Procedures for authorization and inspection have not been
formalized, enforcement systems are non-existent, weak, or no decision has been taken on
their use. Insufficient use is made of computer systems for recording sources. Their use is
limited in terms of organization of the work of the regulatory body, and implementation of a
phased approach. There is not always harmonious coexistence of more than one regulatory
authority, compromising effective independence is undermined in some countries where
regulators are operators of activities that are also regulated. There is still a lack of officially
established coordination and cooperation between different national authorities. Regulations
are lacking or not in line with recent international recommendations in the area of radiation
safety. Poor enforcement of safety assessment requirements.
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Objective: To consolidate the work of the regulatory bodies on the basis of an established
management system that facilitates fulfilment of the responsibilities under national legislation
and recommendations of IAEA standards.

Indicator: The number of countries to have documented that they have increased the degree
of implementation of RASIMS performance indicators associated with the processes,
procedures, records and reports of the management systems in accordance with the
performance indicators set out in the IAEA standards: GSR Part 1 and GSR Part 3 [70, 71]
(elements 8, 9, 11, 12 and 14 TSA1).

R4. Insufficient coverage by the radiation protection services (individual internal
and external monitoring and workplace monitoring) of occupationally exposed
workers in the countries. Inadequate implementation of quality systems in
technical services and the lack of availability of unified or centralized national
records of occupational dose in all countries.

Justification: Although the number of technical services for external dosimetry has increased
in the region, there is still a lack of coverage, particularly concerning neutron and beta
dosimetry. Because of a lack of internal dosimetry services in the majority of countries, it is
not possible to evaluate the occupational exposure of those working in nuclear medicine and
the production of radionuclides. Furthermore, the services and equipment available to monitor
radiation beams and contamination of surfaces in workplaces remain limited. Quality systems
in these services have not been implemented in all countries and technical competence has not
been recognized by the body concerned. The majority of countries do not have centralized
national records of occupational dose and therefore do not have information on levels of
exposure associated with different practices; actions for optimization are not promoted.

Objective: To increase the coverage of dose control for workers occupationally exposed
through technical services with recognized quality systems in place in the countries
(individual internal and external monitoring, and monitoring of the workplace).

To establish and keep updated national records of occupational dose in countries of the
region.

Indicator: The number of countries to have documented that they have increased the
implementation of RASIMS performance indicators associated with individual monitoring,
external exposure, internal contamination, workplace monitoring, and that they have
established national records of the doses received by workers (RASIMS: elements 2, 3 and 4
TSA2).

R5. Lack of national strategies and policies for the safe and sustainable
management of radioactive waste and improvement in the safe management of
waste and disused sources.

Justification: In the majority of countries there are no national strategies and policies
approved by the government for the safe and sustainable management of radioactive waste,
including the conditioning and safe storage of radioactive waste and disused radioactive
sources, and for the use of the tools of declassification and clearance. In countries of the
region there are metal recycling industries where orphan sources have appeared, or may do so,
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and if such sources are not detected and properly managed they may result in exposure of the
public and industrial workers, and costly economic losses. In most of the countries of the
region, no action has been taken to identify existing exposure scenarios (for example NORM)
and to evaluate their radiological impact with a view to taking the appropriate regulatory
measures. In the majority of countries, no solutions have been identified for the final disposal
of radioactive waste and disused radioactive sources.

Objective: The establishment and implementation, by governments, of national policies and
strategies to guarantee the safe and sustainable management of radioactive waste. The
implementation of actions to increase the safety of radioactive waste and existing disused
sources and improve capacity for detection and safe management of orphan sources.

Indicator: The number of countries in the region with national policies established by the
government for the safe and sustainable management of radioactive waste; with licensed
storage facilities for radioactive waste and systems for the security and physical protection of
orphan sources (RASIMS: elements 7 and 8 TSA4 and element 10 TSAL).

R6. Limited capacities in countries for planning, notification and response with
regard to radiological emergencies, including the provision of medical care to
those affected, systematic analysis of accidents and dissemination of
information.

Justification: There are capacities in the region (plans, procedures, first responders) that can
be strengthened and used in the event of an emergency situation, and which, if appropriately
coordinated through official mechanisms (e.g. RANET), could be made available to the
country concerned. In most countries, shortcomings have been identified in the evaluation of
threats for planning and response to radiological and nuclear emergencies, taking into account
aspects associated with mitigation of the potential consequences of the emergency itself and
the response. Health-care resources in the region for those injured in emergency situations are
not properly identified, and there are not enough experts to provide guidance on the medical
response in the event of nuclear and radiological emergencies. Although actions have been
taken to improve the knowledge and infrastructure of the first responders, they need to be
strengthened further in the majority of countries. No systematic analysis has been performed
of the accidents that have occurred in the region. A number of countries of the region are still
not party to conventions on radiological and nuclear emergencies.

Objective: To increase capacities for planning, recording and responding to emergencies,
including the provision of medical care to those affected, systematic analysis of accidents and
dissemination of information.

Indicator: The number of countries to have documented that they have increased the degree
of implementation of RASIMS performance indicators associated with basic responsibilities:
identification, notification and activation, and elements associated with infrastructure in order
to respond to radiological and nuclear emergencies (elements 1, 4 and 14 of TSAS)

R7. Limitations for calibration at the level of radiation protection, radiotherapy
and radiodiagnostics by secondary standards dosimetry laboratories (SSDL) in

the region.

Justification: Services for the calibration and verification of equipment in the secondary
standards dosimetry laboratories in the region are not sufficient to meet the needs of the end
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users in terms of levels of radiation protection, radiotherapy and radiodiagnostics with photon
radiation. This is mainly due to the obsolescence of the equipment and the shortage of trained
technical staff. In addition, problems often arise at customs concerning the transfer of
equipment between countries.

Objective: To identify real needs for calibration in the region, the existing problems, actual
possibilities for providing these services as well as proposed solutions for the short and
medium term to ensure the updating and coverage of the dosimetry calibration services
required in the region for calibration of equipment or dosimeters in areas including external
radiotherapy, brachytherapy, radiology, nuclear medicine and radiation protection.

Indicator: Document with a full diagnosis of the situation in the region and proposed
solutions, which will serve as an input for the national authorities, national organizations
responsible for the secondary standards dosimetry laboratories and the IAEA in the
identification of strategies and solutions.

RS8. Insufficient application of management systems among end users, including the
promotion and implementation of a safety culture.

Justification In most countries of the region, a shortage of management programmes for
implementation of radiation protection programmes in facilities has been identified. No
specific actions have been determined for the development and promotion of a safety culture
among end users of the different activities, which could increase the potential for radiological
accidents and incidents.

Objective: To establish and implement management systems in facilities in countries of the
region and to promote the development of the safety culture concept.

Indicator: The number of countries to have documented that they have increased the degree
of implementation of RASIMS performance indicators associated with the implementation of
management systems and a safety culture in facilities (element 6 TSA2).

R9. Absence of national strategies for education and training in radiation safety.

Justification: In the majority of countries there is an absence of sustained national strategies
for education and training in radiation safety for all practices and places of work at the basic
and postgraduate levels. There is a shortage of human and financial resources for the
establishment of sustainable national education and training programmes in occupational
radiation protection for facilities and activities, in particular in medical practice.

Objective: To develop and implement national strategies for education and training in
radiation safety and optimization of radiation protection in all practices (with emphasis on
medical practice) and the regulatory body.

Indicator: The number of countries to have documented that they have increased the degree
of implementation of RASIMS performance indicators associated with the design and
implementation of the national strategy for education and training in radiation safety
(elements 4, 5, 6 and 7 TSA6).
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R10. Insufficient information and consultation with interested parties and the public
concerning possible radiation risks associated with facilities and activities, and
processes and decisions of the regulatory body.

Justification: Information and consultation with interested parties and the public regarding
possible radiation risks associated with radiation activities and facilities are not sufficiently
developed in the majority of countries despite being recognized in the Fundamental Safety
Principles [69] and IAEA Safety Requirements [70, 71, 72].

Objective: To raise public awareness of the radiation risks associated with the facilities and
activities and encourage the involvement of interested parties in the processes and decisions
of the regulatory body.

Indicator: The number of countries to have documented that they have increased the degree
of implementation of RASIMS performance indicators associated with national mechanisms
to provide for the participation of interested parties and public knowledge regarding the
radiation risks associated with the facilities and activities and the processes and decisions of
the regulatory body (element 13 TSAT1).

7.5. PRIORITIZATION OF THE NEEDS/PROBLEMS

The prioritization of the needs/problems in the sector is shown in Table 6.
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8. RADIATION TECHNOLOGY
8.1. BACKGROUND

The activities began with a review of the validity of the needs/problems set out in the previous
RSP covering the period 2007-2013. This analysis also considered the results being achieved
in projects financed by ARCAL/IAEA in Latin America and the Caribbean based on the
reports analysed at the meeting in held November 2012, in Havana, Cuba.

The needs of the region were identified in the areas of: water (treatment), the environment
(treatment of emissions and waste), coastal engineering, advanced materials, medicine,
cultural heritage (characterization and preservation), industrial processes, natural resources
and inspection technologies, taking into account the use of the following nuclear techniques:

Radiation processing technology (gamma, electrons and X-rays)
Radiotracers

Nucleonic control systems

Non-destructive testing;

Analytical techniques

An analysis of strengths, weaknesses, opportunities and threats was undertaken for each area
and, finally, the needs identified were characterized and prioritized in accordance with the
methodology identified for this purpose, taking into account the following: severity, time,
extent, relevance and difficulty.

Application of radiation technology

The use of radiation technology to improve quality of life has several applications in different
fields, including to tackle a wide range of development issues in the areas of water, the
environment, coastal engineering, medicine, cultural heritage, industrial processes and
production, processing of advanced materials, natural resources and inspection technologies
[73—87]. The principles and applications are outlined briefly below.

Radiation processing (RP) technology is based on the use of high-energy radiation from
gamma sources (mainly Co-60), electron beams or X-rays to induce biological, chemical and
physical changes in materials. This technology is used mainly for the sterilization of medical
products, irradiation of food and agricultural products, irradiation of blood to prevent graft
versus host disease, decontamination of soils, modification of industrial polymers (wires,
cables, tyres, semiconductors, foam, films, tubes, etc.), colouring gemstones, preservation of
cultural objects, archives, disinfection and conservation of books and preservation of the
environment (treatment of industrial waste water, combustion gases and sludge) [77—-89].

Short-lived radiotracers (T), such as: Na-22, Tc-99m, 1-131, Br-82, La-140, etc., are used for
diagnosis in industrial processes, including troubleshooting, underground leaks, residence
time, and residence time distribution, flux patterns and flow rates, etc. This category includes
the use of sealed sources for the scanning of industrial components, such as distillation
columns, including through use of gamma transmission and neutron backscattering. The
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cost/benefit ratio is greater than 30 and provides for better product quality, productivity,
safety and process availability. [74—79, 88-91].

Nucleonic control systems (NCS): There are different systems for quality control of industrial
processes and products to obtain significant gains in industry, for example in controlling the
thickness of laminated steel or the filling of bottles in the food industry, and mineral content
(Am-Be, Cf-252). These systems use radiation sources such as Am-241, Cs-137 and X-ray or
neutron generators coupled with detectors that provide the signal used for process control [73,
77-82, 83-87].

Analytical techniques (L): Nuclear analytical techniques can be used for laboratory analysis;
they can also be configured for on-line analysis for process control. The most important
analytical techniques are neutron activation analysis, X-ray fluorescence, prompt gamma
neutron activation analysis and particle-induced X-ray emission [76, 80, 83, 87].

Non-destructive testing (NDT): This category includes nuclear and non-nuclear techniques to
determine the status of industrial components; the most widely used nuclear technique is
radiography, e.g. for detecting with gamma rays and X-rays welding defects in pipework and
tanks [92-106]. Computed tomography and neutrography are also important. Non-nuclear
techniques include ultrasound, induced current, liquid penetrant and magnetic particle testing,
etc.

8.2. ANALYSIS OF THE REGIONAL SITUATION

The Latin American and Caribbean region comprises 45 countries in an area covering
20.4 million km®. The population was 581.4 million in 2012, and is growing at a rate of
1.2% per year. The gross domestic product (GDP) of the region was US $5344 thousand
million in 2012. This year the annual per capita income was US $8981. The life expectancy at
birth was 74 years in 2011. Primary enrolment has reached 107% [107-108].

It is forecast that the region’s population will increase to approximately 902 million in 2050
[109-110].

Figure 1 shows the growth of GDP and figure 2 shows industrial growth in different regions
of the world.
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B Latin Amernica & Carbbean (all income levels) [l East Asia & Pacific {all income levels)
Europe & Ceniral Asia (all income levels) Middle East & North Africa (gll income levels) B South Asia
Sub-Saharan Africa (all income levels)

Fig. 1. Annual GDP growth by region of the world”.

M Latin America & Caribbean (all income levels) [l Europe & Cenfral Asia (all income levels)
East Asia & Pacific {all income levels) Middie East & Norih Africa {all income levels) South Asia
Sub-Saharan Africa (all mcome levels) World

Fig. 2. Industrial growth by region of the world’.

43 Prepared on the basis of the data available in: The World Bank: Dataset name: World Development Indicators: Size of
the economy (http://wdi.worldbank.org/table/1.1)

54 Prepared on the basis of the data available in: The World Bank: Dataset name: World Bank national accounts data, and
OECD National Accounts data files

(http://data.worldbank.org/indicator/NV.IND.TOTL.KD.ZG/countries/ZJ-Z7-Z4-ZQ-8S-ZG-iW ?display=graph)
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Table 7. Percentage of the population employed in industry in 2011.

Country % Country % Country %
Argentina 23.8 Ecuador 17.7 Panama 18.6
Bolivia 20.6 El Salvador 21.2 Paraguay 17.8
Brazil 21.9 Guatemala 23.8 Peru 17.0
Chile 23.1 Honduras 19.0 Uruguay 21.5
Colombia 20.6 Mexico 25.2 Venezuela 21.9
Costa Rica 19.8 Nicaragua 16.5

Although the region comprises countries with different levels of development, it is considered
that this knowledge needs to be disseminated and that these activities need to be developed in
all countries to some extent in order to improve competitiveness.

The following tables present the situation in the countries of Latin America in terms of the use
of radiation technologies. Table 8 shows the situation of the countries with regard to the use
of radiotracers in: diagnosis of industrial production and processes; radiotracers in the
environment, in oil fields, in sediment transport; nucleonic control systems in industrial
quality control, exploration of mineral resources and the environment. Table 9 presents the
situation with regard to non-destructive testing by country; Table 10 contains a list of the
gamma irradiators and electron beam accelerators in Latin America, including the type of
dosimetry system used and the status of quality control and assurance.

Table 8. Use of radiotracers in countries of the region.

. Tracers in the . NCS in
Tracers in . NCS in .
c environment, c c exploration of
processing and . industrial .
Country . oil and . mineral resources
production . quality
. . sediment and the
industries control .
transport environment
Argentina X X X
Brazil X X X X
Colombia X X
Chile X X X
Costa Rica X
Cuba X
Dominican X
Republic
Ecuador X X
El Salvador X
Guatemala X
Mexico X X X X
Panama X
Paraguay X
Peru X X X
Uruguay X X
Venezuela X X
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Table 9. Use of non-destructive testing in countries of the region.

o I P R i P el I T P
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Table 10. Gamma irradiators and electron beam accelerators in Latin America.

- . . Reference | Calibration ISO
Country Facility type Use Routine dosimetry dosimetry | capacity certification
Co-60 plant, Service, Fricke,
CNEA. Current reserch and Peieciefegfriﬁiﬁkg;ic Alanine, Yes No
activity 600 kCi development PEX, Dichromate
Argentina Pri Co60
rivate Co- . Red Perspex, Amber Dichromate
plant. Current Service Perspex. Gammachromic JCNEA No No
activity 1070 kCi Pex,
3 private Co-60
plants Service and .
(CBE/Embrarad). Red Perspex Yes Yes (Private)
. development
Current activity
6000 kCi
01 10 MeV
electron .
Service
accelerator
CBE/Embrarad
Co-60 plant, IPEN. Service, Radiochromic, Red Fricke,
. Current activity research and Perspex. Amber Perspex Alanine Yes No
Brazil 400 kCi development PEX, P
12 private electron
accelerators from Service Alanine, CTA Alanine Yes
0.3a10MeV
2 electron Service
acclerators, IPEN ’
(1.5 MeV -37.5 ;:jzfgh;re‘gt cTA Yes
mA and 70mA) P
1 Gamma cell Service and Red Perxpex,
activity: development Amber Perspex Alanine Yes No
< 5 kCi, IPEN evelopme Gammachromic, GEX B3
. Co- 60 Plant 360 Service and Red Perspex, Amber .
(Ehitle kCi development | Perspex, Gammachromic Fricke No Yes
7.5 MeV electron Service
beam (Baxter)
10 MeV electron Service
. beam (Beam One)
Costa Rica
Gammacell 220 Phytosanitar
OIRSA y testing No No No No
Gammacell 220 Out of use
University of for cell
Costa Rica treatment
Irradiator MP-y- Service, Fricke, .
Cuba 30. reserch and Red Pe;zfsexéXAmber Ceric/Cerou Yes I\flzrlli_tce;tlsf;fi
Current 1.7 kCi development P s quality sy
Electrom Beam
Dominican . ISO 13485 and
Republic Sure Beam 10/15 Service GEX B3 NPL Yes SO 11137

(Fenwall)
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Electron Beam

ISO 13485 and

Integrated model Service GEX B3 NPL Yes
(Fenwall) ISO 11137
Co-60 plant,
capacity 1.5 kCi. Research
Current activity < and service No No No No
4 kCi
Radiochrom
5-10 MeV Resear({h PVC ic: No No
accelerator and service . .
Ecuador calorimetric
Gammacell JL
SHEPHERD 109
Initial activity of Investigation Fricke No No No
11 kCi. Current
activity 0.7 kCi
JS 7500 plant.
El Salvador | 1974 - accident Closed No No No No
1991 - 18 kCi
Plant Co JS 6500. Alanine /
Current 800 kCi, Service Red Perspex NISTe No 1SO9001: 2008
(ININ)
Gammacell 125 Ci, | Research and Red Perspex No 1S09001: 2008
(ININ) service
Transelektro LGI- | Research and
01 3247, (ININ) service Red Perspex No ISO 9001: 2008
VickRad 3Ci Research and
> . Red Perspex N
(ININ) service P © 1SO 9001: 2008
UNAM Research and No information No No No inf "
100 kCi service information | information 0 tniormation
. Sterigenix 3000 N
Mexico kCi. Current 1000 Service No information . o No No information
KCi information
Benebion 300 kCi Serv1ce,. fresh No information . No . No No information
fruit information
Self-shielded Co- N
60, SAGARPA Fruit fly No information in form(;ti 0 No No information
Tapachula (closed) ©
Self-shielded Co- N
60, SAGARPA Medfly No information inf rm(;ti 0 No No information
Tapachula (closed) © ©
Self-shielded
horizontal Cs-137, . . . No . .
SAGARPA Tuxtla Service No information information No No information
Gutz (closed)
Gammacell 220
Excel 220 IPEN Service Ethanol (lzjhlloiobenzene, Fricke No No
» 11.4kCi rieke
eru ;
Multi-use Co-60
plant PIMU 18.7 Service Ethanol chlorobenzene, GEX Fricke No No
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Gamma Beam 127

Nordion. Current Fslgf/iiréd Gafchromic; Fricke Fricke No No
11 kCi SENASA
Shepherd &
Associates Mod Gafchromic; Fricke Fricke No No
109-68 5.2 kCi Flies
Shepherd &
Asociates Mod Gafchromic; Fricke Fricke No No
109-68 4.4 kCi Flies
Cs-137 9.6 kCi Flies Fricke No No
Co-60 equipment Began
Experimental EMI | operation in
v 9 80 kCi July 2009 Red Perspex No No No
ey Gammacell 220 Tissue bank Amber Perspex

Gammacell
UDELAR Not used
IR 216 irradiator
PEGAMMA Co -

Venezuela | 60 design 1000 Service Red Perspex, Fricke No No No

kCi. Current 85
kCi

The applications of radiation technologies are continuing to grow and are developing in areas
including exploration and the efficient use of natural resources, mining, the mineral
processing industry, metallurgy, development of advanced materials, characterization and

preservation of the cultural heritage, the environment and protecting coasts from erosion.

With the increase in experience and confidence in the technology, the use of radiation
technologies has a pivotal role to play in bringing about significant improvement in almost all

countries of the region and as an important contributor to the national economies. In view of

the needs, possibilities and capacities of the region, the group identified the following areas in
which the use of radiation technologies could be beneficial.

Water (treatment):

Treatment of water for reuse or discharge (RP);

Treatment of sludge (RP);

Optimization of water treatment processes (T);

Measurement of precipitation (T);

Areas of protection for hydrographic basins (T).

Environment (treatment of emissions and waste):

Treatment of gaseous effluents (RP);

Discharge from industries (T);

Sediment transport (T).
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Coastal engineering:
Protecting coasts from erosion (T, NCS);
Ports and dredging work, optimization and administration (T, NCS).

Advanced materials:

Polymer modification and treatment (RP);

Processing of advanced materials (RP);

Measurement of wear using thin layer proton activation (T).
Medicine:

Sterilization of medical products (RP);

Sanitization of recipients (RP);

Hydrogels (cosmetics, medicines, etc.) (RP);

Irradiation of blood (RP);

Irradiation of biological tissues (human and animal) (RP);

Production of radioisotopes for medicine and industry (RP).
Cultural heritage (characterization and preservation):

Preservation of historic objects (RP);

Disinfection of archives, documents, paintings (RP);

Authentication and characterization of objects (L);

Preservation of objects (T, RP);

Analysis of objects (NDT).
Industrial processes:

Optimization of processes (T);

Quality control (NCS);

Modification and improvement of products (RT).
Natural resources:

Food:

¢ Quarantine treatment and preservation using irradiation (RP);
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e Quality control (NCS);
e Development of packaging using natural polymers (RP):
e Optimization of processes (T).
Agriculture:
e Sterilization of soils (RP);
e Plant growth promoters (using natural polymers) (RP);
e  Super water absorbers (using natural polymers) (RP);
e Biocides (using natural polymers) (RP);
e Soil erosion studies (T);
e Studies of fertilizer and pollutant transfer (T);
e Sanitization of animal feed (RP);

e Sanitization of agricultural products — flowers, wood, tobacco, seeds, etc.

Mining (T, L, NCS):
e Exploration (NCS);
e Processing (T, NCS).
Inspection technologies (NDT):
Metals, welding, pipework, energy plants, oil and gas, aerospace industry, etc.;
Concrete, roads, bridges, buildings, etc.;
In-service inspection of power plants, in particular nuclear power plants;
Harmonization of training and certification of operators;

Digital training of operators.
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8.3. SWOT ANALYSIS

8.3.1. STRENGTHS

Water (RP, T)

(1) Water is a strategic and limited public resource in all countries.

(2) Simple and accessible technologies.

(3) No waste generated.

(4) Helps to clean waste water for its discharge or subsequent use.

(5) Helps to increase the availability and quality of potable water.

(6) Non-nuclear tracer techniques are often more expensive and technically more
difficult to apply.

(7) Existing experience in various countries of the region.

(8) Capacity to improve the efficiency of existing water treatment facilities.

Environment (RP, NCS)

(9) Common interest across the region to protect the environment.

(10) Efficient and effective technologies.

(11) Treatment of combustion gases with electron beams is the only technology that can
eliminate effectively all pollutants simultaneously, without generating waste.

(12) Groups for radiotracers and nucleonic control systems and equipment currently exist

in the majority of countries.

Coastal engineering (T, NCS)

(13)
(14)
(15)
(16)
(17)

Coastal management is important for the region.
Accessible and validated technology.

Already exists in some countries.

Very high cost-benefit ratio.

Need to protect the environment.

Advanced materials (RP)

(18)
(19)
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Common interest across the region to add considerable value to materials.

Energy efficient and environmentally friendly processes.



(20)
21

(22)

Improvements in quality and safety.
Affordable (in some cases, cheaper than the alternatives).

Infrastructure established in the region.

Medicine (RP)

(23)

(24)

(25)
(26)
27)
(28)

(29)

Well-established and available technology.

Strong commercial demand for sterilization of medical instruments and irradiation
of blood.

Accessible and simple technology.

No waste generated.

Technology is free of additives and at ambient temperature.
The technology is usually accepted by the general public.

The technology is more efficient and competitive than non-nuclear technologies
(once the facility has been established).

Cultural heritage (RT, L, NDT)

(30)
€2y
(32)
(33)
(34)
(35)
(36)

(37)

Latin America has a very rich cultural heritage, which spans the entire region.
At least four countries have and use applicable technologies.

Existing infrastructure.

Some countries are already working with UNESCO.

Experience in the IAEA (model projects and knowledge).

Accessible technologies.

Simple and effective technologies.

No waste generated.

Industrial processes and production (T, NCS, L)

(38)
(39)

(40)

(41)

It is in the common interest to improve the efficiency of production processes.
Tools available for all industries.

Currently, in some countries of the region, radiotracer techniques and nucleonic
process control systems are already used in some activities.

Improvement in the quality of the products and continuing quality control of the
products.
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(42)
(43)
(44)

(45)

Very high cost-benefit ratio.
Improvement in the competitiveness of the industry.
Existing institutes and businesses capable of providing the technology.

Accessible technology.

Natural resources (RP, T, NCS)

(46)

(47)
(48)
(49)

(50)

(5D

The region is rich in natural resources (agriculture, marine products, minerals,
hydrocarbons).

Simple and accessible technologies.
No waste generated.
Some hydrogels are already being produced and used in the region.

The materials used could be waste from another process and the final product
becomes a product with great value added.

There are already reference products on the market (IAEA projects in Asia).

Inspection technologies (NDT, NCS)

(52)
(53)
(54)
(55)
(56)
(57)
(58)
(59)
(60)

Common interest in certified products.

Improvement in product quality.

Improvement in the safety of operation and protecting human life.
Accessible technology.

High cost-benefit ratio.

The simplicity of the technology.

Various projects have already been implemented in this field.

Existing network of service providers and end users of the technology.

Advanced countries can facilitate regional cooperation.



8.3.2. WEAKNESSES
Water (RP, T)
(1) Development of technology for radiation treatment is still in its infancy.
(2) Potential actors have limited information about the technologies.
(3) Few facilities to demonstrate the technology.
Environment (RP, NCS)
(4) Capital investment for new radiation processing facilities is high.
(5) There are no providers of systems ready for use.
(6) Few facilities to demonstrate the technology.
Coastal engineering (T, NCS)
(7) Limited availability of radiotracers.
(8) Public concern.
(9) Very strict regulations.
Advanced materials (RP)
(10) More qualified staff are required.
(11) Development of naturally clean products.
(12) Few companies report the use of these technologies.
Medicine (RP)
(13) Some countries do not have appropriate irradiation facilities.

(14) There is a need to improve compliance in the region with international standards in
force.

(15) In some cases, investment required for a new irradiation facility is greater than for
the application of non-nuclear techniques.

Cultural heritage (RT, L, NDT)
(16) Incomplete reference figures on the use of the technologies in the region.

(17) Lack of experience and knowledge regarding the appropriate use of the
technologies.

(18) Lack of institutional networks between custodians and the technology operators.
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(19) Limited knowledge of the technology among custodians.
Industrial processes and production (T, NCS, L)
(20) Limited availability of radiotracers.
(21) Restrictive regulation.
Natural resources (RP, T, NCS)
(22) Demonstration of the technology will take time.

(23) Groups need to be established for a long time for the development of capacity
(sustainability).

(24) Early stage of development in the region.
(25) The need to standardize certain processes and products (for commercial use).
Inspection technologies (NDT, NCS)

(26) Certification of staff training is not harmonized.

3. THREATS
Water (RP, T)
(1) Public acceptance of the radiation treatment of water is low.

(2) Compliance with laws and regulations concerning treatment of waste water and
sludge is weak.

Environment (RP, NCS)

(3) Other alternatives are available for the reduction of specific pollutants, but is only
limited to one.

Coastal engineering (T, NCS)

(4) The existence of alternative technologies (with lower yield but fewer regulations).
Advanced materials (RP)

(5) Competition from alternative technologies.
Medicine (RP)

(6) There are non-nuclear techniques for sterilization processes that may be cheaper.

Cultural heritage (RT, L, NDT)



(7) Perception of risk among possible end users regarding the benefits of the
technology.

(8)  Other non-nuclear techniques are available (but may not be the most effective).
Industrial processes and production (T, NCS, L)

(9) Perception of risk among possible end users regarding the benefits of the
technology.

(10) Authorizations from different national authorities are required.
Natural resources (RP, T, NCS)

(11) Perception of risk among possible end users regarding the benefits of the
technology.

(12) Facilities that use the technology must be licensed.

(13) Authorizations from different national authorities are required.
Inspection technologies (NDT, NCS)

(14) Increase in the cost of disposal.

(15) Increasingly restrictive regulations.

8.3.4. OPPORTUNITIES
Water (RP, T)

(1) The increase in waste water from human and industrial activities should be
addressed, and is one of the main challenges for the region.

(2) Regional need to improve the quality and availability of water resources.
(3) Helps to reduce waste and clean up the environment.
Environment (RP, NCS)

4 Industrialization increases the release of pollutants and this is why there is a
gI‘OWil’lg demand for technologles to reduce them.

Coastal engineering (T, NCS)

(5) Better understanding of the effects of climate change on the costs increases the need
for coastal management.

(6) Effect of population growth and activities near the coast.
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(7) Better sediment management is required because of the impact of deforestation on
soil erosion.

(8) The increase in foreign trade generates a need to develop, improve and manage port
infrastructure.

(9) Better coastal management has indirect effects on tourism.
Advanced materials (RP)

(10) Existing facilities can be used for the development of advanced materials tailored to
the specific needs of countries.

(11) Development of new advanced materials for new applications (for example,
production of hydrogels, fuel cells).

Medicine (RP)
(12) Countries of the region are updating their irradiation facilities.
(13) Irradiation of medical implements is necessary and there is a large demand for this.
(14) The technology is respectful of the environment.
Cultural heritage (RT, L, NDT)
(15) Involvement of government public service institutions (archives, research).

(16) Opportunities to establish links and cooperate with Portugal, France and the United
States (countries that already use this technology).

(17) High potential of visibility.
(18) Expansion of the tourist industry.
Industrial processes and production (T, NCS, L)
(19) Industrial development requires increased use of technologies.
(20) To combat climate change.
Natural resources (RP, T, NCS)

(21) The primary and secondary sectors are very important in the region. Considerable
potential exists to use natural polymers for the processing of raw materials in
industrial products.

(22) Economic incentive to use the technology.
(23) Respectful of the environment (could transform waste into a product).

(24) Potential association with the FAO.



(25) Marketing potential through the Southern Common Market (MERCOSUR) and the
North American Free Trade Agreement (NAFTA).

(26) Some countries have made progress while others have shown potential interest in
the technologies.

(27) The IAEA has an interest in the development and use of radiation technology for the
mining industry.

Inspection technologies (NDT, NCS)

(28) The need to introduce advanced technologies.

8.4. NEEDS/PROBLEMS

This section presents the results of the analysis undertaken on the basis of the SWOT analysis,
with identification of the needs/problems in the sector, their justification, objective and
indicator.

The needs/problems are set out in terms of the TOTAL GRADE of priority, in accordance
with the prioritization table in section V (Prioritization of needs/problems).

T1. The need to identify, outline and publicize the specific and strategic
opportunities and challenges in the region concerning the promotion and use of
radiation technology in priority applications.

Justification: A clear baseline concerning the specific and strategic opportunities and
challenges in the region is essential for the future development and application of radiation
technologies in the region itself. Furthermore, dissemination and promotion of information
concerning how these technologies can be used in different fields are important not only for
the development of the technologies but also in order to meet needs associated with cultural
heritage, natural resources, industrial processes and production, and inspection processes. The
preparation of a regional reference plan would make it possible to update the status of the use
of radiation technologies in the region, identify opportunities and propose a plan of action that
is disseminated and implemented by interested parties in order to identify the impact of the
ARCAL programme at the end of the cycle.

Objective: To prepare a regional reference plan with interested parties on the use of radiation
technologies, which identifies opportunities, benefits, prospects, challenges and needs in
terms of human resources training in the region, as well as the main strategies to be
implemented in order to expand these applications.

Indicator: Availability of a regional reference plan to identify opportunities for radiation
technologies in Latin America and the Caribbean.

T2. The need to increase the competitiveness of regional industries and reduce the
environmental impact.

Justification: Regional industries, such as mining, the processing, production and food and
agriculture industries, face a number of problems, including relatively low competitiveness,
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the impact of their activities on the environment, the poor quality of finished products,
inefficient energy consumption and scarcity of strategic minerals. For example, radioactive
tracers and nucleonic control systems can help to tackle the abovementioned problems, and
minimize their impact, from their origin through to their elimination.

Objective: To improve the competitiveness and quality of the products of regional industries
(natural resources, foods and products), reducing environmental impact, through the use of
radiation technologies in accordance with international practice.

Indicator: The number of countries and institutions/industries in the region that use radiation
technologies in industrial processes.

T3. The need to harmonize quality management procedures for the application of
radiation technologies in the region.

Justification: Harmonization of quality management procedures (QC/QA) is essential to
correct and reduce deficiencies and commercial barriers in the region within the context of
international trade.

Objective: To establish harmonized procedures for quality control, quality assurance and
quality management concerning the application of radiation technologies in the region.

Indicator: The number of countries implementing harmonized procedures for the application
of radiation technologies in accordance with international standards.

T4. To improve the quality of industrial goods and services, safety of operation and
protection of human life in the region.

Justification: Radiation technologies (NCS, NDT, T, RP) play an important role in general
quality control programmes and are essential in order to improve the safety of infrastructures
and structures and the competitiveness of regional industries within the international
normative framework.

Objective: To develop the use of advanced technologies and improve harmonization of
methodologies and training of staff in accordance with certification standards and regimes,
such as the new 2012 ISO 9712 standard on NDT.

Indicator: The number of countries that have established methodologies and an established
structure for the training of staff, in accordance with the new 2012 ISO 9712 for NDT and the
certification of processes using radiation technologies.

TS. To improve the use of the natural, renewable, non-toxic resources of the Latin
American and the Caribbean region for sustainable development.

Justification: Radiation technologies can contribute in an efficient, simple and affordable
manner to promoting the use of the region’s natural, renewable and non-toxic resources.
These technologies can be utilized for the preparation of products derived from or based on
natural polymers or wastes that could be used in areas, including health care (dressings),
agricultural applications, food conservation, cosmetics, water purification or environmental
remediation.
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Objective: To improve radiation processing of the region’s natural, renewable, and non-toxic
resources (natural polymers) to increase agricultural production, reduce waste and
contamination and improve health care, helping to clean up the environment and promote
other sustainable development solutions.

Indicator: The number of products developed in the region using radiation processing.

T6. To characterize and preserve the rich and vast cultural heritage of Latin
America and the Caribbean.

Justification: Radiation technologies can contribute in a simple, effective and affordable
manner to the characterization, conservation and restoration of cultural goods (paintings,
documents, artefacts, objects, etc.) throughout the region. The technologies already exist in
the region, as does the infrastructure, and there are successful cases that could be used as a
reference for the region.

Objective: To increase the use of irradiation treatment, analytical techniques and non-
destructive testing to help to preserve the rich and vast cultural heritage of Latin America and
the Caribbean.

Indicator: The number of countries that use radiation technologies to preserve the cultural
heritage in accordance with international good practice.

8.5. PRIORITIZATION OF THE NEEDS/PROBLEMS

The prioritization of the needs/problems in the sector is shown in Table 11.

111



ur sjonpoad

Jo uonjerpeln
oy 10§ seanpasoxd

dziuouwey
0} s3uneaw jurol
pue UOlBUIIISSIP

‘uoI1391 o1}
Jo juowdofoaap

‘uo1391
oy} I SIoLLIRq
opes} 9onpax

pue sainpasoxd

‘UO0I391 A1) UI SAIS0[0UYd}
uonerpel jo uonedrdde

€L

OIuIOU093 A} dZIuouLrey o 10§ sornpadoad juswoSeueu
108013 10J PION nNqIyuoo o], | 03 Aressadousri] | Ajjenb ozruourrey o3 padu Yy,
LS'LE 80°C 61'¢C 90°81 9y €9y ey 9y
“Joedur
[EJUOWITIOIIAUD
"uo1391 ‘Kyrenb oY) donpai
‘uoI1391 91} “Joedur o) ur pasn A[opm jonpoad saoxdurr | pue sassaoord
ur umouy| [[om jou [EJUOWIUIOIIAUD JSOW SI UOTJRIPRLII pue uor3ai oY) [ernsnput Jo
JIe SAI30[0UYd} 90Npal pue uoI3al BUWIWIEL) "pasnh ur Ansnput Jo ssauaAnIadwod Joeduwll [2JUSTIUOIIAUD 7L
uonerpelr oy Jo yuowdo[oAdp | Suraq are sanbruyody | ssousannoduios oy aseaIoul oY} 90Npal pue SaLISNpul
Jo suoneordde OTII0U099 MIJ A19A ‘UOI301 oY) 9seaIOUl 0} 0} paau Juadin [euor3ar Jo ssauaAnnaduIos
SnoLIe A oY} 0] AINQLIUOS O], | O[OUM U} S)IOIY® I] paou B ST Iy, ue S1019Y], JY} 9SBAIOUT 0) PAOU Y,
£0°by 8¢°C 0cC 0S°81 SL'Y I18¥ vy 0S¥
-a8ejLoy
[em3[no s, uo13ar oy
JO UOIJBAIOSUOD pUe
JUSUIUOIIAUD JY) JO
ared “‘of1y Jo Aynenb ‘uoI1391 “Joedur *SoI30[0UYd} ‘suoneordde Ayrornd
‘uoI1391 91} aroxdwr ‘uorgax o) ur pasn A[opm [BIUSWIUOIIAUD UuonjeIpeI JO 9sn u1 A30]0Ut09) UOLBIPEI JO asn
Ul umouy [[om jou oY) wr Ansnpur JSOU ST UOTJRIPB.LI Qonpal pue uonjowoid pue vonjowoid oy SUTUIdOU0D IL
JIe SAI30[0UYd} Jo ssouaAnnaduios BUWIWIEL) "pasn pue uor3ar oy o 10§ uo1391 91} ur so3ud[[eYo
uonerpelr oy asearour 03 djoy | Sureq a1e sonbruyosy | Jo juowrdooAdp ue[d oouaIgfoI pue sonrunjioddo 01303818
Jo suoneordde ueod SAI30[0uyd} MIJ A19A ‘U031 OIuIOU093 A} [euor3ar pue ogoads o azorqnd
SnoLIe A UOlRIPEI JO SN AU, | O[OyM U} SI09He )] | 03 9INqQIIu0d O], ou s1 a1y ], pue QUI[INO ‘AJIUSPI 0} PIOU Y],
0Lov 01°c 8¢'C 8¢°61 0°¢ 18 69'Y 88'Y
AV g | avmnonaa | TV | gonvaatas INALXA ANIL ALMAATS WATE0Ud/ATAN N
TVNIA TVIOL

103035 A30[0uyo9) UoNRIPRI AU} Ul SWI[qoId/Spasu oy} JO UONRZIILIOL] ‘[ [ J[qeL

@\l

—
—



113

IoJ sanbruyooy

*S90IN0SAT 1509 2Annadwod ‘uoneAosaid 1o paoueApe
uewiny jo sururen € Je o131 uo1BZ110JoRIeYd 10J 'so130[0Uyo9} Jo yoe|
pue oIonyseul oy} Jo a3eiLIoYy pasn a1e sa130]0UY9) JAT)ONIISOP 9y} 03 anp Is0] ‘ueaqqLIe)) oy}
‘so13o[outo9} oy [eJn[no jseA pue uoneIpes -uou pue u%0q sey uoIo1 | pue eOLIOWY une jo o3eyey | 9L
JO uonRUIWASSIP [oLI o) dA10s91d Jwos ‘uor3ar oy PIOUBADE AR oy} Jo a3ejIoYy [eII[NO JSeA PUE YOLI AU}
Jo yoeq 03 Jueroduur SI 3] ul Soseo pajejost u] | 03 Jueproduul SI 3] [eamno Ay, oA19s01d pue 9Z119)0BIBYD O],
66°8¢ L1 96°C S6791 8¢Y 69Y 0y 88°¢
‘uo0139191)) JO
ssauaAnIndwod
oy} aaoxdurt pue
uoleUIERIUOD
sonpai 03 djoy
‘s1owk[od 0} s1owk[od
[eanjeu [eanjeu
*S90INOSAI Jo Surssaooad 0IX0)-UOU S® SL
uewny jo sururen ‘Ansnpur UOIJBIPBIJO 9SN | T[ONS ‘S90IN0SAI JuowdooAdp o[qeure)sns
QImonmnseyur pue amynorige ‘uo0I391 91 Ul o[qeygod ayy [eInjeu IoJ uor3al1 ueaqque)) pue
‘so13o[outod} oy QIed [)[BOY UI pasn | SOSBO Paje[osI Ul pasn Joj A1essooou 9[qeMOURI SN BOLIOWY UIJe] 9} JO SOOINO0SAT
JO uorRUIIASSIP 9q ued sowAjod ST s1owAjod [eImjeu Jo | oIe saIo[ouyod) | 0} pasu juadin OIX0)-UOU ‘Q[qBMAUAI ‘[eINjBU
Jo yoeq [eangeu o1x0)-uoN | Surssaooid uonerpey paduBAPY ue S1019Y], oY) Jo osn ayy oaoxdwt o,
6¢°1¢ 08’1 vr'C Pl 8¢Y Y6’y 18°¢ ey
‘paroxduwir oq
‘uo1391 ‘paaoxduur 4 ASojouyoay
o) w [ouuosod 9q [[4 ASojouyody ‘pazipiepue)s uonerpelr ‘uoI1391
Jo Sururen uorjeIper Jo 9q 03 paau Joosnoy oY) wr [ouuosod ‘uo1391
oy} J0J pIepuels osn oy} jo syyouaq | [ouuosiad jo Sururen | Jo s)yousq pue Jo Sururen oy oy} uI 9J1] uewny Jo uonoajoid
Mau oy} A[opim pue AouoIonJo oy 10§ seanpasoxd Kouarongo a1y IoJ aanpaooad pue uonjerado Jo Kyo5es rL
QIOW JJBUTWISSIP oy Is1xd [ouuosiad o) ‘uor3al 9s1%9 Jouuostod pazipiepue)s ‘SOOIAISS PUE SPO03 [eLHShpuUl
0] POaU B ST A1 ], paygrenb axoym o[oym a3 s10ege I | pagIenb aroym ou ST 9I9Y ], Jo Aypenb oy oroadwr o,
reoy §TT 00°C £€6°L1 0S¥ I8 ey ey
‘SpJepue)s
[euonRUINIUL

)M 90UBPIOOI.




"UOIJRAIISUOD
pue uoneardsaxd
“UOTIBZLID)ORIRTD

114




[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

REFERENCES

ECONOMIC COMMISSION FOR LATIN AMERICA AND THE
CARIBBEAN, Gripe aviar: los impactos comerciales de las barreras sanitarias y
los desafios para América Latina y el Caribe, International Trade Series No. 76,
CEPAL, Naciones Unidas, Santiago de Chile (2006).

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS,
FAOSTAT Statistical Database (2013).

Available at: http://faostat.fao.org/site/567/default.aspx#ancor
FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS,

World agriculture towards 2030/2050: the 2012 revision, ESA Working Paper
No. 12-03, Nikos Alexandratos and Jelle Bruinsma (Global Perspective Studies
Team), FAO, Rome (2012).

Available at: http://www.fao.org/docrep/016/ap106e/ap106e.pdf

UNITED NATIONS ENVIRONMENT PROGRAMME, Latin American and the
Caribbean: Environment Outlook (GEO LAC 3), UNEP, Panama City (2011).
Available at: http://www.unep.org/pdf/geolac_3_english.pdf

ORGANISATION FOR ECONOMIC CO-OPERATION AND
DEVELOPMENT, Fostering Productivity and Competitiveness in Agriculture,
OECD, Paris (2011).

Available at: http://dx.doi.org/10.1787/9789264166820-en
FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS,

Road Map for the New World Screwworm (NWS) Cochliomyia hominivorax
Suppression and Progressive Eradication in the Western Hemispheric Endemic
Zones, FAO, Rome (2011).

MASTRANGELO, T., et al., Feasibility of using a Caribbean screwworm for SIT
campaigns in Brazil, J. Med. Entomol. 49 6 (2012) 1495-1501.
INTERNATIONAL FERTILIZER INDUSTRY ASSOCIATION, World
Nutrients Consumption Statistics, IFA (2013).

Available at: http://www.{fertilizer.org/ifa/statistics/IFADATA/dataline.asp
ALVAREZ, C., COSTANTINI, A., ALVAREZ, C.R., ALVES, B.J.R.,

JANTALIA, C.P., URQUIAGA, S., MARTELLOTTO, E.E., Soil nitrous oxide
emissions under different management practices in the semiarid region of the
Argentinian Pampas, Nutri. Cycl. Agroecosyst. 94 (2012) 209-220.

ALVES, B.J.R., BODDEY, R.M., URQUIAGA, S., The success of BNF in
soybean in Brazil, Plant Soil 252 (2003) 1-9.

ALVES, B.J.R., ZOTARELLI, L., BODDEY, R.M., URQUIAGA, S., “Soybean
benefit to a subsequent wheat crop in a cropping system under zero tillage”,
Nuclear techniques in integrated plant nutrient, water and soil management, C&S
Papers Series 11/P, IAEA, Vienna (2002) 87-93.

URQUIAGA, S., ZAPATA, F., Manejo eficiente de la fertilizacion nitrogenada de
cultivos anuales en América Latina y el Caribe, Genesis, Porto Alegre/Embrapa
Agrobiologia, Rio de Janeiro (2000) 110 pp.

115



116

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ALVES, B..R., ZOTARELLI, L., JANTALIA, C.P., BODDEY, R.M,,
URQUIAGA, S., “Emprego de Isotopos Estaveis para o Estudo do Carbono e do
Nitrogénio no Sistema Solo-Planta”, Processos Bioldgicos no Sistema Solo-Planta
— Ferramentas para uma Agricultura Sustentavel (AQUINO, A.M., ASSIS, R.L.,
Eds), Embrapa Informagao Tecnolédgica, Brasilia (2005) 343-368.

BODDEY, R.M., PEOPLES, M.B., PALMER, B., DART, P.J., Use of the °N
natural abundance technique to quantify biological nitrogen fixation by woody
perennials, Nutri. Cycl. Agroecosyst. 57 (2000) 235-270.

CHALK, P.M., ALVES, B.J.R., BODDEY, R.M., URQUIAGA, S., Integrated
effects of abiotic stresses on inoculant performance, legume growth and symbiotic
dependence estimated by "°N dilution, Plant Soil 328 (2010) 1-16.

URQUIAGA, S., JANTALIA, C.P., RESENDE, A.S., ALVES, B.JR,
BODDEY, R.M., “Contribuicdo da Fixacdo Biologica de Nitrogénio na
Produtividade dos Sistemas Agricolas na América Latina”, Processos Biologicos
no Sistema Solo-Planta — Ferramentas para uma Agricultura Sustentivel
(AQUINO, A.M., ASSIS, R.L., Eds), Embrapa Informagdo Tecnologica, Brasilia
(2005) 181-200.

URQUIAGA, S., XAVIER, R.P., MORAIS, R.F. de, BATISTA, R.B.,
SCHULTZ, N., LEITE, JM., MAIA E SA, J., BARBOSA, K. P., RESENDE,
A.S. de, ALVES, B.J.R, BODDEY, R.M., BODDEY, R.M., Evidence from field
nitrogen balance and '°N natural abundance data for the contribution of biological
N, fixation to Brazilian sugarcane varieties, Plant Soil 356 (2012) 5-21.
ZOTARELLI, L., ZATORRE, N.P.,, BODDEY, R.M., URQUIAGA, S.,
JANTALIA, C.P., FRANCHINI, J.C., ALVES, B.J.R., Influence of no-tillage and
frequency of a green manure legume in crop rotations for balancing N outputs and
preserving soil organic C stocks, Field Crops Res. 132 (2012) 185-195.
ANDRELLO, A.C., APPOLONI, C.R., GUIMARAES, M.F., Uso do césio-137
para avaliar taxas de erosdo em cultura de soja, café e pastagem, Rev. Bras. Ciénc.
Solo 27 (2003) 223-229.

FOOD AND AGRICULTURAL ORGANIZATION OF THE UNITED
NATIONS/INTERNATIONAL ATOMIC ENERGY AGENCY, Nuclear
Techniques Programme in Food and Agriculture, FAO/IAEA (2007).

Available at: http://www-naweb.iaea.org/nafa/aph/stories/2005-fmd-
serumbank.html.

GOMEZ-PANDO, L., EGUILUZ, A., JIMENEZ, J., FALCONI, J., HEROS
AGUILAR, E., “Barley (Hordeun vulgare) and Kiwicha (Amaranthus caudatus)
Improvement by Mutation Induction in Peru”, Induced Plant Mutations in the
Genomics Era (SHU, Q.Y ., Ed.), FAO, Rome (2009).

GLOBAL FRAMEWORK FOR THE PROGRESSIVE CONTROL OF
TRANSBOUNDARY ANIMAL DISEASES, Global Frontiers — Trans-
Boundary Animal Diseases: Vision and Strategic Lines of Action, World
Organisation for Animal Health (OIE) Regional Representation for the Americas,
(2007).




[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Available at: http://www.rr-americas.oie.int/in/proyectos/gf tads/.
FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS,

WORLD ORGANISATION FOR ANIMAL HEALTH, WORLD HEALTH
ORGANIZATION, High-Level Technical Meeting to Address Health Risks at the
Human—Animal-Ecosystems Interfaces — Mexico City, Mexico, 15-17
November 2011, FAO/OIE/WHO, (2012).

Available at:
http://apps.who.int/iris/bitstream/10665/78100/1/9789241504676_eng.pdf?ua=1.
PAN AMERICAN FOOT-AND-MOUTH DISEASE CENTER, Informe Final de
la Comision Sudamericana para la Lucha contra la Fiebre Aftosa [Final Report of

the South American Commission for the Control of Foot-and-Mouth Disease],
Veterinary Public Health Unit, PAHO/WHO, (2006).

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS,
EMPRES Transboundary Animal Diseases Bulletin No. 41, FAO Animal
Production and Health Division, Rome (2012).

Available at: http://www.fao.org/docrep/017/i2910¢/i2910e.pdf.

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS,
El impacto economico de la EEB en el sector agropecuario — Proyecto
TCP/RLA/0177, “Evaluacion y Reforzamiento del Sistema de Prevencion de la
Encefalopatia Espongiforme Bovina (EEB) y el Sistema de Control de Calidad de
Piensos” [Economic Impact of BSE in the Agricultural Sector — Project
TCP/RLA/0177, “Evaluation and Reinforcement of the Prevention System for
Bovine Spongiform Encephalopathy (BSE) and the Animal Feed Quality Control
System”], FAO Regional Office for Latin America and the Caribbean (2003).
HEMISPHERIC PROGRAM FOR THE ERADICATION OF FOOT-AND-
MOUTH DISEASE (PHEFA). Action Plan 2011-2020., Pan American Foot-and-
Mouth Disease Center.

Available at: http://bvsl.panaftosa.org.br/local/File/textoc/PHEFA-PlanAccion-
2011-2020ing.pdf.

VILJOEN, G.J., LUCKINS, A.G., The role of nuclear technologies in the
diagnosis and control of livestock diseases — a review, Trop. Anim. Health Prod.
44 (2012) 1341-1366.

FOOD AND AGRICULTURE ORGANIZATION, Global aquaculture outlook in
the next decades: an analysis of national aquaculture production forecasts to 2030
FAO Fisheries Circular No. 1001, Rome (2004).

LATIN AMERICAN ORGANIZATION FOR FISHERIES DEVELOPMENT,
Estudio Sobre la Contribucion y Potencialidad de los Productos Pesqueros a la
Alimentacion en América Latina y el Caribe, OLDEPESCA (2005).

CENTRAL AMERICAN ORGANIZATION FOR THE FISHING AND
AQUACULTURE SECTOR, Regional review on aquaculture development. 1.
Latin America and the Caribbean — 2005, FAO Fisheries Circular No. 1017/1,
FAO, Rome (2006).

117



118

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]

WURMANN, C.G., Regional Review on Status and Trends in Aquaculture
Development in Latin America and the Caribbean — 2010/ Revisiéon Regional
sobre la Situacion y Tendencias en el Desarrollo de la Acuicultura en América
Latina y el Caribe — 2010, FAO Fisheries and Aquaculture Circular No. 1061/3,
FAO, Rome (2011).

WORLD ORGANISATION FOR ANIMAL HEALTH, Report of the Aquatic
Animals Health Standards Commission, OIE, (2006).

PAN AMERICAN HEALTH ORGANIZATION/WORLD HEALTH
ORGANIZATION, Health in the Americas: 2012 Edition — Regional Overview
and Country Profiles., PAHO Scientific and Technical Publication No. 636,
PAHO/WHO, Washington, (2013).

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER, GLOBOCAN
cancer fact sheets.

Available at: http://globocan.iarc.fr/Pages/fact_sheets population.aspx

WORLD HEALTH ORGANIZATION, Global Targets 2025: To improve
maternal, infant and young child nutrition, WHO, (2013).

Available at: http://www.who.int/nutrition/topics/nutrition_globaltargets2025/en/
WORLD HEALTH ORGANIZATION, Diet and physical activity: a public health
priority, WHO, (2013).

Available at: http://www.who.int/dietphysicalactivity/en/

INTERNATIONAL ATOMIC ENERGY AGENCY, DIRAC (Directory of
Radiotherapy Centres).

Available at: http://www-naweb.iaea.org/nahu/dirac/
INTERNATIONAL ATOMIC ENERGY AGENCY, El fisico médico: Criterios y

recomendaciones para su formacion académica, entrenamiento clinico y
certificacion en América Latina, IAEA Human Health Reports No. 1, IAEA,
Vienna (2010).

WORLD HEALTH ORGANIZATION, Global Action Plan for the Prevention
and Control of Noncommunicable Diseases 2013-2020, WHO, (2013).

Available at:
http://apps.who.int/iris/bitstream/10665/94384/1/9789241506236_eng.pdf
INTERNATIONAL ATOMIC ENERGY AGENCY, Radiation Protection and
Safety of Radiation Sources: International Basic Safety Standards — Interim
Edition, IAEA Safety Standards Series No. GSR Part 3 (Interim), IAEA, Vienna
(2011).

MATA, J.L., CAMPOS, M., “Latin America”, Climate Change 2001: Impacts,
Adaptation, and Vulnerability (McCARTHY, J.J., CANZIANI, O.F., LEARY,
N.A., DOKKEN, D.J., WHITE, K.S. Eds), Cambridge University Press (for the
Intergovernmental Panel on Climate Change), New York (2001)

Available at: http://www.grida.no/climate/ipcc_tar/wg2/pdf/wg2 TARchap14.pdf.
World Bank website: http://datos.bancomundial.org/region/LAC

UNITED NATIONS, The Millennium Development Goals Report 2013, UN,
New York (2013).




[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Available at:
http://www.un.org/es/millenniumgoals/pdf/mdg-report-2013-spanish.pdf
ORGANISATION FOR ECONOMIC CO-OPERATION AND
DEVELOPMENT, UNITED NATIONS ECONOMIC COMMISSION FOR
LATIN AMERICA AND THE CARIBBEAN, Latin American Outlook 2013:
SME Policies for Structural Change, OECD/ECLAC, (2013).

Available at: http://www.oecd-ilibrary.org/development/latin-american-economic-
outlook-2013 leo-2013-en.

ECONOMIC COMMISSION FOR LATIN AMERICA AND THE
CARIBBEAN, Economic Survey of Latin America and the Caribbean 2013,
ECLAC, (2013).

Available at:

http://www.eclac.org/cgi-
bin/getprod.asp?xml=/publicaciones/xml/3/50483/P50483.xml&xsl=/publicacione
s/ficha-i.xsl&base=/publicaciones/top_publicaciones-i.xsl#.

INTER-AMERICAN DEVELOPMENT BANK, Annual Report 1999, IDB,
(2000).

Available at: http://www.iadb.org/exr/ar99/ar99home.htm.

GEBARA, A., et al, “Design and Implementation of an Effective Regional
Monitoring Program for Pesticide Residues in Food”, Proceedings of International
Workshop on Crop Protection Chemistry in Latin America, San José, Costa Rica
(14-17 February 2005).

Available at: www.iupac.org/indexes/conferences

WORLD HEALTH ORGANIZATION, The World Health Report 2002 —
Reducing Risks, Promoting Healthy Life, WHO, (2002).

Available at: www.who.int.

SAN MARTIN, O., Water Resources in Latin America and the Caribbean: Issues
and Options, Inter-American Development Bank, (2002).

Available at:

http://waterwiki.net/images/a/a2/IT[WRM4 LAandCARRIBEAN TADB_SanMarti
nWater.pdf.

PHILLIPS McDOUGALL, The Global Crop Protection Market — Industry
Prospects.

Available at: http://www.cpda.com/.

BRODESSER, J., et al., An integrated catchment approach to address pesticide
issues, Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture.
Available at: www.cipac.org.

ABARCA, S., “Agricultural intensification in the Central American tropics”,
Proceedings of International Workshop on Crop Protection Chemistry in Latin
America, San José, Costa Rica (14—17 February 2005).

Available at: www.iupac.org/indexes/conferences

119



120

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

DOS SANTOS UTMAZIAN, M.N., WENZEL, W.W., “Phytoextraction of metal
polluted soils in Latin America”, Paper presented at Second Meeting of FAO
Working Party on Environmental Applications of Poplars and Willows (Northern
Ireland, 18-20 May 2006).

Available at: http://www.fao.org/forestry/44636/en/.

Subsequently published as: DOS SANTOS UTMAZIAN, M.N., WENZEL,
W.W., Cadmium and zinc accumulation in willow and poplar species grown on
polluted soils, J. Plant Nutr. Soil Sci. 170 (2007) 265-272.

MONGE, G., Solid Waste Management in Latin America and the Caribbean:
Scenarios and Outlook, Waste and Energy No. 2: 12, (2004).

Available at:
http://www.cep.unep.org/publications-and-resources/databases/document-
database/other/waste-latin-america-caribbean.pdf.

BICKEL, S.E., CATTERSON, T., CROW, M., FISHER, W., LEWANDOWSKI,
A., STOUGHTON, M., TAYLOR, C., “Solid waste collection and disposal
system”, Environmental Issues and Best Practices for Solid Waste Management,
Environmental Guidelines for the USAID Latin America and Caribbean Bureau,
(2003).

UNITED NATIONS ENVIRONMENTAL PROGRAMME, GEO Year Book
2006.

ECONOMIC COMMISSION FOR LATIN AMERICA AND THE
CARIBBEAN, Statistical Yearbook for Latin America and the Caribbean 2012,
ECLAC, Santiago de Chile (2012).

INTERNATIONAL ENERGY AGENCY, World Energy Outlook 2012,
OECD/IEA, Paris (2012). Available at: www.iea.org.

LATIN AMERICAN ENERGY ORGANIZATION, ENERGY-ECONOMIC
INFORMATION SYSTEM, OLADE/SIEE Statistics 2010, Versién No. 20, Quito
(2010). Available at: www.olade.org/siee@olade.org.

INTERNATIONAL ENERGY AGENCY, Energy Technology Perspectives 2010:
Scenarios & Strategies to 2050, OECD/IEA, Paris (2010).

INTERNATIONAL ATOMIC ENERGY AGENCY, Energy, Electricity and
Nuclear Power Estimates for the Period up to 2050, Reference Data Series No. 1,
IAEA, Vienna (2012).

NATIONAL ATOMIC ENERGY COMMISSION, Sintesis Nuclear No. 1,
CONEA, Buenos Aires (2013).

MINISTRY OF ENERGY, Prospectiva del Sector Eléctrico 2012-2026, Mexico
City (2012). Available at:

http://sener.gob.mx/res/PE_y _DT/pub/2012/PSE 2012 2026.pdf.

ENERGY RESEARCH COMPANY, Balan¢o Energético Nacional — 2012.
Available at: www.epe.gov.br.

INTERNATIONAL ATOMIC ENERGY AGENCY, Specific Considerations and
Milestones for a Research Reactor Project, IAEA Nuclear Energy Series
No. NP-T-5.1, IAEA, Vienna (2012).




[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]
[79]

[80]

[81]

INTERNATIONAL ATOMIC ENERGY AGENCY, Safety in the Utilization and
Modification of Research Reactors, IAEA Safety Standards Series No. SSG-24,
IAEA, Vienna (2012).

ARCAL CXIX PROJECT RLA/0/037, Informe final, Produccién y usos de
radioisotopos producidos en reactores de investigacion en América Latina y el
Caribe, (March 2013).

INTERNATIONAL ATOMIC ENERGY AGENCY, Fundamental Safety
Principles, IAEA Safety Standards Series No. SF-1, IAEA, Vienna (2006).
INTERNATIONAL ATOMIC ENERGY AGENCY, Governmental, Legal and
Regulatory Framework for Safety, IAEA Safety Standards Series No. GSR Part 1,
IAEA, Vienna (2010).

INTERNATIONAL ATOMIC ENERGY AGENCY, Radiation Protection and
Safety of Radiation Sources: International Basic Safety Standards — Interim
Edition, IAEA Safety Standards Series No. GSR Part 3 (Interim), IAEA, Vienna
(2011).

INTERNATIONAL ATOMIC ENERGY AGENCY, Predisposal Management of
Radioactive Waste, IAEA Safety Standards Series No. GSR Part 5, IAEA, Vienna
(2009).

INTERNATIONAL ATOMIC ENERGY AGENCY, Radioisotope applications
for troubleshooting and optimizing industrial processes [Brochure], IAEA, Vienna
(2002).

INTERNATIONAL ATOMIC ENERGY AGENCY, Tracer applications in oil
field investigations [Brochure], IAEA, Vienna (2003).

INTERNATIONAL ATOMIC ENERGY AGENCY, Radiotracer applications for
leak detection [Brochure], [AEA, Vienna (2004).

INTERNATIONAL ATOMIC ENERGY AGENCY, Diagnosis of industrial
reactors by radiotracers: RTD applications [Brochure], IAEA, Vienna (2005).
THYN, J., ZITNY, R. et.al, Analysis and Diagnostics of Industrial Processes by
Radiotracers and Radioisotope Sealed Sources, Vydavatelstvi CVUT, Prague
(2000).

CAILLOT, A., La radioactivité au service de I'industrie et de I’environnement,
Lavoisier, Paris (2002).

JOHANSEN, G.A., JACKSON, P., Radioisotope Gauges for Industrial Process
Measurements, John Wiley & Sons, (2004).

CLELAND, M.R., “Industrial Applications of Electron Accelerators”,
Presentation delivered at CERN Accelerator School, Zeegse, Netherlands
(24 May-2 June 2005)

Available at:
http://cas.web.cern.ch/cas/Holland/PDF-lectures/Cleland/School-2.pdf.
INTERNATIONAL ATOMIC ENERGY AGENCY, Application of Radiotracer
Techniques for Interwell Studies, IAEA Radiation Technology Series No. 3,
IAEA, Vienna (2012).

121



122

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

INTERNATIONAL ATOMIC ENERGY AGENCY, Radiotracer Generators for
Industrial Applications, IAEA Radiation Technology Series No. 5, IAEA, Vienna
(2013).

INTERNATIONAL ATOMIC ENERGY AGENCY, The thin layer activation
method and its applications in industry, IJAEA-TECDOC-924, IAEA, Vienna
(1997).

INTERNATIONAL ATOMIC ENERGY AGENCY, Emerging new applications
of nucleonic control systems in industry, IAEA-TECDOC-1142, TAEA, Vienna
(2000).

INTERNATIONAL ATOMIC ENERGY AGENCY, Integration of tracing with
computational fluid dynamics for industrial process investigation, TAEA-
TECDOC-1142, IAEA, Vienna (2004).

INTERNATIONAL ATOMIC ENERGY AGENCY, Technical data on nucleonic
gauges, IAEA-TECDOC-1459, IAEA, Vienna (2005).

INTERNATIONAL ATOMIC ENERGY AGENCY, Industrial Process Gamma
Tomography, IAEA-TECDOC-1589, IAEA, Vienna (2008).

INTERNATIONAL ATOMIC ENERGY AGENCY, Radiotracer technology as
applied to industry, IAEA-TECDOC-1262, IAEA, Vienna (2001).
INTERNATIONAL ATOMIC ENERGY AGENCY, Radiotracer Residence Time
Distribution Methods for Industrial and Environmental Applications, Training
Course Series No. 31, IAEA, Vienna (2008).

INTERNATIONAL ATOMIC ENERGY AGENCY, Leak Detection in Heat
Exchangers and Underground Pipelines Using Radiotracers, Training Course
Series No. 38, IAEA, Vienna (2009).

INTERNATIONAL ATOMIC ENERGY AGENCY, Radiotracer Applications in
Wastewater Treatment Plants, Training Course Series No. 49, TAEA, Vienna
(2011).

INTERNATIONAL ATOMIC ENERGY AGENCY, Non-destructive Testing: A
Guidebook for Industrial Management and Quality Control Personnel, Training
Course Series No. 9, IAEA, Vienna (1999).

INTERNATIONAL ATOMIC ENERGY AGENCY, Ultrasonic Testing of
Materials at Level 2 — Manual for the Syllabi Contained in IAEA-TECDOC-628
“Training Guidelines in Non-destructive Testing Techniques”, Training Course
Series No. 10, IAEA, Vienna (1999).

INTERNATIONAL ATOMIC ENERGY AGENCY, Industrial Radiography —
Manual for the Syllabi Contained in ITAEA-TECDOC-628 “Training Guidelines in
Non-destructive Testing Techniques”, Training Course Series No. 3, TAEA,
Vienna (2000).

INTERNATIONAL ATOMIC ENERGY AGENCY, Liquid Penetrant and
Magnetic Particle Testing at Level 2 — Manual for the Syllabi Contained in
IAEA-TECDOC-628 “Training Guidelines in Non-destructive Testing
Techniques”, Training Course Series No. 11, IAEA, Vienna (2000).



[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]
[108]
[109]

[110]

INTERNATIONAL ATOMIC ENERGY AGENCY, Guidebook for the
Fabrication of Non-Destructive Testing (NDT) Test Specimens, Training Course
Series No. 13, IAEA, Vienna (2001).

INTERNATIONAL ATOMIC ENERGY AGENCY, Non-destructive testing for
plant life assessment, Training Course Series No. 26, IAEA, Vienna (2005).
INTERNATIONAL ATOMIC ENERGY AGENCY, Guidebook for Establishing
a Sustainable and Accredited System for Qualification and Certification of
Personnel for Non-Destructive Testing, Training Course Series No. 34, IAEA,
Vienna (2009).

INTERNATIONAL ATOMIC ENERGY AGENCY, Non-Destructive Testing:
Sample Questions for Conduct of Examinations at Levels 1 and 2, Training
Course Series No. 45, IAEA, Vienna (2010).

INTERNATIONAL ATOMIC ENERGY AGENCY, Eddy Current Testing at
Level 2: Manual for the Syllabi Contained in [AEA-TECDOC-628/Rev.2
“Training Guidelines for Non-Destrutive Testing Techniques”, Training Course
Series No. 48, IAEA, Vienna (2011).

INTERNATIONAL ATOMIC ENERGY AGENCY, Training Guidelines in
Non-destructive Testing Techniques: Leak Testing at Level 2, Training Course
Series No. 52, IAEA, Vienna (2012).

INTERNATIONAL ATOMIC ENERGY AGENCY, Training Guidelines in
Non-Destructive Testing Techniques: Manual for Visual Testing at Level 2,
Training Course Series No. 54, IAEA, Vienna (2013).

INTERNATIONAL ATOMIC ENERGY AGENCY, Training guidelines in
non-destructive testing techniques, IAEA-TECDOC-628, IAEA, Vienna (1991).
INTERNATIONAL ATOMIC ENERGY AGENCY, Training guidelines in
non-destructive testing techniques: 2002 Edition, IAEA-TECDOC-628/Rev.1,
IAEA, Vienna (2002).

INTERNATIONAL ATOMIC ENERGY AGENCY, Training Guidelines in
Non-destructive Testing Techniques: 2008 Edition, IAEA-TECDOC-628/Rev.2,
IAEA, Vienna (2008).

INTERNATIONAL ATOMIC ENERGY AGENCY, Development of protocols
for corrosion and deposits evaluation in pipes by radiography, IAEA-TECDOC-
1445, IAEA, Vienna (2005).

WORLD BANK, World Bank Indicators.

Available at: http://data.worldbank.org/indicator.

WORLD BANK, “América Latina y el Caribe” Datos, Web. 6, (2014).

Available at: http://datos.bancomundial.org/region/LAC

UNITED NATIONS, World Population Prospects: The 2008 Revision, UN, New
York (2009).

UNITED NATIONS, World Population Prospects: The 2012 Revision, UN, New
York (2013). Available at: http://esa.un.org/wpp/.

123



[111] ECONOMIC COMMISSION FOR LATIN AMERICA AND THE
CARIBBEAN, Statistical Yearbook for Latin America and the Caribbean 2012,
ECLAC, Santiago de Chile (2012).

124



BIBLIOGRAPHY

The following documents are not referred to in the text but were also consulted.

ABDEL-WAHAB, M., BOURQUE, J.M., PYNDA, Y., IZEWSKA, J.,, VAN DER
MERWE, D., ZUBIZARRETA, E., ROSENBLATT, E., Status of radiotherapy
resources in Africa: an International Atomic Energy Agency analysis, Lancet Oncol. 14
(2013) 168-175

Available at: www.thelancet.com/oncology

BODDEY, R. M., JANTALIA, C. P., CONCEICAOQ, P. C., ZANATTA, J. A., BAYER,
C., MIELNICZUK, J., DIECKOW, J., DOS SANTOS, H. P., DENARDIN, J. E., AITA,
C., GIACOMINI, S. J., URQUIAGA, S., ALVES, B. J. R., Carbon accumulation at
depth in Ferralsols under zero-till subtropical agriculture. Global Change Biology, v.16,
p.784 —795 (2010).

BODDEY .M., XAVIER, D.M., ALVES B.J.R., URQUIAGA S., Brazilian agriculture:
The transition to sustainability. Journal of Crop Production, 9(1/2): 593-621 (2003).

CATTIVELLI, L., RIZZA, F., BADECK, F. MAZZUCOTELLI E.,
MASTRANGELO, A.M, FRANCIA, E., MARE, C., TONDELLI, A. STANCA, M..
Drought tolerance improvement in crop plants: An integrated view from breeding to
genomics, Field Crops Research, Volume 105, Issues 1-2, 2 January 2008, 1-14 (2008).

DYE, L., D. & PACKER, J., S. P. “Project portfolio management: selecting and
prioritizing projects for competitive advantage”. West Chester, PA: Center for Business
Practices (1999).

EUROPEAN COMMISSION, The Rapid Alert System for Food and Feed, 2011
Annual Report
http://ec.europa.eu/food/food/rapidalert/docs/rasff annual report 2011 en.pdf (2011)

EUROPEAN ORGANISATION FOR RESEARCH AND TREATMENT OF CANCER
(EORTC), Radiation Oncology Group. Profile of European radiotherapy departments
contributing to the EORTC Radiation Oncology Group (ROG) in the 21st century.
Available at: www.thegreenjournal.com.

EUROPEAN SOCIETY FOR RADIOTHERAPY AND ONCOLOGY (ESTRO),
Project. Towards evidence-based guidelines for radiotherapy infrastructure and staffing
need in Europe: the ESTRO QUARTS Project. Available at: www.thegreenjournal.com.

— Project. Overview of national guidelines for infrastructure and staffing of
radiotherapy. ESTRO-QUARTS:Work package 1. www.thegreenjournal.com.

FEDERAL COURT OF ACCOUNTS, Técnicas de andlise de problemas para
auditorias, TCU/SEGECEX/SEAUD, Brasilia (2013).

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS

125



http://www.rlc.fao.org/es/conozca-fao/conferencia-regional/ (2013)

Areas of Priority Actions for Latin America and the Caribbean for the Following
Biennium (2014-2015), taking into account the summary of Recommendations of
Regional Technical Commissions, 32nd session of the FAO Regional Conference for
Latin America and the Caribbean, Buenos Aires, Argentina, 26-30 March 2012.
Available at: http://www.fao.org/docrep/meeting/024/md240e.pdf.(2012).

Reports for 2012: http://www.fao.org/bodies/rc2012/larc32/en/.

“Latin America and the Caribbean”, State of the World’s Forests, FAO, Rome (2007)
36-47.
Available at: ftp://ftp.fao.org/docrep/fao/009/a0773¢/a0773e05.pdf.

Guia para la prevencion y el control de la gripe aviar en la avicultura de pequena escala
en América Latina y el Caribe [A Guide for the Prevention and Control of Avian Flu in
Small-scale Poultry], (2006).

Trends and Challenges in Agriculture, Forestry, Fisheries and Food Security in Latin
America and the Caribbean, 29th session of the FAO Regional Conference for Latin
America and the Caribbean, Caracas, Venezuela, 24-28 April 2006.

Informe de la Reunidon Ad Hoc de la Comision de Pesca Continental para América
Latina sobre la Expansion de los Diferentes Tipos de Acuicultura Rural en Pequena
Escala como Parte del Desarrollo Rural Sostenido, FAO Fisheries Report No. 694,
Central American Organization for the Fishing and Aquaculture Sector (OSPESCA),
Santiago de Chile (2002).

GALVAO, A.P.M., Priorizagio de acdes de pesquisa, Documentos 41, Embrapa
Florestas, Colombo (2000).

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE, Climate Change 2007:
Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge
University Press, Cambridge, United Kingdom/New York, NY (2007).

INTERNATIONAL ATOMIC ENERGY AGENCY (IAEA). Planning National
Radiotherapy Services: A Practical Tool, IAEA Human Health Series No. 14, IAEA,
Vienna (2011).

— Setting Up a Radiotherapy Programme: Clinical, Medical Physics, Radiation
Protection and Safety Aspects, [AEA, Vienna (2008).

— IAEA Safety Glossary, IAEA, Vienna (2007)

— Radiotracer Applications in Industry — A Guidebook, Technical Reports Series
No. 423, IAEA, Vienna (2004).

— Guidebook on Radioisotope Tracers in Industry, Technical Report Series No. 316,
IAEA, Vienna (1990).

126



LANCET ONCOLOGY COMMISSION, La planificacién del control del céancer en
América Latina y el Caribe, Lancet Oncol. 14 (2013) 391-436.
Available at: www.thelancet.com/oncology.

MONTALDO, HH., CASAS, E., FERRAZ, JB.S. VEGA-MURILLO, V.E,
ROMAN-PONCE, S.I., Opportunities and challenges from the use of genomic selection
for beef cattle breeding in Latin America, Animal Frontiers 2 (2012) 23-29.

NATIONAL RESEARCH COUNCIL, Lost Crops of the Incas: Little-Known Plants of
the Andes with Promise for Worldwide Cultivation, National Academy Press,
Washington, DC (1989)

PESTANA, E.A., BELAK, S., DIALLO, A., CROWTHER, J.R., VILJOEN, G.J.,
Early, Rapid and Sensitive Molecular Diagnostics — Real Time PCR Applications,
Springer, Dordrecht (2010

ROSENBLATT, E., IZEWSKA, J., ANACAK, Y., PYNDA, Y., SCALLIET, P.,
BONIOL, M., AUTIER, P., Radiotherapy capacity in European countries: an analysis of
the Directory of Radiotherapy Centres (DIRAC) database, Lancet Oncol. 14 (2013)
€79—-e86

Available at: http://dx.doi.org/10.1016/S1470-2045(12)70556-9.

SAATY, T.L., Decision making for leaders: the analytic hierarchy process for decisions
in a complex world, RWS Publications, Pittsburgh, PA (1995).

SALAS, S., CHUENPAGDEE, R., CHARLES, A., SEIJO, J.C. (Eds), Coastal fisheries
of Latin America and the Caribbean, FAO Fisheries and Aquaculture Technical Paper
No. 544, FAO, Rome (2011) 430 pp.

SOARES, L.H.B., ALVES, B.J.R., URQUIAGA, S., BODDEY, R.M., Brazilian
ethanol and the mitigation of greenhouse gases emission, Revista Brasileira de
Bioenergia 3 (2009) 48-53.

UNITED  NATIONS  ENVIRONMENT PROGRAMME, FOOD AND
AGRICULTURE ORGANIZATION OF THE UNITED NATIONS, World Watch List
for Domestic Animal Diversity, 2nd edn, FAO, Rome (1995).

UNITED NATIONS FRAMEWORK CONVENTION ON CLIMATE CHANGE,
Climate Change: Impacts, Vulnerabilities and Adaptation in Developing Countries,
UNFCCC Secretariat, Bonn (2007).

WORLD HEALTH ORGANIZATION, Medical devices, WHO Factsheet No. 346,
(2010). Retrieved in July 2012.
Available at: http://www.who.int/mediacentre/factsheets/fs346/en/index.html.

WORLD BANK. Available at:
http://web.worldbank.org/ WBSITE/EXTERNAL/DATASTATISTICS/

127






ANNEX 1. RSP 2016-2021. PRIORITIZATION METHODOLOGY
I.1. INTRODUCTION

In preparing the Regional Strategic Profile (RSP) for Latin America and the Caribbean
for 20162021, a methodology was used for assigning priorities within a set of
needs/problems of a strategic nature identified within different thematic areas. This
methodology envisages the adoption of specific attributes for which a graded scale of
values is established for each need/problem, and which, at the end of the process, allows
a quantitative comparison among them.

For this, a group of regional experts was established; the experts were selected on the
basis of their professional experience, as well as their technical knowledge and
knowledge of the situation in each thematic area in Latin America and the Caribbean.
They worked with representatives of the Supervision and Coordination Group and
IAEA officials to properly characterize each need/problem; participants engaged in a
process of discussion and debate until a consensus was achieved and a single value was
determined for each of the grades assigned to each attribute.

It must be highlighted that this type of prioritization process considers the need to
assign quantitative values to a qualitative evaluation, which always introduces a
subjective component in the process. In order to be objective and minimize potential
effects in the evaluation, consideration was given to including a justification of each
need/problem as well as of each grade assigned to the respective attributes.

Another aspect relevant considered concerns the various levels of development of each
country in the region, in particular when considering the six thematic sectors chosen for
the preparation of the Profile: food security, human health, environment, energy,
radiation safety and radiation technology. food security, human health, environment,
energy, radiation safety and radiation technology.

[.2.  ATTRIBUTES FOR PRIORITIZATION

Five attributes were adopted for the evaluation of needs/problems, taking into account
the strategic nature of the RSP. These are set out in Table A.1.

Table A.1. Attributes for the evaluation of needs/problems

SEVERITY This is a measure of the degree of severity of
the need/problem, taking into account the
negative impact of not addressing it.

TIME This is related to the degree of urgency in
addressing the need/problem, its likelihood of
worsening and future consequences.
EXTENT This determines the degree of regional impact
of the need/problem, taking into account, for
example, the number of countries affected.
RELEVANCE Two components are evaluated:

of/for nuclear techniques e The extent to which nuclear applications

can contribute to addressing/solving the
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need/problem.

e [t is considered that the solution to the
problem is also of relevance for nuclear
applications.

LEVEL OF DIFFICULTY This measures the degree of difficulty of
implementing  the  solution to  the
need/problem identified, which can be related
to: infrastructure, resources, technology,
legislation, intergovernmental commitments,
etc.

[.3.  SCORING FOR PRIORITIZATION AND JUSTIFICATION

To prioritize needs/problems by sector, prioritization grades are used for the attributes
SEVERITY, TIME, EXTENT and RELEVANCE. These grades range from 1 to 5, in
accordance with the information shown in Table A.2.

Table A.2. Prioritization grades for the attributes.

Grade Meaning
1 Very low
o) Low
3 Average
4 High
5 Very high

The prioritization grade assigned to each attribute must be justified and entered in a
table. Subsequently, these values are added together to obtain the TOTAL value, which
corresponds to the prioritization scoring of the need/problem. This operation must be
performed for each of the sectors under consideration.

Below is Table A.3, which shows the needs/problems and attributes. Once the
need/problem has been described, the grades assigned for each attribute are entered in
each cell along with its justification, and the sum of these grades is entered in the
TOTAL column.
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Table A.3. Prioritization in the sector.

Sector:

Attributes

NEED/PROBLEM

SEVERITY

TIME

EXTENT

RELEVANCE

TOTAL

1) (description)

Grade: 1 to 5
Justification

(text)

Grade: 1 to 5
Justification

(text)

Grade: 1 to 5
Justification

(text)

Grade: 1 to 5
Justification

(text)

Sum:

2) (description)

Grade: 1 to 5
Justification

(text)

Grade: 1 to 5
Justification

(text)

Grade: 1 to 5
Justification

(text)

Grade: 1 to 5
Justification

(text)

Sum:

The TOTAL value corresponds to the priority scoring for the need/problem within the
sector and can range from 4 to 20 points.

One important aspect that must be taken into account when evaluating the TOTAL is
that the values in the field cannot be the same for two or more needs/problems. If this
situation arises, adjustments must be made to the grades assigned to the attributes,
including by using decimal places if necessary.

The TOTAL score establishes the prioritization for the set of needs/problems in the

sector.

Another attribute that is evaluated is the degree of DIFFICULTY in solving the
need/problem. This is done by adding a column to the attributes table presented above,
as shown in Table A.4.

Table A.4. Prioritization in the sector, including the DIFFICULTY attribute.

Sector (and/or subsector, where appropriate)

NEED/PROBLEM

Attributes

SEVERITY

TIME

EXTENT

RELEVANCE

TOTAL

DIFFICULTY

1)

Grade: 1to 5
Justification

(text)

Grade: 1to 5
Justification

(text)

Grade: 1to 5
Justification

(text)

Grade: 1to 5
Justification

(text)

Sum:

Grade: 1to 5
Justification

(text)

2)

Grade: 1to 5
Justification

(text)

Grade: 1to 5
Justification

(text)

Grade: 1to 5
Justification

(text)

Grade: 1to 5
Justification

(text)

Sum:

Grade: 1to 5
Justification

(text)
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Also in this case, the range of values to evaluate the degree of DIFFICULTY is from 1
to 5, as shown in Table A.2.

[.4. QUADRANT GRAPH

In analysing the date obtained, there are four possibilities that are defined relative to the
values of the RELEVANCE and DIFFICULTY attributes.

L HIGH RELEVANCE and LOW DIFFICULTY

This corresponds to the first category of priorities and includes the
needs/problems that should be chosen first.

IL. HIGH RELEVANCE and HIGH DIFFICULTY
This corresponds to the second category of priorities.
111 LOW RELEVANCE and LOW DIFFICULTY

This third category includes needs/problems that are of relatively low
importance but which may still be chosen because of their low level of
difficulty to implement.

IV. LOW RELEVANCE and HIGH DIFFICULTY

This fourth category includes the last set of needs/problems which can, in
principle, be eliminated and which should only be considered subject to
specific interests or special situations.

These four possibilities can be represented in a quadrant graph where DIFFICULTY is
placed on the X axis and RELEVANCE on the Y axis. Figure A.1 shows a quadrant
graph of RELEVANCE and DIFFICULTY, which shows these four possibilities:

Quadrant graph

111 v

[0 Quadrantl [0 Quadrant I O  Quadrant IlI 0 Quadrant IV

Figure A.1. Quadrant graph of RELEVANCE and DIFFICULTY
[.5. FINAL PRIORITY GRADE (FPG)

Once the data has been analysed in terms of the RELEVANCE and DIFFICULTY of
the needs/problems, the next step is to determine the final priority grade (FPG).
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This is calculated using the values obtained from the following formulae:

Total priority _ Severity + Time + +BRLGEEEN
grade (TPG) - (S) (T) (R)

Final
priority
grade

R
Total Priority Grade (TPG) =
Difficulty (D)

(FPG)

Where the total priority grade represents the sum of the attributes: Severity, Time,
Extent and Relevance for each need/problem in each thematic sector, and the
relevance/difficulty quotient is an adjustment factor, so that the final priority grade may
be greater than, equal to or less than the TOTAL value.

Using the final priority grade values obtained, it is possible to establish an order of
priority for the needs/problems, by quadrant, for each one of the sectors.

Finally, it is important to mention that the prioritization methodology is a support tool
that provides decision-makers with a basis for a quantitative comparison of
needs/problems, although this is not necessarily the only consideration that may be
taken into account when prioritizing a set of needs/problems. The application of the
quadrant graph for prioritization will be dealt with in a guide concerning the
implementation strategy for the RSP 20162011, which will be drawn up on the basis of
the information contained in this document.
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ARCAL:

ATCB:
BSE:
BSS:
CEPIS:
CIEMAT:
CIER:
CNCD:
COzZ
CVD:
DBOsZ
DDT:
DIRAC:
DNA:
ECLAC:
FAO:
GDP:
GEF:
GF-TAD:
GHG:
GLADA:
ha:

HAB:
HCB:
H5N-1:
TAEA:
TARC:
ICP-MS:
IFA:
1-131:
IRMS:
ISO/IEC:

L:
LAC:

Mo099/Tc99m:

NAA:
NAEL:

NAFA:
NAPC:

NATS:
NCCP:

GLOSSARY

Co-operation Agreement for the Promotion of Nuclear Science and
Technology in Latin America and the Caribbean

ARCAL Technical Coordination Board

Bovine spongiform encephalopathy

Basic Safety Standards

Pan American Centre for Sanitary Engineering and Environmental Sciences
Research Centre for Energy, Environment and Technology

Regional Energy Integration Commission

Chronic Noncommunicable Diseases

Carbon dioxide

Cardiovascular diseases

five-day biochemical oxygen demand

dichlorodiphenyltrichloroethane

Directory of Radiotherapy Centres of the [AEA

Deoxyribonucleic acid

Economic Commission for Latin America and the Caribbean

Food and Agriculture Organization of the United Nations

Gross domestic product

Global Environment Facility

Global Frontiers — Trans-Boundary Animal Diseases initiative
greenhouse gases

Global Assessment of Land Degradation and Improvement

hectare

harmful algal bloom

hexachlorobenzene

avian influenza

International Atomic Energy Agency

International Agency for Research on Cancer

inductively coupled plasma mass spectrometry

International Fertilizer Industry Association

Iodine 131

isotope ratio mass spectrometry
International ~ Organization  for
Electrotechnical Commission
analytical techniques

Latin America and the Caribbean
Molybdenum-99/metastable Technetium-99

neutron activation analysis

Environment Laboratories Monaco (Monaco and Seiberdorf) of the
Department of Nuclear Sciences and Applications, IJAEA

Division of Nuclear Techniques in Food and Agriculture, IAEA
Division of Physical and Chemical Sciences (IAEA) of the
Department of Nuclear Sciences and Applications, [JAEA

Nuclear analytical techniques

National Cancer Control Programme

Standardization/International
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NCS:
NDT:
NEFW:

NENP:
NEPES:

NORM:
NPP:
NSIEC:

NSNI:

NSRW:

NWS:
OECD:
OLADE:
PAHO:
PET:
PET-CT:
POCs:
PIXE:

PIXE/RBS:

PM10:
PM2.5:
PR:
RNA:
RF:

RI:
RSP:
SCBD:
SPECT:
SWOT:
T:
TCLA:

TENORM:

UN-DESA:

UNEP:
UNFCCC:
UNFPA:
UNICEF:
WHO:
XRD:
XRF:
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nucleonic control systems

non-destructive test

Division of Nuclear Fuel Cycle and Waste Technology, Department of

Nuclear Energy IAEA

Division of Nuclear Power, Department of Nuclear Energy, [AEA

Division of Nuclear Power Engineering, Department of Nuclear

Energy, IAEA

naturally occurring radioactive material

nuclear power plants

Incident and Emergency Centre, Department of Nuclear Safety and Security,
IAEA

Division of Nuclear Installation Safety, Department of Nuclear Safety and
Security, IAEA

Division of Radiation, Transport and Waste Safety, Department of Nuclear
Safety and Security, IAEA

New World screwworm

Organisation for Economic Co-operation and Development

Latin American Energy Organization

Pan American Health Organization

Positron emission tomography

Positron emission tomography — computed tomography

Persistent organic compounds
proton-induced X-ray emssion spectrometry
proton-induced X-ray emssion
backscattering

particulate matter up to 10pum in diameter
particulate matter up to 2.5um in diameter
radiation processing technologies
Ribonucleic acid

radiopharmaceuticals

radioisotopes

Regional Strategic Profile for Latin America and the Caribbean
Secretariat of the Convention on Biological Diversity

single photon emission computed tomography

Strengths, weaknesses, opportunities, threats

radiotracers

Division for Latin America, Department of Technical Cooperation
(IAEA)
Technologically-Enhanced,
Materials

United Nations Department of Economic and Social Affairs
United Nations Environment Programme

United Nations Framework Convention on Climate Change
United Nations Population Fund

United Nations Children’s Fund

World Health Organization

X-ray diffraction

X-ray fluorescence

spectrometry/Rutherford

Naturally-Occurring Radioactive



Regulatory authority:

Authorization:

Calibration:

Contamination:

Regulatory control:

Safety culture:

Radioactive waste:

Final disposal:

Nuclear or radiological
emergency:

DEFINITIONS

Authority or authorities designated or otherwise
recognized by a government for the purpose of regulation
in the area of protection and safety.

The granting, by a regulatory body or other government
organ, of written permission for an operating entity to
conduct specific activities.

Measurement or adjustment of an instrument, component
or system to make sure that its accuracy or response is
acceptable.

The presence of radioactive substances on surfaces or
within solids, liquids or gases (including the human
body), where their presence is neither intentional nor
desirable, or a process that causes the presence of
radioactive substances in those places.

Any form of control or regulation that a regulatory body
applies to facilities or activities for reasons associated
with radiation protection or the safety and security of
radioactive sources.

A set of characteristics and attitudes of organizations and
persons that establishes, as an absolute priority, the need
to give issues associated with protection and safety the
importance they deserve.

Materials, whatever their physical form, that result from
practices or interventions, and for which no further use is
identified 1) that contain or are contaminated by
radioactive substances and have an activity or activity
concentration higher than the legal limits, and ii) exposure
to which is not excluded from the standards.

The placement of waste in an appropriate facility without
any intention of recovery.

An emergency in which danger due to: a) energy from a
nuclear chain reaction or disintegration of the products of
a chain reaction; or b) exposure to radiation, exists, or is
considered to exist.
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Safety evaluation:

Disused source:

Orphan source:

Radioactive waste
management:

Naturally occurring
radioactive material
(NORM):

Regulatory body:

Emergency plan:

Emergency preparation:

First responders:

Radiation protection
programme:
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An evaluation of all aspects of a practice that are related
to protection and safety; in the case of an authorized
facility, it includes selection of the location, design and
operation of the facility.

A radioactive source that is no longer used or is not
intended to be used in the practice for which it was
authorized.

A radioactive source that is not subject to regulatory
control, possibly because it has never been subject to such
control or because it was abandoned, lost, mislaid, stolen
or transferred without the appropriate authorization.

A set of administrative and operational activities
concerning the handling, previous treatment, processing,
conditioning, storage and final disposal of radioactive
waste.

Radioactive material that does not contain significant
quantities of radionuclides different to natural
radionuclides.

An authority or set of authorities to which the government
of a State entrusts legal powers to implement regulatory
processes, including the granting of authorizations, and
thus to regulate nuclear and radiation safety, radioactive
waste and transport.

A description of the objectives, policy and basic concepts
of operations to respond to an emergency, and of the
structure, capacities and responsibilities inherent in a
systematic, coordinated and effective response.

The capacity to adopt measures that will mitigate
effectively the consequences of an emergency in terms of
human health and safety, quality of life, goods and the
environment.

The first members of an emergency service to respond to

an emergency where it occurs.

Structured arrangements aimed at facilitating appropriate
consideration of radiation protection measures.



Radiation protection:

Emergency response:

Radiation risk:

Radiation safety:

Management system:

Protection of persons against the effects of exposure to
ionizing radiation and means to achieve this.

The application of measures to mitigate the consequences
of an emergency in terms of human health and safety,
quality of life, goods and the environment.

The harmful health effects of exposure to radiation
(including the possibility of such effects occurring).

The establishment of appropriate operating conditions,
prevention of accidents or mitigation of their
consequences, resulting in the protection of workers, the
public and the environment from excessive dangers
caused by radiation.

A set of interrelated and interacting elements (system)
aimed at establishing policies and objectives and at
ensuring that these objectives are achieved in an effective
and efficient manner.
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