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FOREWORD

Following the radiological accident that happened in Goiania, Brazil, in late 1987, the
Brazilian National Nuclear Energy Commission (CNEN) was able to turn to the international
community for assistance under the terms of the 1986 IAEA sponsored Convention on
Assistance in the Case of a Nuclear Accident or Radiological Emergency; this marked the
first time the convention was invoked. Additionally, to prevent the loss of useful information,
CNEN and the IAEA designated a panel of international experts to investigate the causes and
consequences of the accident and draw up a comprehensive report, "The Radiological
Accident in Goiania", which the IAEA published in 1988. Under its nuclear safety
programme, it is the IAEA's intention to follow up serious radiological accidents with review
and analysis, to document the causes and circumstances and to disseminate conclusions,
lessons to be learned and recommendations from which all States may benefit.

A decade after the Goiania accident, the CNEN convened the international conference
"Goiania, Ten Years Later" in co-operation with the IAEA. The purpose of this conference
was to share with the local population and the international community the knowledge gained
during this tragic event and in the following years. The conference attracted some 400
participants from 17 countries (Argentina, Austria, Brazil, Canada, Cuba, El Salvador,
Estonia, Germany, Israel, Italy, Mexico, Peru, Russian Federation, Spain, Uruguay, United
States of America and Venezuela).

The present IAEA proceedings contain some 50 papers selected for publication by the
editorial committee of the conference. An illustrative CD ROM, released by CNEN prior to
the conference, which contains scientific and technical information in Portuguese, Spanish
and English, is available upon request from CNEN, Commissao Nacional de Energia Nuclear,
Rua General Severiano, 90, 22294-900 - Rio de Janeiro, RJ, Brazil, telephone +(5521) 546-
2320, fax: +(5521) 546-2282.
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original manuscripts as submitted by the authors. The views expressed do not necessarily reflect
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INTRODUCTION

A.M. Xavier
Commissao Nacional de Energia Nuclear,

Rio de Janeiro,
Brazil

The radiological accident that happened in Goiania, Brazil, in late 1987 was unusual
in that it was not discovered immediately: the sealed capsule of a teletherapy machine was
broken open on 13 September, releasing radioactive caesium-137, but the authorities did not
become involved until 29 September 1987. This fact set in motion a chain of events which led
to several fatalities and left hundreds of people with various degrees of radiation injury or
contamination.

The accident — the spread of radioactive caesium chloride powder through human
contact in the urban setting of Goiania — triggered an unprecedented remediation campaign
led by the federal and local Brazilian authorities. Within three days of the discovery of the
accident, experts of the Brazilian National Nuclear Energy Commission (CNEN) had
addressed the most pressing medical, public health and radiation contamination needs. Once
these steps had been taken, radiation and safety experts from several organizations working
under the umbrella of CNEN could turn their attention to monitoring the population, cleaning
up the contaminated areas and dealing with the long term consequences and humanitarian
issues deriving from the accident.

In many respects, and because of the singular characteristics of the accident, CNEN
had to steer its accident response and decide its waste management strategy with an added
element of pressure: worldwide there was little, if any, institutional experience stemming
from a comparable occurrence.

A decade has gone by, and CNEN felt that the time had come to return to the scene to
share with the local population and the international community the knowledge gained during
these fateful events and, in so doing, turn the page on this sad chapter of Brazilian history.
With these aims in mind, CNEN convened the international conference "Goiania, Ten Years
Later" in co-operation with the IAEA. In discussions which included technical, sociological
and psychological considerations, the Conference focused on the progress achieved over the
past ten years in the use and control of radioactive sources. Among the many aspects
surrounding the events in Goiania in 1987, three stood out as most salient. First, CNEN's
achievements with respect to the strict control of radioactive sources. Secondly, CNEN's
moves to help the man in the street make sense out of radioactivity and radioactive waste: in
the course of its response to the accident, one of CNEN's primary tasks had been to explain in
clear language how radioactivity worked and how radioactive waste would be dealt with. And
thirdly, the steps taken by CNEN to revert certain perceptions among the Brazilian population
concerning nuclear issues, a dynamic process which ultimately led to the construction and
operation of a national radioactive waste disposal facility in Abadia de Goias.

The papers presented are broken down according to the following conference topics:
emergency preparedness; legislation on radiological safety; medical and psychological aspects
associated with accidents; control of radioactive sources; social and political impacts of
nuclear energy; public perception of nuclear energy; the role of regulatory bodies;
management, transport and disposal of radioactive waste, and finally, the environment.
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WELCOME ADDRESS

J.M.E. Santos
President,

Commissao Nacional de Energia Nuclear,
Rio de Janeiro,

Brazil

At the historical point in time when the Brazilian nuclear sector succeeded in
mastering the technology for uranium enrichment, thus entitling Brazil to join the select group
of developed countries which already possessed this know how, we were confronted with the
tragic radiological accident in Goiania, in September 1987.

The immediate consequences of the accident were mitigated in the short term owing to
the prompt response and self-denying efforts of the technical personnel of the Brazilian
Nuclear Energy Commission (CNEN) and of the experts of several other governmental and
international institutions. In particular, specialists from Furnas Centrais Eletricas, Industrias
Nucleares Brasileiras, the Departments of the State Government of Goias, the City Hall of
Goiania, the Naval Hospital Marcilio Dias, the Army Superior School of Specialized
Instruction and the International Atomic Energy Agency stepped forward to lend their
expertise.

Ten years later, it is our purpose to reveal to the local population, as well as to the
national and international scientific community, the scope of the measures which had to be
taken in order to solve not only the problems caused by the accident itself, but also the
deficiencies which became evident as a result of the accident, both in Brazil and abroad.

It is our wish that the International Conference on the Radiological Accident of
Goidnia — 10 Years Later will succeed in promoting the exchange of scientific, medical,
legal, psychosocial and political information associated with the responsible use of nuclear
energy for pacific purposes.

MEKT
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GOIANIA, TEN YEARS LATER

A.J. Gonzalez
Director, Division of Radiation and Waste Safety,

International Atomic Energy Agency,
Vienna

Ten years ago, a tragic radiological accident unfolded right here, in this charming city
of Goiania. But it could have happened, in reality, anywhere in the world, owing to the
generalized and increasing use of ionizing radiation for diagnostic, therapeutic and industrial
applications.

The Brazilian authorities took immediate steps to address one of the most serious
radiological accidents to ever have occurred. But notably, they also turned promptly to the
international community and shared information on a remarkably open and generous basis.

First, invoking the IAEA Convention on Assistance in the Case of a Nuclear Accident
or Radiological Emergency, the Brazilian government requested international participation to
deal with the emergency and minimize any radiological consequences. This was the first time
a State resorted to two international undertakings which had been drawn up expeditiously and
adopted in 1986 following the Chernobyl accident. The Assistance Convention, together with
the Convention on Early Notification of a Nuclear Accident, also adopted in 1986, had
defined the IAEA's role in co-ordinating planning and preparedness in the event of an
incident, accident or radiological emergency. Both legal instruments had paved the way for
the creation of the IAEA Emergency Response System (ERS), which at that time functioned
as a crisis centre, gathered and verified information and channelled technical assistance to the
Brazilian counterparts at CNEN. Since the Goiania events of 1987, the responsiveness of this
logistics centre has been continuously upgraded.

Secondly, promptly after the event, the Brazilian government called upon the IAEA to
put together a team of international experts who would produce a systematic study of what
had happened. The IAEA then issued a comprehensive report which would set a standard as a
repository of information on radiological accidents: "The Radiological Accident at Goiania".
By their decision to react swiftly and into the open, the Brazilian authorities not only
demonstrated courage and leadership, but also worked hand in hand with the IAEA to foster
the exchange of information.

The IAEA is the only intergovernmental organization to deal with a full spectrum of
nuclear issues worldwide. As far as protection against ionizing radiation is concerned, the
IAEA is the organization in the UN family with explicit statutory functions to establish
standards for the protection of health and to provide for the application of these standards at
the request of any State. In this regard, the IAEA first issued the internationally agreed basic
safety standards for radiation protection in 1962 and published the latest edition of these
standards, the "International Basic Safety Standards for Protection against Ionizing Radiation
and for the Safety of Radiation Sources" (BSS), as recently as 1996. In reliance upon the
three pillars of legislation, monitoring and control, the BSS are intended to ensure protection
against ionizing radiation and the safety of all types of radiation sources. These standards
serve as the basis for many national regulations.

Simply stated, a principal thrust of the BSS is the avoidance of accidents: in every
country, this is achieved by constructing an appropriate radiation protection infrastructure,
through administrative and technical requirements which are enforced by regulators.
Currently, the IAEA Departments of Technical Co-operation and Nuclear Safety are
sponsoring a wide ranging programme aimed at promoting the establishment of the BSS



requirements in all Member States. A principal feature of the programme is the commonly
designated Model Project, which addresses real radiation protection needs, including
legislation and training, in more than 50 developing Member States of the IAEA.

Since the eventful weeks that gripped this city a decade ago, much progress has been
accomplished in the strengthening of radiation protection around the world. Nonetheless,
much remains to be done. The registration and control of all radiation sources are a first step
in the direction of achieving Basic Safety Standards in radiation protection.

Ten years ago, Goiania put all of us on notice. Yet the task never stops. In a matter as
crucial as radiation protection, we cannot afford to become complacent.
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LESSONS OF THE RADIOLOGICAL XA9948989
ACCIDENT IN GOIANIA

R.N. ALVES
Military Institute of Engineering, —
Rio de Janeiro,
Brazil

A.M. XAVIER, P.F.L. HEILBRON
Comissao Nacional de Energia Nuclear,
Rio de Janeiro,
Brazil

Abstract

LESSONS OF THE RADIOLOGICAL ACCIDENT IN GOIANIA.
On the basis of the lessons learned from the radiological accident of Goiania, actions are

described which a nuclear regulatory body should undertake while responding to an accident of this
nature.

1. INTRODUCTION

The lessons learned by a person after any unusual event depend on his or her position
during its occurrence. Specifically with regard to the 1987 radiological accident of Goiania, the
lessons described herein derive from the observations of the regulatory body responsible for the
production, trade, licensing and surveillance of nuclear materials and radioactive sources, as
well as for decontamination. Ten years after the accident, knowledge has been consolidated in
four areas: prevention, minimization of the response time (the time between the occurrence of
the accident and the initiation of remedial actions), intervention and follow-up.

2. CLASSES OF ACTIONS

2.1. Prevention

Preventive actions have been characterized as the steps aimed at reducing (minimizing)
the probability of a radiological accident. This minimization is subject to the hierarchy in the
areas of control and responsibility, the frequency and types of control, the audit of these controls
and the difficulties encountered in the process. The hierarchy in control and responsibility
includes the participation of the operator, of the regulatory research institute and of other
governmental organizations at the city, state and federal levels. Since the operator is the only
entity with permanent control over the installation, it should bear the primary responsibility.
Therefore, it should have the technical abilities to enable it to understand all the facets of its
responsibility.

By analogy, there is a presumed shared responsibility between a car driver and the
governmental institution that verifies the driver's ability as well as the mechanical and safety
conditions of the vehicle he or she uses. It is also understood that, at some point in time, this
driver might either suffer or cause an accident. In the event of an accident caused by a negligent
driver, e.g. owing to the driver's failure to maintain the brakes properly, it is this driver who
could have avoided causing the accident, and not an organization involved in issuing drivers'
licences or vehicle registration papers. This reality, however, does not lessen the need for
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governmental organizations to establish rules and set the frequency and types of controls in
order to diminish the likelihood of accidents.

Radioactive sources, in particular, should be controlled daily by the operator, and the
verification of their integrity should be periodical. Signifxcaixlly, this routine check becomes
tedious to the operator, aw* •-~z? ^liability of the check suffers as a consequence. A periodic
report to the regulatory body can improve the credibility of the quantitative information
provided by the operator. Quality controls as to source integrity and to optimization of
operational procedures, which result in visual qualification of the installation used by the
general public, can be added to this governmental control.

However, preventive actions of this kind are difficult to implement, especially in
developing countries, because of conflicts between legal requirements and the technical actions
needed. The lack of qualified professionals, the extended geographical areas involved and the
growing use of radioactive sources also contribute to transform preventive actions into difficult
endeavours. It should be remembered that social problems in developing countries, some of
them very urgent, collide with the safety actions necessary. These difficulties are compounded
by the fact that the technically skilled operators are employed predominantly in the nuclear
medicine and radiotherapy sectors of the hospital system and that a large number of
governmental bodies, particularly in smaller cities, lack technically qualified staffs to implement
legal controls. It should be emphasized that in many countries, as well as in Brazil, the medical
use of radioactive sources started more than a decade before the establishment of the system to
control their use and to assess the risks involved. Even today, the use of radioactive sources in
smoke detectors, though their numbers are limited and they are localized, represents a new risk
to non-qualified maintenance personnel. Similarly, the slow pace of legislative change makes it
difficult to keep up with the fast evolution of the applications of radioactive sources.

2.2. Minimization of the response time

If, despite all preventive measures, a radiological accident occurs, the magnitude of the
area, the number of victims and the psychosocial effects will be affected by the time elapsed
between the occurrence of the accident and consequent identification and intervention. Clearly,
saving time is closely linked to preventive action. Therefore, the type of control and its
frequency constitute the first accident indicators. The established system of control must
preserve its reliability and must allow immediate action.

Operators do not always realize the risks involved with sources on which affixed visual
symbols of danger might be lacking or ineffective in warning the general public of the hazards
of unprotected handling. Warnings which are not effective should be eliminated in favour of
other clear and easily understandable visual messages of danger consistent with local
symbolism and popular recognition. Better working warnings can be designed with, e.g., the
participation of radiological protection specialists, medical doctors, pharmacists and firemen.

In the case of stolen material, another link — a receptor — is needed midway between
legality and illegality. An intermediary entity of this kind, though it would not act as a reliable
information source, would play a key 'tracing' role in the national distribution network, as
stolen objects are not usually negotiated in the region where they were illicitly obtained.

23. Intervention

Although it is possible to determine some accident scenarios, these will never include all
the aspects of a real-life intervention. The type of installation, its geographical location, the
social classes involved and their contamination vectors are all correlated. In this regard, certain
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basic practical principles, gained from the experience of the decontamination of Goiania, are
described below.

2.3.1. Intervention levels

The recommendations of ICRP Publications 26 and 60 provide that actions for
radiological protection should be based on as low as reasonably achievable limits, taking
economic and social aspects into consideration.

After intervention has started at a site, the local population, moved by its natural
curiosity, becomes the main controlling agent, demanding in practical terms that the levels of
exposure return to the original values. Therefore, the levels of intervention and recording, as
defined in the Basic Standards for Radiological Protection, become only reference values.

In Goiania, the return of the exposure levels to their original values resulted in the
removal of an excessive amount of waste compared with the quantity which should have been
removed to prevent radiological damage.

The lack of conceptual knowledge about the basis of intervention levels contributes to
the discrimination of sites, people and products. This discrimination can be reduced by the
specialists involved in the decontaminating procedures. The credibility of the technical staff
involves purely personal considerations and, if it is used inappropriately, can work
counterproductively, thus causing even further discrimination. The actions undertaken should
reflect local characteristics. In Goiania, residents living near the contaminated areas offered
water, juice, coffee and fruits to the technicians of the Brazilian Nuclear Energy Commission
(CNEN) in attempt to identify rejections which would indicate possible contamination.

2.3.2. Co-ordination and unified action

Although an intervention plan should exist, some characteristics should be anticipated
and legally consolidated to reduce and facilitate intervention.

The lack of previous knowledge of the area involved in the accident, the number of
victims, the contaminating material and the characteristics of the site make it impossible for a
single institution to possess all the means necessary for an intervention. The collaboration of
several organizations with neatly differentiated hierarchic subordination is necessary and
demands co-ordination at the federal, state and city levels under a unified command.

This unified command should have legal authority to perform all necessary actions.
Further to the existing overall plan, daily procedures should be proposed which are consistent
with the ongoing response activities. Moreover, the unified command should remain in the area
for the duration of the process of intervention.

2.3.3. Legal aspects

Intervention takes place whenever emergencies demand urgent decisions. These include
exceptional procedures for the acquisition and import of materials, the hiring of services and the
disposal of materials. Customs barriers should be waived to import medical products,
equipment and consumer materials. Moreover, the authorities should grant powers to isolate
areas, retrieve contaminated goods, decontaminate or demolish houses, select areas to store
waste temporarily and co-ordinate relief to the victims.

The lack of these legal tools, resorted to on an exceptional basis, can hinder or delay an
effective action to minimize the consequences of an accident.

13



2.3.4. Site for waste disposal facilities

As soon as it starts, the decontamination of an affected area produces a large amount of
waste that should be removed immediately. The choice of a nearby site for temporary storage is
therefore very necessary. This area should have features which will allow it to become a
permanent site for the construction of waste disposal facilities in the future, in order to avoid
transport accidents and the unnecessary exposure of personnel.

2.3.5. Verification of local products

The social phenomenon of discrimination occurs not only in the vicinity of the affected
area, but also in faraway regions.

At the time of the accident, discrimination against vehicles with license plates from
Goiania was commonplace.

Furthermore, unethical financial interests led to discrimination against products from the
whole area surrounding Goiania, as well as from unaffected regions farther away. In this
respect, in order to avoid discrimination, it is important to create groups with powers to inspect
and analyse products and issue certificates of integrity, hence reducing the psychosocial impact
of accidents. The results of product analyses should have legal support and should be final.

2.3.6. Care of victims

The classification of victims, sites and rescue teams should be initiated immediately.
During the selection of the medical staff to look after the victims of the Goiania accident, a lack
of nurses, paramedical workers and cleaning personnel with a sufficient background in
radiological protection was observed.

Additional problems encountered were the deficiency of (i) laboratory support to
perform clinical analyses, (ii) laundry, (iii) a system for the collection and disposal of hospital
and decontamination wastes and (iv) medical equipment.

2.4. Follow-up

The insufficiency of funds in developing countries makes it necessary to set priorities
for future actions once the root cause of an accident has been dealt with. Well established rules
to allow the continuous monitoring of victims, the reconstruction of homes and the payment of
indemnifications are very important and should be formally drawn up.

3. CONCLUSION

Despite the lack of knowledge about all the conditions which had prevailed prior to the
accident, the rapid decontamination of the affected area and the assistance to the victims of
Goiania resulted in positive reports by specialists and international organizations. This success
may be credited to the solidarity of the various institutions involved at the federal, state and city
government levels, backed by the technical ability of the staff of CNEN.

In retrospect, the greatest lesson learned was the solidarity demonstrated by the
professionals of the Brazilian Nuclear Energy Commission and all the other organizations
involved, which became an example of efficiency in the shortest time possible and enabled the
response teams to act in an integrated fashion, swiftly and effectively.
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RADIOLOGICAL EMERGENCY RESPONSE — XA9948990
A FUNCTIONAL APPROACH

P. CHOWDHURY
Louisiana Radiation Protection Division,
Baton Rouge, Louisiana,
United States of America

Abstract

RADIOLOGICAL EMERGENCY RESPONSE — A FUNCTIONAL APPROACH.
The state of Louisiana's radiological emergency response programme is based on the federal

guidance "Criteria for Preparation and Evaluation of Radiological Emergency Response Plans and
Preparedness in Support of Nuclear Power Plants" (NUREG-0654, FEMA-REP-1 Rev. 1). Over the
past 14 years, the planning and implementation of response capabilities became more organized and
efficient; the training programme has strengthened considerably; co-ordination with all participating
agencies has assumed a more co-operative role, and as a result, a fairly well integrated response
planning has evolved. Recently, a more 'functional' approach is being adopted to maximize the
programme's efficiency not only for nuclear power plant emergency response, but radiological
emergency response as a whole. First, several broad-based 'components' are identified; clusters of
'nodes' are generated for each component; these 'nodes' may be divided into 'sub-nodes' which will
contain some 'attributes'; 'relational bonds' among the 'attributes' will exist. When executed, the
process begins and continues with the 'nodes' assuming a functional and dynamic role based on the
nature and characteristics of the 'attributes'. The typical response based on stand-alone elements is
thus eliminated, the overlapping of functions is avoided, and a well structured and efficient
organization is produced, that is essential for today's complex nature of emergency response.

1. INTRODUCTION

The accident at the Three Mile Island nuclear power plant in 1979 paved the way for
an entirely new approach to emergency response in the United States. It is in conjunction with
the accident consequence mitigation efforts that the federal government undertook a fairly
aggressive and rational step towards developing a nationwide, uniform, comprehensive and
integrated emergency response organization. As a result of this undertaking the federal
guidance document entitled "Criteria for Preparation and Evaluation of Radiological
Emergency Response Plans and Preparedness in Support of Nuclear Power Plants" (NUREG-
0654, FEMA-REP-1 Rev. 1) was issued, frequently referred to as "NUREG-0654" [1]. Under
the new laws, statutes and Codes of Federal Regulations (CFR), all nuclear power plant
licensees must assure maintenance of a comprehensive on-site and off-site emergency
response plan primarily under the planning standards stipulated in NUREG-0654. State and
local government agencies are strongly encouraged to take active part in the off-site planning
and response process.

In 1983, the state of Louisiana chose to participate in the off-site emergency planning
and response programme along with the nuclear power plants operating in or close to the
state. Over the last decade, the state of Louisiana has participated in numerous emergency
response drills and exercises in association with nuclear power plants. It was observed that
emergency response elements did not possess any structural and functional character, and at
this point, the need for a better structure was felt. In 1995, a functional approach was
considered in order to reorganize and assign a dynamic character to the programme. The aim
was to render the programme more process dependent, rather than expect it to meet objectives
through the performance of individual elements lacking a minimal relationship.
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2. THE STRUCTURE

The principal broad-based components of a radiological emergency response
programme may be divided as follows: (A) Jurisdictional Entities; (B) Support Material; (C)
Executable Response Functions and (D) Modes of Execution. The first two belong to the
'infrastructure'; the third is 'functional' and the fourth is 'operational'.

Component A defines the type of and identifies the various organizations to be
involved in the programme; component B identifies all the material objects that are necessary
for a non-disruptive execution of the programme; component C consists of the clearly
established broad-based 'Response Functions' that will be executed in order to meet the
programme objectives; component D is constituted by the various modes which will trigger
the processes under the 'Response Functions' to be carried out by the different organizational
structures that are part of the response programme.

2.1. Component A

The following primary jurisdictional entities are identified to be the integral part of
the infrastructure of a radiological emergency response programme: Al) Lead Radiological
Agency; A2) Lead Emergency Management Agency; A3) Radiological Agencies at a Lower
Level; A4) Emergency Management Agencies at a Lower Level (Fig. 1).

Al
Lead Radiological Agency

A
JURISDICTIONAL

ENTITIES

A3
Radiological Agencies at

Lower Level

A2
Lead Emergency

Management Agency

A4
Emergency Management
Agencies at Lower Level

FIG. 1. Primary Jurisdictional Entities of a Radiological Emergency Response Programme

2.2. Component B

The following may be viewed as the primary support material: Bl) Plan and
Implementing Procedures; B2) Radiation Measurement Instrument; B3) Communication
Equipment; B4) Radiological Laboratory; B5) Means of Transportation (Fig. 2). Other items
may be added, as appropriate.

2.3. Component C

The involved agencies will define the appropriate 'Executable Response Functions'
based on their own 'concept of operation' and 'scope of involvement'. This should be
carefully mapped out and attention should be paid to avoid possible overlapping in the
definition and scope of the various functions. A clear picture of the entire field of the
functional properties and nature of an 'Integrated' emergency response programme should
surface as a result of this development process.

The primary 'Executable Response Functions' may be identified in order to produce a
dynamic and efficient emergency response programme: Cl) Reaction and Response; C2)
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Communication; C3) Technical Assessment; C4) Decision-making and Co-ordination; C5)
Public Protection and Emergency Worker Protection; C6) Field Activities; C7) Media
Relations; C8) Laboratory Analysis; C9) Resource Identification and Acquisition (Fig. 3).

B
SUPPORT MATERIAL

Bl
Plan and Implementing

Procedures

B2
Radiation Measurement

Instrument

B3
Communication

Equipment

B4
Radiological
Laboratory

B5
Means of

Transportation

FIG. 2. Support material for a radiological emergency response programme.
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FIG. 3. Executable response Junctions of a radiological emergency response programme.

2.4. Component D

The 'Modes of Execution' can be defined in a very broad way, or can be quite
elaborate depending on the types of the anticipated emergency processes and the procedural
tasks of the agencies. Fig. 4 shows an example of 'Modes of Execution' of a radiological
emergency response programme.

2.5. Response Sub-functions

The Louisiana Radiation Protection Division — the state's lead radiological agency —
is charged with the following 'Response Functions' (refer to Fig. 3): Cl) Reaction and
Response; C2) Communication; C3) Technical Assessment; C4) Decision-making and
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Co-ordination; C5) (partial) Emergency Worker Protection; C6) Field Activities; C7) Media
Relations; C8) Laboratory Analysis.

Dl-l
Abnormal Occurrence

Dl-2-1
Severity Level -

'Lowest'

Severity Level -
'Higher-Middle'

D
MODES OF

EXECUTION
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Dl-2
Emergency

Dl-2-2
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'Lower-Middle'
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D2-3
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Normal Condition

FIG. 4. Example of modes of execution of a radiological emergency response programme.

All of these 'Response Functions' can be divided into 'Response Sub-functions' as
follows:

Cl) Reaction and Response — Cl-1) Reaction to Notification; Cl-2) Partial or Full
Activation; Cl-3) Mobilization; Cl-4) Deployment of Teams; Cl-5) Deactivation of
Response Mode; Cl-6) Return to Normal Mode.

C2) Communication — C2-1) Communication for Mobilization; C2-2)
Communication in Conjunction with Field Activities; C2-3) Periodic Communication with
Other Agencies/Organizations.

C3) Technical Assessment — C3-1) Dose Assessment; C3-2) Accident Assessment;
C3-3) Field Result Assessment; C3-4) Laboratory Result Assessment.

C4) Decision-making and Co-ordination — C4-1) Evaluation of Protective Actions;
C4-2) Co-ordination on Protective Action with the Licensee; C4-3) Co-ordination on
Protective Action with Other Agencies; C4-4) Finalizing Protective Action; C4-5) Co-
ordination with Other Organizations on Various Radiological Issues and Support Activities.

C5) (partial) Emergency Worker Protection — C5-1) Manoeuver of Emergency
Workers Abiding by the Principle of 'As Low As Reasonably Achievable (ALARA)'; C5-2)
Protection of Emergency Workers with Respirators and/or Radioprotective Drugs, and Other
Means.

C6) Field Activities — C6-1) Staging; C6-2) Performing Instrument Check; C6-3)
Performing Area Radiation Survey; C6-4) Performing Air Radiation Sampling; C6-5)
Identifying Plume and Defining Deposition Footprint; C6-6) Performing Various Other
Media Sampling; C6-7) Transfer of Field Samples to Laboratory; C6-8) Performing Other
Non-routine Emergency Activities.
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C7) Media Relations — C7-1) Representing the Agency at the Joint
Information/Media Centre; C7-2) Response to Media Inquiries; C7-3) Response to Citizen's
Inquiries; C7-4) Information Co-ordination with Various Agencies.

C8) Laboratory Analysis — C8-1) Analysis of Air Particulate Filter and Iodine
Cartridge; C8-2) Analysis of Various Other Media Samples; C8-3) Transmittal of Results to
Appropriate Response Teams.

2.6. Attributes of Response Sub-functions

The 'Response Sub-functions' contain individual 'Attributes' possessing pre-defined
'Relational Bonds'. The sub-functions within a function maintain their dynamic behaviour or
interaction among themselves as well as with the sub-functions of other functions through the
'Relational Bonds' characteristic to the respective 'Attributes'.

Let us consider, for example, one 'Executable Response Function' — Cl) 'Reaction
and Response'. The number of 'Attributes', shown below, for the identified sub-functions
(refer to sub-section 2.5) will vary depending on the organization's role:

Sub-function Cl-1) 'Reaction to Notification'; Attributes — Cl-la) Receipt of
Notification; Cl-lb) Evaluation of Information; Cl-lc) Initiation of Reaction; Cl-ld)
Switching to Off-normal Mode.

Sub-function Cl-2) 'Partial or Full Activation'; Attributes — Cl-2a) Switching to
Activation Mode; Cl-2b) Initiation of Minimum Staffing; Cl-2c) Contacting Key
Organizations; Cl-2d) Initiation of Full Staffing.

Sub-function Cl-3) 'Mobilization'; Attributes — Cl-3a) Contacting Response Team
Members; Cl-3b) Accounting on Position Staffing; Cl-3c) Mobilization of Team Members.

Sub-function Cl-4) 'Deployment of Teams'; Attributes — Cl-4a) Formation of
Response Teams; Cl-4b) Task Assignment; Cl-4c) Distribution of Instrument/Equipment;
Cl-4d) Distribution of Means of Transportation; Cl-4e) Deployment of Teams to Designated
Locations.

Sub-function Cl-5) 'Deactivation of Response Mode'; Attributes — Cl-5a)
Downgrading of Off-normal Condition; Cl-5b) Partial Deactivation of Response; Cl-5c)
Termination of Off-normal Condition; Cl-5d) Deactivation of Response; Cl-5e) Moving to
Recovery Mode.

Sub-function Cl-6) 'Return to Normal Mode'; Attributes — Cl-6a) Demobilization
of Teams; Cl-6b) Notification of Termination of Off-normal Condition and Demobilization.

The following can serve as examples of 'Relational Bond' among the 'Attributes':
Example 1. Function Cl) 'Reaction and Response'; Sub-function Cl-1) 'Reaction to
Notification'; Attributes — Cl-la) Receipt of Notification; Cl-lb) Evaluation of
Information; Cl-lc) Initiation of Reaction; Cl-ld) Switching to Off-normal Mode. Sub-
function Cl-2) 'Partial or Full Activation'; Attributes — Cl-2a) Switching to Activation
Mode; Cl-2b) Initiation of Minimum Staffing; Cl-2c) Contacting Key Organizations; Cl-2d)
Initiation of Full Staffing. These two sub-functions maintain their relationship through some
or all of the identified attributes — namely, 'Switching to Activation Mode' (Cl-2a) is
clearly related to 'Initiation of Reaction' (Cl-lc); also, 'Initiation of Minimum Staffing' (Cl-
2b) is triggered by 'Switching to Off-normal Mode' (Cl-ld). Here the 'Relational Bond'
between Cl-lc and Cl-2a is 'Action (Cl-2a) Follows Reaction (Cl-lc)', and between Cl-ld
and Cl-2b is 'Action (Cl-ld) Triggers Action (Cl-2b)'. This is '//tfra-function' relationship
(i.e., relationship within one function).

Example 2. Function C2) 'Communication'; Sub-function C2-1) 'Communication for
Mobilization'; Attributes — C2-la) Communication for Minimum Staffing; C2-lb)
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Communication for Full Staffing; C2-lc) Using Primary Communication for Mobilization;
C2-ld) Using Backup Communication for Mobilization. Here, attributes C2-la) and C2-lb)
of sub-function 'Communication for Mobilization' under function 'Communication' are
integrally related, respectively, to attributes Cl-2b) and Cl-2d) of sub-function 'Partial or
Full Activation' of function 'Reaction and Response'. This is '/nter-function' relationship
(i.e., relationship between two functions). 'Relational Bonds' among these 'Attributes' are
established in the same manner as for Example 1.

Fig. 5 schematically displays part of the configuration of an entire programme that can
be created based on the 'Functional Relationship' concept. Once completed, this
configuration will appear as a 'Grid' comprised of multiple 'Nodes' which are branched into
smaller 'Sub-nodes' that contain 'Attributes' for which 'Relational Bonds' exist to interact
with one another. It is to be noted that in this structure adding functions, as appropriate, will
not create difficulties as long as they are linked to the other functions through careful
assignment of sub-functions as well as attributes.
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FIG. 5. Part of the configuration of a radiological emergency response programme.

3. CONCLUSIONS

The process of structuring requires considerable time and effort. The ownership of
such processes should lie with the individuals who have a fairly comprehensive knowledge of
the proposed or existing programme under consideration. The basic format of such
structuring is simple; identifying all necessary functions requires the understanding of the
'intra-agency' and 'inter-agency' interaction philosophy, of the scope and limitations of the
assigned tasks and of the organizational 'modus operandi'. It is worth noting here that one
individual or one group of individuals will, in most cases, perform multiple functions, and
therefore, it is extremely important that the attributes and relational bonds be carefully
designed and clearly understood. The efficiency of the structured programme obtained will,
for the most part, depend on its articulation and on the degree of thoroughness of its design.
Once all the criteria are met and the structure is in place, the programme will automatically
assume a 'process-dependent' nature and become 'dynamic' in behaviour.

20



REFERENCE

[1] UNITED STATES NUCLEAR REGULATORY COMMISSION, Criteria for
Preparation and Evaluation of Radiological Emergency Response Plans and
Preparedness in Support of Nuclear Power Plants, Federal Emergency Management
Agency, NUREG-0654, FEMA-REP-1, Rev. 1, USNRC, Washington, DC (1980).

21



RESULTADOS PRELIMINARES DEL XA9948991
PROGRAMA DE SEGUIMIENTO DE
SUCESOS RADIOLOGICOS EN EL
DISTRITO FEDERAL DE BRASILIA

R.S. CORREA, CM. DIAS,
I.G. NICOLI
Comissao Nacional de Energia Nuclear,
Brasilia,
Brasil

Abstract-Resumen

PRELIMINARY RESULTS OF THE PROGRAMME TO FOLLOW UP RADIOLOGICAL
EVENTS IN THE FEDERAL DISTRICT OF BRASILIA.

Since 1994, Brazil's Nuclear Energy Commission (CNEN) has been operating a
telephone 'hotline' and pager service in the city of Brasilia which allows members of the public
to report unusual situations involving radiation sources in the Federal District of Brasilia. One
report was recorded in 1994, five in 1995 and 20 in 1996. Among the devices found in the
Federal District following calls by concerned citizens were: a radioactive lightning rod, items of
odontological and medical X ray equipment, smoke detectors, materials with radionuclides from
research institutions and toxic materials. In the three-year period from 1994 to 1996, the
radioactive lightning rod and odontological and medical X ray equipment represented seventy
per cent of all the materials found. Until now, the Federal District has never experienced a real
radiological emergency, as there has been no incidence of a loss of control of a radioactive
source. By contrast, radiological events have occurred, and the difficulty they present is of a
psychological nature, since the radioactive symbol found on the materials frightens the
population. These facts show that emergency planning is necessary in the Federal District
because the radiological events which occurred there in 1996 represented thirty-five per cent of
all the events reported in the country.

RESULTADOS PRELIMINARES DEL PROGRAMA DE SEGUIMIENTO DE SUCESOS
RADIOLOGICOS EN EL DISTRITO FEDERAL DE BRASILIA.

Desde 1994, la Comision de Energia Nuclear del Brasil (CNEN) mantiene en la ciudad
de Brasilia un servicio telefonico de linea directa y de notification de llamadas que permite a la
poblacion comunicar situaciones inusuales relacionadas con el uso de fuentes de radiation en el
Distrito Federal de Brasilia. En 1994 se registro una denuncia, cinco en 1995 y 20 en 1996. Entre
los dispositivos hallados en el Distrito Federal como resultado de las llamadas hechas por
ciudadanos preocupados estaban los siguientes: una varilla de descarga radiactiva, elementos de
equipo de rayos X para fines odontologicos y medicos, detectores de humo, materiales con
radionucleidos provenientes de instituciones de investigation y materiales toxicos. En el periodo
de tres afios comprendido entre 1994 y 1996, la varilla de descarga radiactiva y el equipo de
rayos X para fines odontologicos y medicos representaron el 70% de todos los materiales
encontrados. Hasta el presente, el Distrito Federal nunca ha experimentado una verdadera
emergencia radiologica, ya que no ha habido ningun incidente de perdida de control de una
fuente radiactiva. Por el contrario, si han ocurrido sucesos radiologicos, y la dificultad aqui
radica en razones de indole psicologica: el simbolo radiactivo que llevan los materiales
atemoriza a la poblacion. Estos hechos demuestran la necesidad de la planificacion para casos de
emergencia en el Distrito Federal de Brasilia, ya que los sucesos que alii tuvieron lugar en 1996
representaron el 35% de todos los sucesos notificados en el pais.
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1. INTRODUCCIÓN

Aunque los beneficios generados por las tecnologías que utilizan fuentes de
radiación sean extremadamente positivos, no están descartadas situaciones anormales que
pueden conducir a un nivel de emergencia radiológica, a causa de fallas de los equipos,
errores de procedimientos, etc.

Un ejemplo claro de emergencia radiológica fue el accidente ocurrido en México
(1984), originado por la venta de una cápsula que contenía una fuente de cobalto 60,
perteneciente a una unidad de teleterapia, lo que causó el más grave accidente radiológico
de la historia de aquel país, con más de cuatro millones de personas expuestas a radiación
ionizante [1].

Otro caso se produjo en San Salvador (1989). Un defecto en el irradiador utilizado
para esterilización de productos médicos mató a un operador y expuso a altas dosis de
radiación a otros dos [2].

En Brasil, en 1987, la manipulación de un bastidor del equipo de radioterapia que
contenía cesio 137 provocó un accidente radiológico en la ciudad de Goiánia, estado de
Goiás, considerado el más grave del mundo en los últimos tiempos. Muchas personas
fueron expuestas y contaminadas, originando cuatro víctimas mortales. Hasta el día de
hoy las personas contaminadas necesitan de atención médica y continúan en observación
[3].

Felizmente en Brasil, desde 1987, ninguna emergencia radiológica fue tan grave
como la de Goiánia, siendo los casos más frecuentes los accidentes ocurridos en áreas de
radiografía industrial. En Brasilia, el uso de la energía nuclear está restringido a las
aplicaciones en medicina, industria e investigación. Como en ninguna situación, de 1994
a 1996, hubo perdida de control de fuentes radiactivas, los accidentes del Distrito Federal
se consideran de origen radiológico.

Dada la creciente preocupación que producen en la población los accidentes
causados por material radiactivo, las organizaciones que trabajan con energía nuclear han
dado especial importancia al entrenamiento en grupos para atender las posibles
situaciones de emergencia radiológica. La Comisión Nacional de Energía Nuclear
(CNEN) dispone de dos grandes sistemas de seguimiento de emergencias:

- Sistema Nacional de Investigación de Eventos Radiológicos (SINAER) [4].
- Servicio de Atención de Situaciones de Emergencia (SAER) [5].

El grupo de emergencia de la CNEN/Brasilia trabaja con estos dos sistemas.

2. METODOLOGÍA

El Grupo de Emergencia, al ser accionado por una llamada de radio o por
teléfono, sigue los procedimientos normales de emergencia radiológica, verificando todos
los parámetros que determinan las normas de seguridad y protección radiológica [6]
aplicables a una situación dada para tomar las posibles medidas.

La primera etapa de este procedimiento consiste en reunir el máximo de
informaciones relativas al caso, que se inscriben en un formulario de campo,
consiguiendo así una evaluación preliminar sobre la magnitud del evento.

Seguidamente, se seleccionan los equipos y materiales de seguimiento necesarios,
como detectores de rastreamiento y medición, y equipos de protección individual. Una
vez en el local indicado, se realiza el levantamiento radiométrico y se determina la fuente
radiactiva.
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En caso de ser necesario, lo que depende de la gravedad del evento, se notifica
éste al Sistema Nacional de Investigación de Eventos Radiológicos (SINAER/CNEN) y/o
se acciona el Servicio de Atención a Situaciones de Emergencia (SAER/CNEN).

Al final de la actuación, los participantes hacen un informe del evento
describiendo todos los resultados obtenidos, el cual se envía a la Dirección de
Radioprotección y Seguridad (DRS) de la CNEN.

3. RESULTADOS Y DISCUSIÓN

La Fig. 1 muestra un aumento significativo de eventos de origen radiológico en el
Distrito Federal, en los últimos tres años. Existen algunas hipótesis que pueden justificar
este aumento.

FIG. 1. Seguimiento de los eventos de origen radiológico en el período de 1994 a 1996 en el
Distrito Federal de Brasilia.

El accidente de Goiánia despertó a la población ante cualquier situación
radiológica, poniéndola siempre en alerta y lista para reaccionar.

Simultáneamente, debido a la nueva tendencia mundial hacia el uso pacífico de la
energía nuclear, poniendo los beneficios aportados por las nuevas tecnologías de esta área
cada vez más en el día a día de la población, el trabajo de la CNEN/DF está siendo
conocido y solicitado por la población.

Otro factor importante es la búsqueda de la calidad de vida por medio de la
información, conocimiento y la concienciación, buscando la seguridad asociada a las
instalaciones y las aplicaciones radiactivas.

La mayoría de los incidentes de origen radiológico fueron comunicados por la
población directamente a la oficina en 1996 (Fig. 2). En los años anteriores, quien
movilizaba al grupo de emergencia era la Defensa Civil o el Cuerpo de Bomberos [7].
Estos datos refuerzan la idea del proceso de conocimiento del trabajo de esta Comisión
por la población, como se decía más arriba.

Los tipos de materiales encontrados en los incidentes son chatarras de equipos de
rayos X odontológicos y médicos, pararrayos, detectores de humo, radionucleidos
procedentes de instituciones de investigación y otros materiales tóxicos. El símbolo de
tóxico muchas veces es confundido con el símbolo de radiación, lo que ocasiona que se
movilice al grupo de emergencia.
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Los equipos de rayos X y pararrayos representan el 70% del material encontrado
en este último año (Fig. 3). A pesar de que las chatarras de equipos de rayos X no ofrecen
ningún peligro real, el símbolo de material radiactivo fijado en ellos asusta a quien los
encuentra, creándose una "emergencia psicológica". Por otro lado, los pararrayos pueden
ofrecer un riesgo potencial de contaminación si el material radiactivo fijado en su
estructura metálica fuese dañado.

Las compañías que retiran pararrayos muchas veces no saben que es necesario
enviarlos a la CNEN, y cuando lo saben, desconocen el procedimiento necesario para
transportar este tipo de material. Con relación a los equipos de rayos X, es común que el
dueño del equipo lo venda a chatarreros que, por no saber qué hacer con las piezas que no
van a aprovechar, las depositan en las calles de la ciudad. A pesar de la creciente
divulgación del trabajo de la Comisión, la falta de información de estas personas es lo
que genera los incidentes.

_ _ 10%
65%

25%

D Cuerpo de bomberos

Q Defensa civil

• Oficina CNEN

FIG. 2. Tipos de movilización del grupo de emergencia del Distrito Federal de Brasilia en el
año 1996.
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35%
35%
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ü Pararrayos

D Material de investigación

Q Oíros

FIG. 3. Distribución en porcentajes de las emergencias en el Distrito Federal de Brasilia en
1996.
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La ausencia de procedimientos técnicos para la manipulación y almacenamiento
de material radiactivo en los laboratorios de instituciones de investigación del Distrito
Federal ocasionó un 10% de los eventos registrados y atendidos en el distrito de Brasilia,
conforme se ilustra en la Fig. 3.

4. CONCLUSION

Los eventos de origen radiológico en el Distrito Federal, en el período de 1994 a
1996, no se clasifican como emergencias radiológicas propiamente dichas, a pesar de
causar pánico en la población. El factor psicológico fue imperativo en esas situaciones.

El aumento del número de seguimientos radiológicos en Brasilia se debe al mayor
conocimiento por la población del trabajo de la CNEN. La divulgación de este trabajo se
da por los medios de comunicación (radio, periódicos y televisión) o por el propio grupo
cuando actúa en un evento. Los cursos promovidos en esta área por la CNEN en el
Cuerpo del Bomberos, Vigilancia Sanitaria, Administración de aeropuertos e
instituciones de investigación contribuyen a esta divulgación.

La planificación para el seguimiento de situaciones de emergencia es
fundamental, dado que el número de eventos de origen radiológico en el Distrito Federal
de Brasilia sigue aumentando. El riesgo de que ocurra un accidente real también existe,
dado que cada vez están más presentes en las ciudades actividades implicadas con fuentes
radiactivas.
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Abstract-Resumen

PLANNING FOR A RADIOLOGICAL EMERGENCY IN HEALTH CARE INSTITUTIONS.
The possible occurrence of accidents involving sources of ionizing radiation calls for

response plans to mitigate the consequences of radiological accidents. An emergency planning
framework is suggested for institutions which use medical applications of ionizing radiation. Bearing
in mind that the prevention of accidents is of prime importance in dealing with radioactive materials
and other sources of ionizing radiation, it is recommended that emergency instructions and
procedures address certain aspects of the causes of these radiological events. Issues such as
identification of radiological events in medical practices and their consequences, protective
measures, planning for an emergency response and maintenance of emergency capacity are
considered.

PLAN DE EMERGENCIA RADIOLÓGICA EN ENTIDADES DE SALUD.
La ocurrencia de posibles accidentes con fuentes de radiaciones ionizantes conlleva a la

necesidad de contar con planes de emergencia radiológica para enfrentar tales sucesos. En el presente
trabajo se brindan orientaciones para la elaboración del plan de emergencia en aquellas entidades con
aplicaciones médicas de las radiaciones ionizantes, así como se sugiere que algunos aspectos
relacionados con las causas que originan estos sucesos radiológicos sean incluidos en los instructivos
y/o procedimientos de emergencia. Se abordan los siguientes tópicos: Identificación de los sucesos
radiológicos que pueden tener lugar en cada una de las prácticas y sus consecuencias; medidas de
respuesta a la emergencia; plan de respuesta y mantenimiento de las capacidades de respuesta.

1. INTRODUCCIÓN

En el campo de la medicina, a pesar de las precauciones que se toman, pueden ocurrir
accidentes por fallas tecnológicas o humanas que conduzcan a la sobreexposición de pacientes y
en general a la exposición de trabajadores y del público, así como a la contaminación del medio
ambiente. Para la actuación ante estos accidentes, es necesario contar con un Plan de
Emergencia Radiológica que incluya el análisis de cómo varían las condiciones normales
durante el accidente, los posibles tipos de accidentes representativos que pueden tener lugar en
cada una de las prácticas, sus posibles magnitudes y consecuencias, así como las acciones de
emergencia a tomar para su liquidación. La experiencia a demostrado que el Plan de
Emergencia es una herramienta esencial para la mitigación de las consecuencias del accidente.
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Con el presente trabajo se pretende brindar la información básica necesaria para la
elaboración del Plan de Emergencia Radiológica de una entidad con aplicaciones médicas de las
radiaciones ionizantes, al tiempo que se sugiere la introducción de instructivos para minimizar
la ocurrencia de sucesos radiológicos debidos a fallas humanas y tecnológicas.

2. PLAN DE EMERGENCIA RADIOLÓGICA

2.1. Aspectos generales

Se deben contemplar en el documento los objetivos que se persiguen con el plan, los
posibles sucesos y escenarios de accidentes, su clasificación, vías de exposición, criterios para el
establecimiento de niveles de actuación, medidas protectoras, niveles de intervención,
organización para la respuesta a la emergencia y aseguramiento médico y material disponible.
Es importante incluir la localización y el tipo de las fuentes usadas. Los locales donde se ubican
las fuentes deben ser ampliamente detallados. También se debe contar con esquemas del centro
con las simbologías y señalizaciones correspondientes.

2.2. Posibles sucesos radiológicos y sus consecuencias

En este acápite se deben incluir los posibles accidentes radiológicos a tener en cuenta en
la elaboración del plan. Entre los tipos de accidentes potenciales encontramos:

1) Extravío o pérdida de la fuente radiactiva. En este aspecto se consideran
fundamentalmente las fuentes usadas en los laboratorios de medicina nuclear y
braquiterapia entre las cuales encontramos 1-131, Cs-137, Ra-226, Ir-192, 1-125 y
otras.

2) Fuente radiactiva que queda desprovista del blindaje durante una operación de rutina.
Este tipo de accidente puede tener lugar en los equipos de teleterapia con fuentes de
Co-60 y Cs-137 cuando, tras finalizar la irradiación, la fuente queda desprotejida al
no regresar nuevamente a la cápsula blindada, provocando una sobredosis al
paciente.

3) Dispersión del material radiactivo. Ocurre generalmente cuando se trabaja con
fuentes abiertas, como en medicina nuclear.

Atendiendo a la complejidad de los servicios que se prestan con fuentes de radiación
ionizante en las entidades de salud, y la particularidad de trabajar directamente con el paciente,
deben ser debidamente identificados los posibles sucesos radiológicos. Con el objetivo de
minimizar estos sucesos, sugerimos que se elaboren instructivos y/o procedimientos donde se
relacionen los posibles sucesos en cada una de las prácticas y las guías para su prevención y/o
detección temprana. En el Cuadro I se muestra una relación de posibles eventos, destacándose
las causas que pueden dar lugar a accidentes en las diferentes prácticas.

También se debe tomar en cuenta la práctica de radioinmunoensayo en las entidades
donde ésta se realice.

El conocimiento de las causas que pueden provocar accidentes en la práctica médica
constituye un factor importante para evitar el desencadenamiento de un posible accidente. La
irradiación al paciente o al tejido errado, así como el uso incorrecto de una fuente, pueden
causar una dosis o tasa de dosis significativamente diferente a la prescrita, lo cual puede
constituir una exposición accidental.

El derramamiento o dispersión de material radiactivo en un centro de salud no puede ser
absolutamente previsto y puede ocurrir en el laboratorio, en los pasillos durante el transporte del
material o en alguna sala de espera de un hospital cuando un paciente vomita. En estos casos, la
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contaminación de zapatos, ropas, etc. debe ser debidamente controlada para evitar la
diseminación del material contaminante por otras áreas de la entidad. Generalmente, los
accidentes de mayor gravedad se pueden dar en el laboratorio donde se manipulan los
radionucleidos con una actividad relativamente alta.

CUADRO I. POSIBLES SUCESOS RADIOLÓGICOS QUE PUEDEN TENER LUGAR EN
LAS DIFERENTES PRACTICAS

Sucesos radiológicos TELE BRAQ ACEL ROEN M.N.

- Omisión de la vigilancia o escasa protección + + + + +
radiológica

- Equivocación en el cálculo de dosis + + + + +
- Equivocación al identificar al paciente + + + + +
- Equivocación al definir la región anatómica de + + + + -

tratamiento
- Pérdida o robo de fuentes + + - - +
- Incendio en los locales + + - - +
- Error en los dosímetros de calibración de los haces + - + + -

de radiaciones
- Equivocación al introducir datos en el computador + + + + -
- Equivocación al verificar el etiquetado del - - - - +

radiofármaco
- Equivocación al dosificar la actividad - - - - +
- Omisión de verificar la dosis prescrita + + + + +
- Vómito por broncoaspiración con Tc-99m - - - - +
- Incorrecta utilización de fuentes - + — — +
- Procedimientos inadecuados para el implante de las - + - - -

fuentes en el aplicador
- Fallas del equipo + + + + -
- Extracción indebida de las fuentes del paciente - + - - -
- Fallas de comunicación entre el personal + + + + +

- Pérdida de hermeticidad de la fuente + + — - —

- Derrame de material radiactivo - - - - +

- Fallas de carga y descarga en el transporte del - + - - +
material radiactivo

- Evacuación inadecuada de desechos radiactivos _ + _ _ +

(TELE = teleterapia; BRAQ = braquiterapia; ACEL = acelerador lineal; ROEN = Roentgenoterapia;
M.N. = medicina nuclear; (+) posible su ocurrencia; (-) no posible su ocurrencia.

Por sus consecuencias, los accidentes se clasifican, considerando su extensión, en las
siguientes categorías:

Nivel 1 - las consecuencias son limitadas a un solo local;
Nivel 2 - las consecuencias son limitadas al perímetro de la entidad;
Nivel 3 - las consecuencias sobrepasan los límites de la entidad;

y por sus consecuencias radiológicas, en:
-Contaminación interna;
-Exposición externa;
-Potencial en producir una dosis colectiva significativa.
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2.3. Medidas de respuesta a la emergencia

La selección de las medidas más apropiadas y/o practicables en una emergencia depende
de las características geográficas y las circunstancias del accidente.

Tipo de medidas protectoras:
-Reducir la exposición individual y colectiva.
-Recobrar el control de la fuente de radiación y del lugar para volver a la normalidad.
En el plan se debe contemplar, en cada caso, el tipo de medida. Las posibles medidas de

respuesta a tomar son las siguientes:
-Control de acceso y egreso.
-Evacuación del personal.
-Suspensión de la práctica.
-Uso de medios de protección.
-Descontaminación individual.
-Descontaminación de área.
-Intervención médica.
-Administración de yodo estable.
Entre las medidas consideradas figura la "suspensión de la práctica", un elemento nuevo

aplicado a los servicios médicos y que se refiere a la paralización de cualquier servicio ante una
situación anormal. Un ejemplo de ello es cuando una falla o error de calibración en un sistema
de radioterapia puede provocar una sobreexposición a los pacientes, observándose alteraciones
en la respuesta al tratamiento. En estos casos esta medida, seguida de la asistencia médica
especializada, es la más indicada.

2.4. Otros aspectos a considerar en la planificación de la respuesta a la emergencia

Otros aspectos importantes a tomar en cuenta en todo plan de respuesta a la emergencia son:
1) Identificación y organización de las autoridades y del personal responsables de las

acciones de emergencia.
2) Establecimiento de procedimientos para la actuación en una situación de

emergencia.
3) Plan para la notificación de una situación de emergencia a las autoridades

correspondientes.
4) Identificación del equipamiento apropiado para la vigilancia radiológica.
5) Desarrollo de un sistema de niveles de intervención basado en parámetros que

puedan ser medidos.
6) Medidas para garantizar el apoyo exterior.
7) Aseguramiento técnico-material.
8) Aseguramiento médico.
9) Entrenamiento, reentrenamiento y capacitación del personal.
10) El responsable de protección radiológica de la entidad deberá dar conocimiento de

los instructivos de emergencia a todo el personal que trabaje con fuentes de
radiaciones ionizantes.

2.5. Mantenimiento de las capacidades de respuesta

Con el objetivo de mantener las capacidades de respuesta a emergencias es necesaria la
revisión, actualización y distribución del Plan y de los procedimientos de emergencia, la
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realización de entrenamientos y ejercicios y la vigilancia, el inventario y el mantenimiento de
los medios de respuesta.

3. CONCLUSIONES

El presente artículo, que prevé la introducción de nuevos elementos de prevención,
puede servir de base para la elaboración del Plan de emergencia radiológica para entidades
usuarias de aplicaciones médicas de las radiaciones ionizantes. Mediante la introducción de los
instructivos y/o procedimientos propuestos por el presente trabajo, se contribuirá a evitar y/o
detectar una serie de sucesos radiológicos con graves consecuencias para el hombre y el medio
ambiente.

BIBLIOGRAFÍA

CENTRO DE PROTECCIÓN E HIGIENE DE LAS RADIACIONES, PROTECCIÓN
RADIOLÓGICA (CUBA), Guía para la confección del plan de emergencia radiológica por las
entidades usuarias de fuentes emisoras de radiaciones ionizantes, CPHR PR 92-03.

COMISIÓN INTERNACIONAL DE PROTECCIÓN RADIOLÓGICA, Recommendations of
the International Commission on Radiological Protection, Publicación 60, Pergamon Press,
Oxford y Nueva York (1991).

COMISIÓN INTERNACIONAL DE PROTECCIÓN RADIOLÓGICA, The Principles and
General Procedures for Handling Emergency and Accidental Exposures of Workers,
Publicación 28, Pergamon Press, Oxford y Nueva York (1978).

Comunicaciones personales suministradas por funcionarios del Instituto Nacional de Oncología
y Radiobiología - INOR, La Habana (1996).

DAS, K.R., SUPE, S.J., "Accidental Fall of a 3000 Curie Cobalt-60 Source in a Teletherapy
Room and its Retrieval", Handling of Radiation Accidents (trabajo presentada en simp.),
Organismo Internacional de Energía Atómica y Agencia para la Energía Nuclear de la
Organización de Cooperación y Desarrollo Económicos, Viena, febrero de 1977.

NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS,
Management of Persons Accidentally Contaminated with Radionuclides, NCRP Rep. No. 65,
Bethesda, MD (1980).

NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS,
Precautions in the Management of Patients Who Have Received Therapeutic Amounts of
Radionuclides, NCRP Rep. No. 37, Bethesda, MD (1970).

NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS,
Specification of Gamma-ray Brachytherapy Sources, NCRP Rep. No. 41, Bethesda, MD
(1974).

NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS,
Radiation Protection for Medical and Allied Health Personnel, NCRP Rep. No. 48, Bethesda,
MD (1976).

ORGANISMO INTERNACIONAL DE ENERGÍA ATÓMICA, Niveles de Intervención
Derivados para su Aplicación al Control de las Dosis de Radiación al Público en caso de
Accidente Nuclear o de Emergencia Radiológica, Colección Seguridad N° 81, OIEA, Viena
(1988).

31



ORGANISMO INTERNACIONAL DE ENERGIA ATOMICA, El Accidente Radiologico de
Goiania, OIEA, Viena (1989).

ORGANISMO INTERNACIONAL DE ENERGIA ATOMICA, Emergency Planning and
Preparedness for Accidents Involving Radioactive Materials Used in Medicine, Industry,
Research and Teaching, Coleccion Seguridad N° 91, OIEA, Viena (1989).

ORGAMSMO INTERNACIONAL DE ENERGIA ATOMICA, "Lecciones aprendidas de
accidentes en radioterapia", Curso regional de capacitacion sobre protection radiologica en la
practica medica, Rio de Janeiro (1994), Lessons Learned from Accidents in Radiotherapy,
Safety Report, en vias de preparation, Viena.

ORGANISMO INTERNACIONAL DE ENERGIA ATOMICA, Planificacion de las Medidas
de Emergencia en el Exterior del Emplazamiento en caso de Accidente Radiologico en una
Instalacion Nuclear, Coleccion Seguridad N° 55, OIEA, Viena (1982).

ROJKIND, R.H., KUNST, J.J., GISONE, P., PALACIOS, E., "Accident in a linear electron
accelerator for medical use" (Actas IRPA 9-International Congress on Radiation Protection,
Viena 1996) Vol. 3, Viena (1996) 3-505.

SACC, R.A., "Accidentes fatales con radiaciones ionizantes, originados en la practica medica",
(II Congreso Regional de Seguridad Radiologica y Nuclear noviembre de 1993), Zacatecas
(1993).

32



AVOIDING RADIOACTIVE ACCIDENTS XA9948993
IN ISRAEL IN 1996-1997: A SUMMARY
OF INCIDENTS

M. KEREN, E. NE'EMAN,
J.J. ROZENTAL, S. BRENNER
Tel Aviv University Medical School,
Radiation Safety Division,
Institute for Environmental Research,
Ministry of the Environment,
Tel Aviv,
Israel

Abstract

AVOIDING RADIOACTIVE ACCIDENTS ESf ISRAEL 1996-1997: A SUMMARY OF INCIDENTS.
In Israel there is a great awareness for the need to avoid radioactive accidents. This

awareness became greater after the radiological accident in Soreq in 1990. Some of the
recommendations of the IAEA committee which investigated this accident were aimed at the
competent authorities. The main recommendation was to improve inspection and procedures [1]. The
Radiation Safety Division of The Ministry of the Environment is the authority competent to issue a
license to applicants seeking to work with radioactive materials in Israel. The notification,
justification, registration and 'as low as reasonably achievable' (ALARA) principles are important
requirements to obtain such a license. One of the conditions of the license is that an authorized
Radiation Safety Officer (RSO) be in charge of all radiation safety aspects and procedures in the
applicant's facilities. Several incidents occurred between 1 January 1996 and 30 June 1997; they
would not have, if the users had operated within the law. Some might have ended with serious
consequences had the RSO not made the right judgement. The information on these incidents was
communicated to the Radiation Safety Division by the RSOs or by other individuals concerned about
safety.

1. INTRODUCTION

The Radiation Safety Division (RSD) of the Ministry of the Environment is
responsible for the protection of the Israeli public and environment against the hazards of
radiation. This Division has the authority to issue licenses to applicants seeking to use
radioactive materials or instrumentation. The Radiation Safety Division applies national and
international regulations and maintains safety by enforcing these regulations. During the
period from January 1996 to the end of June 1997, certain incidents were investigated by the
Chief National Radiation Safety Officer (CNRSO) of the Division.

2. DESCRIPTION OF THE INCIDENTS

2.1. Incident A: Tritium, 1.11 GBq (30 mCi)

A. The mother of a student in a vocational school complained to the CNRSO that her
son had been exposed to tritium gas. The family had recently immigrated to Israel from the
Commonwealth of Independent States and was greatly aware of the hazards of radioactivity.
Our investigation revealed that:

B. The son was attending a special programme where young students learn how to
overhaul instruments. Some of those instruments were compasses which incorporate tritium
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sources to produce light. The son had said that he had broken two tubes on different
occasions.

C. The maximum activity in a single tube was 1.11 Gbq (30 mCi). In Annex 1 we
present calculations to show that the exposure to the students and the public was negligible.

D. The school did not have the license required for this practise. The justification,
notification and registration rules were violated.

E. There was no Radiation Safety Officer (RSO) in the school. The mother acted as
the RSO by notifying the competent authority.

F. STEPS TAKEN: In accordance with the CNRSO's request and the ALARA
principle, the school stopped using radioactive materials. One compass is kept to demonstrate
the effect of 'Betalight'.

2.2. Incident B: Am/Be 3.7 Gbq (100 mCi)

A. CNRSO planned a routine inspection at an agricultural experiments laboratory
situated in the Jordan valley. The RSO decided to be prepared for that visit and to check the
soil humidity gauge which incorporates a 3.7 Gbq (100 mCi) Am/Be source.

B. Several weeks had passed since the instrument had last been used. When the RSO
opened the casing he noticed that a certain amount of paraffin had spilled out of the gauge. In
Annex 2 it is shown that there was no danger to him nor to the public.

C. The license of the laboratory was for one gauge, meaning one source, but in
actuality we found two. The second source (the one which was damaged) belonged to another
laboratory. According to the conditions of the license, the 'donor' was required to check
whether the 'user' had the appropriate license and facilities for using two sources.

D. The rules of notification, justification and registration were violated by both
parties.

E. STEPS TAKEN: Since the project requiring soil humidity measurements was
coming to an end and in keeping with the ALARA principle, we and the user decided to stop
activities involving radioactivity and the sources were evacuated. A complete radioactive
source survey was undertaken at the facilities of the 'donor' in order to verify that no other
sources were travelling around the country. A warning was issued to not repeat this violation
of the regulations.

23. Incident C: "Mo 7.4 Gbq (200 mCi)

A. A car used for the transport and supply of radioactive materials was parked by the
driver's home for the night while containing three generators of "Mo. Unfortunately it was
stolen and never found again.

B. One generator was three weeks old, the second two weeks old and the third only
one week old. All of them had been returned by a customer who had received new units.

C. The risk assessment in Annex 3 shows that the hazard for the public and the
environment was negligible.

D. The Radiation Safety Division was notified immediately by the RSO of the
institute.

E. STEPS TAKEN: The regulations of the Institute in question were updated as
follows:

1) Cars used to transport radioactive materials should be parked only at the
Institute's parking area, even when they are not transporting radioactive materials.
2) Generator aged less than two weeks should not be returned.
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2.4. Incident D:137 Cs 0.74MBq (20u€i)

A. A producer of radiation monitoring instruments had to inspect its products in a
quality assurance laboratory. In order to verify real readouts, the instruments were
accompanied with some small calibration sources; one of them being 137Cs with an activity of
0.74 MBq. This source was lost.

B. The quality assurance laboratory in question was very large, and one of its
departments held a license from the Radiation Safety Division. An RSO was also on the staff
of this department, but he was not notified that work involving radioactivity would be
conducted in another department.

C. In the department where the tests were done, nobody had any background on
radioactivity or knew that it was necessary to report this type of work.

D. The customer, who was very aware of the regulations on radioactive materials, did
not train his counterparts in the laboratory or warn the staff about the nature of the work they
were about to undertake.

E. STEPS TAKEN: The hazards were minimal, but the steps of notification and
registration were not taken. We took the steps of providing training, improving regulations
and warning procedures.

2.5. Incident E: "'Co 0.37GBq (9.5 mCi)

A. Early in the morning, hot molten steel was accidentally poured on the housing of a
60Co height gauge instead to the container used for this purpose.

B. The shift manager immediately called the RSO, who was still at her home. She
gave instructions to stop work and requested that workers and other staff remain at a safe
distance from the source. She reported the incident to one of the largest private laboratories
working with radioactivity in Israel.

C. The inspector of that laboratory arrived close to one and a half hours after the
announcement and monitored the area. The results of the monitoring are presented in Annex
5. Neither the workers nor the public were exposed to any danger.

D. Generally, the actions taken were correct. The CNRSO of the Ministry of the
Environment should also have been notified. The inspector should have been at the site more
promptly.

E. STEPS TAKEN:
1) The gauge was dismantled and later transferred to a radioactive waste disposal site.
2) Regulations were changed so that the CNRSO would be notified first.

2.6. Incident F: Radiography

A. Background: the RSD is kept informed daily by all companies carrying out
radiographic activities at their installations about the location, the time of day and duration,
and the activity of the sources involved in their tasks. This is one of the requirements to
obtain a license.

B. The RSD was informed that a worker in an industrial plant was in hospital with a
red eruption on his skin and strong feeling of nausea. The worker complained that this was
due to radiographic filming the preceding night (!).

C. A rapid verification in the logbook of the RSD indicated that such activity had
been planned for later that night only, when the worker was expected to be at home. We
checked with the radiography company and safety authorities at the plant and confirmed that
no radiographic work had been conducted during the shift of the worker.
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D. During our investigation we found that radiographic work had been conducted in
the adjoining plant during the worker's shift, but too far to cause any possible effect on the
worker. This radiographic work was done by a different company which had violated the
requirement of informing the RSD before undertaking any radiographic filming.

E. In the meantime, the doctors at the hospital informed us that the worker had
pneumonia.

F. STEPS TAKEN: Since the condition of notification was violated, the license of the
radiographic company was suspended until its manager explained his behaviour and proved
that he had taken the actions necessary to avoid such incidents in the future.

ANNEXES

ANNEX 1 [2]

A. While overhauling a compass, the student broke one tube of 1.11 Gbq (30 mCi) of
3H. The gas escaped to the atmosphere of the class. The student and his friends were exposed
to the gas for 45 minutes, the usual duration of a lesson.

B. Assuming that the gas spread uniformly in the room ( 3 x 5 x 1 0 = 150 m3) and that
the concentration stayed the same, then the maximum concentration was 7.4 x MBq/m3. DAC
of 3H (gas) was 2 x 1010 Bq/m3 (Table I) and for the public we took 2% of it or 4 x 108Bq/m3.
Then the maximum concentration was only some 2% of the allowed limit.

C. To be on the safe side, we calculated the real dose the students were exposed to.
Assuming that the gas spread uniformly in the room ( 3 x 5 x 1 0 = 150 m3) and that the
concentration stayed the same, then the gas concentration for one m3 was 7.4 MBq/m3. Since
the dose rate to the lungs from exposure to pure 3H gas of concentrate of 37 MBq/m3 was 0.5
fj.Sv/h (0.05 mr/h), then for 45 minutes the exposure was 0.075 uSv:

7.4 MBq/m3 x 0.5 uSv/h * (3/4h)/37 MBq/m3 = 0.075 u-Sv (1)

D. The main risk was not from the gas but from the quantity of tritiated water —
HTO — that can usually be found in such a tube. As a severe risk assessment, we assumed
that 2% of the overall activity was of HTO. In such a case, the maximum activity of HTO in
one tube would have been 2.22 x 105 Bq, which was very much below the annual limit of
intake (ALI) of HTO — 3 x 109 Bq (Table I). This result was good even for 2% of this
quantity, as a limit for the public.

E. The concentration of HTO in one m3 of air could have been: 7.4 MBq x 2% = 0.15
MBq/m3 maximum. This concentration was about 1% of the maximum allowed to the public,
if we took 2% of the DAC — 8 x 105 Bq/m3 (Table I).

F. A normal man breathes 20 L/min or 1.2 m3/h. Therefore the maximum activity of
HTO absorbed in the lungs for 45 minutes of a lesson was :

0.15 MBq/m3 x 1.2 m3/h x (3/4h) = 0.135 MBq (2)

G. The dose absorbed to the lungs from 37 MBq 3H as HTO is 0.66 JJ.SV. The DAC
(Table I) considered that in addition to any dose of 3H absorbed by the lungs, the same dose
was absorbed by the skin. So we had 2.4 x io~3 ̂ Sv from the lungs:

0.135 MBq x 0.66 (aSv/37 MBq = 2.4 x 10'3 uSv (3)

36



H. By adding (2) and (3) and again (3) for skin absorption, we obtained a dose to each
student of less than 0.08 uSv — negligible when compared to the maximum allowed for the
public, 1 mSv/y [3].

ANNEX 2 [5]

A. The soil moisture gauge contained an 241Am/9Be source of 3.7 * 109 Bq (lOOmCi).
The reaction was:

9Be (a,n) 12C (4)

The average energy of the neutrons was 4.5 MeV.
B. The source was positioned in the middle of a 20 x 20 cm cross section of a paraffin

block. The length of this block was around 50 cm and the source was at a distance of some 25
cm from each edge. The paraffin acted as a moderator of the fast neutrons produced in the
source.

C. Because the gauge was very old, detailed technical information about it was not
available. The quantity of paraffin in the instrument was estimated to be 3.6 litres. The
quantity of paraffin which spilled out of the gauge was of the order of 200-300 cm3.

D. Measurements of actual gamma radiation on the surface of the instrument showed 4-5
p.Sv/h, compared with 3-4 uSv/h measured when the risk assessment was prepared some two
years ago [5].

E. According to the technical manual of a similar, but more recently built instrument,
the maximum neutron radiation on the surface of the instrument can reach 6 |j.Sv/h at the
closest point between the source and the surface and 1.5 ^Sv/h on top of it [6]. Since the
paraffin spillage was from the top of the instrument, we assumed that no significant change of
external radiation had taken place. Measurements verified this assumption.

F. The gauge was in a special warehouse, far away from the laboratory and offices.
The agricultural experiments station is isolated, away from any inhabited area.

G. Conclusion: Neither the employees nor the public were exposed to any hazard.

ANNEX 3

A. On a per capita basis, Israel is probably the country in the world with the highest
car theft rate. It is known that most of the vehicles stolen are taken across the border for daily
use or spare parts.

B. Based on the above, we assumed that the three generators were dropped off at some
remote waste disposal site. Due the short half-life of the sources (Table I) it was easy to
assess that neither the public nor the environment were exposed to any danger.

C. Conceivably, someone may have tried to burn the packages. The packages in which
the sources were placed were of the A category. In a fire experiment we conducted which
lasted 30 minutes, the polystyrene cover burned and the ABS container melted down, but the
internal container was not affected: the plastic ampoule remained closed and the shielding
undamaged.
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TABLE I. CHARACTERISTICS OF THE SOURCES IN THE INCIDENTS REPORTED
[4].

Material

3H(Gas)

HTO

241Am

99Mo

137Cs

60co

Total activity (Bq)

1.11 x 109

2.22 x 107

3.7 x 109

7.4 x 109

7.4 x 105

3.7 x 108

Radiation

P
P
a

Y

Y

Y

Half-life

12.3 years

12.3 years

432 years

66 hours

30 years

5.3 years

ALI (Bq)*

-

3x 109

2xio2

4x 10?

4x 106

2x 107

DAC (Bq/m3)t

2x lolO

8x io5

8 x 10-2

2x 104

2x 103

5x102

* ALI = Annual limit air intake.
t DAC = Derived air concentration.

ANNEX 4

A. An investigation of all the persons involved revealed that the most possible
scenario was that a cleaning person threw the source into the waste container. During work in
the lab, the source had been attached to a stand with a tape and all of the tape was gathered
and thrown away.

B. In case someone is holding the source:

the activity of the source was: 0.74 MBq. and

the k factor of I37Cs is: 0.089mSv x m
2/GBq x h,

so at 1 metre from the source, according to the equation:

R = k x Q / r
2 (5)

we obtained a dose rate of: 6.6 x 10"2 jaSv/h. If a person holds the source 1 cm from his body
the dose rate will be 10" times higher: 660 \iSv/h. Hundreds of hours should pass until some
real damage will occur, if someone holds the source continuously close to his body.

C. Since no complaint had been registered, we determined that there was no hazard to
the public nor to the environment.

ANNEX 5

A. After the molten steel was accidentally poured onto one of the two nuclear gauges,
some drops of lead were observed on the surface of the shielding. The dangers considered by
the private inspector were:

1) High Radiation to the environment.
2) Radioactive contamination.
B. A complete loss of shielding would have caused 1.3 mSv/h at a distance of 1 metre

or 13 uSv/h at 10 metres. Both of these values were high. In actuality, a radiation field of
5 p.Sv/h was measured 1 metre from the source.
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C. The assumption of radioactive contamination was not confirmed. The temperature
of the steel had been 1490°C but it had dropped quickly as it was exposed to the air; it was
not possible that such a high temperature would reach the centre of the gauge.

D. Later, a sample of lead was examined in the laboratory, but no traces of
radioactivity were found.

E. Because of the heat, there was no possibility to switch off the shutter of the gauge.
Later it was dismantled and moved to an isolated area. It was finally discarded at a waste
disposal site.

F. Since the plant was located in an industrial zone away from populated areas and the
actual radiation level was small, there were no hazards to the population.
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Abstract

RADIATION PROTECTION MEASURES APPLIED DURING THE AUTOPSIES ON THE
CASUALTIES OF THE GOIANIA ACCIDENT.

The most seriously affected casualties of the radiological accident caused by the opening of a
source capsule in Goiania were treated at the Marcilio Dias Naval Hospital (HNMD) in Rio de

Janeiro in the period from October to December 1987. Four of the injured died in October. The
autopsies were performed at this institution. Due to the external and internal contamination presented by
these victims, specific radiation protection procedures were adopted to enable the medical team to
perform their duties. The radiation protection staff, under the co-ordination of technicians of the
Brazilian Nuclear Energy Commission (CNEN), were responsible for the preparation of the autopsy
room and for advising the professionals on duty during these events. The radiation protection staff took
specific measures to prevent the spread of contamination throughout the hospital, the contamination of
persons attending the autopsies and to minimize any radiation dose to the medical and professional
team. The measures aimed at personal control and the preparation of the autopsy room are described as
well as the radiation protection steps applied in connection with the performance of the autopsies, the
emplacement of the bodies into the coffins and their transport back to Goiania.

1. INTRODUCTION

In September 1987, the removal and rupture of a 137Cs source capsule with an activity of
some 51.8 TBq (1400 Ci) from an abandoned radiotherapy centre in Goiania, Brazil, caused the
contamination of many people. Those who were most likely to have been contaminated were
identified and directed to the Olympic stadium for screening [1].

After triage, the persons believed to have suffered overexposure were admitted to the
Goiania General Hospital. Following a medical evaluation of these patients taking into account
their exposure histories, a clinical examination and the results of external monitoring and
laboratory analyses, the most seriously affected patients were transferred to the Marcilio Dias
Naval Hospital (HNMD) in Rio de Janeiro. The HNMD, a referral centre for radiation accident
casualties, admitted 14 victims in four distinct groups. Four patients did not respond to
treatment and died in October [2].

The four bodies were monitored and submitted to the usual post-mortem procedures. At
the instruction of the radiation protection staff the bodies were placed in double plastic sacks
specifically designed for the transport of corpses so as to avoid contaminating the morgue
freezer located in the Pathological Anatomy Service, where they were held awaiting autopsy.
Both the corpses and the freezer door were affixed with labels containing the radioactive
material symbol and pertinent information such as the date of monitoring and the highest
exposure rate detected [3].
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2. RADIATION PROTECTION MEASURES

The autopsies were performed on 24, 25 and 26 October 1987 in the autopsy room of
the Pathological Anatomy Service of the HNMD [3] with the support of the radiation protection
staff co-ordinated by the Brazilian Nuclear Energy Commission (CNEN). Based on the
radiological characteristics of the materials to be handled, the radiation protection staff set up a
specific plan in order to minimize the potential dose to the technicians and the risks of
individual and area contamination, while also reducing the possibility of the spread of surface
contamination.

The first step was to arrange a meeting with the radiation protection technicians and the
professionals who would perform the autopsies. There, the radiological risks of the operation
and the medical and radiation protection steps to be undertaken were explained and discussed in
detail, hi order to minimize the generation of liquid waste as well as the spread of contamination
by splashing, the 'dry autopsy' approach was agreed.

The second consisted in conditioning the autopsy room to prevent the radioactive
contamination of installations, equipment and instrumentation. A control point was installed at
this location for time control, dose control, radiological monitoring and the supply of radiation
protection material. A contamination detector was set up at this control point to monitor every
person, object or material before it left the controlled area. In the autopsy room the floor, tables,
chairs, benches, walls and other implements were covered by a plastic sheet.

During the autopsies proper, the medical team wore the usual surgery clothes, plastic
overalls, glasses, double plastic gloves and overshoes.

Contamination of the instruments which came into contact with the contaminated
tissues, organs and body fluids could not be avoided. Therefore, after they had been used, the
instruments were sent to the Instituto de Engenharia Nuclear (the Nuclear Engineering Institute—
IEN) for decontamination.

Individual dosimetry was conducted using pocket dosimeters and TLD personal
dosimeters. In addition, the professionals who came into direct contact with the corpses were
monitored by TLD dosimetric ring. To minimize the individual doses, the medical team and the
technicians took turns during the two hours each autopsy lasted [3,5]. Whenever possible, the
instruments and tubes were not directly manipulated. Body fluids were absorbed with foam.
They were then recovered by squeezing the foam and draining the resulting liquids in a metal or
plastic recipient which was later collected by CNEN. The maximum dose registered during the
autopsies was 0.15 mSv (15 mrem) [4,6],

The anatomic segments were weighed and radiologically monitored. The results of
monitoring are showed in Table I. The samples from each autopsy were put in the appropriate
solutions and were identified, isolated and labelled as radioactive material, pending their
transfer to the Instituto de Radioprotecao e Dosimetria (Radiation Protection and Dosimetry
Institute).

At the end of the procedure, the corpses were suitably packed and covered with a lead
sheet. The packed corpses were placed into coffins and the exposure rates were measured
twice, once at a distance of 40 cm and again at 1 m [3]. Finally, the coffins were transported
to the airport in Rio de Janeiro and flown to Goiania. The autopsy room of the Pathological
Anatomy Service of the HNMD, was radiologically monitored and considered free for normal
use.
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TABLE I. MAXIMAL EXPOSURE RATE FROM RADIOLOGICAL MONITORING OF
SELECTED ORGANS DURING THE AUTOPSIES

Organs

Brain

Large intestine

Small intestine

Liver

Right lung

Left kidney

Bone marrow

Heart

Ovary

Fallopian tube

Womb

Pancreas

Patient

Beta,
uGy/h

66

132

165

66

660

594

132

268

660

990

268

132

L.N.F.

Gamma,
nC/kg-h

3900

520

1820

7800

2080

1300

520

1300

1300

780

520

520

Patient
M.G.A.F

Gamma,
nC/kg-h

5.2

39.0

39.0

104.0

26.0

18.2

*

18.2

*

*

*

10.4

Patient
A.A.S.

Gamma,
nC/kg-h

78.0

26.0

78.0

78.0

52.0

78.0

13.0

39.0

NA

NA

NA

20.8

Patient
I.B.S.

Gamma,
nC/kg-h

78.0

182.0

104.0

130.0

78.0

52.0

*

78.0

NA

NA

NA

52.0
(*) Results below detection limit.
NA = Not applicable.

3. CONCLUSIONS

Autopsies are known and commonly practised procedures. However, the absence of
radiation protection procedures applicable to autopsies called for the development and testing
of a specific methodology. In this regard, the radiological accident in Goiania afforded the
medical team, forensic pathologists and radiation protection staff co-ordinated by the CNEN
technicians the opportunity to pioneer a new technique at the national level.

The presence of radiation protection technicians provided the safety framework
necessary for the health and forensic specialists to perform their tasks, as described in Ref.
[2].

The procedures agreed and implemented proved effective: no instance of personal nor
surface contamination was recorded and the individual doses were low, account taken of the
exposure rate levels of the corpses.

As a consequence of the actions of the radiation protection staff at the HNMD, a
technical capability was developed which can be used in similar situations at the national and
international levels.
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Abstract-Resumen

RADIOLOGICAL EMERGENCIES: THE ROLE OF THE ARCAL PROJECT.
The Latin American countries have undertaken various nuclear development programmes

while at the same time making considerable efforts to strengthen radiation protection. Since 1985,
activities in this field, carried out with the technical co-operation of the IAEA (International Atomic
Energy Agency) under the ARCAL (Regional Co-operative Arrangements for the Promotion of
Nuclear Science and Technology in Latin America) Programme have produced satisfactory results.
The ARCAL Programme started with 10 countries and nine projects, one of the most important being
the project entitled "Radiation Protection" (ARCAL I) carried out in two phases: 1985-90 and 1991-93.
Work continued with ARCAL XVII (1994-96), entitled "Radiation Protection Legal Framework", in
which 18 countries participated. ARCAL XX entitled "Control of Radiation Sources" is currently
under way. ARCAL projects I and XVII have contributed enormously to improving radiation
protection in the region through the implementation of numerous activities such as national and
regional courses, seminars, workshops, expert meetings, training courses, expert missions, supply of
equipment, regional congresses, the ARCAL Bulletin called "Proteccion Radiologica", etc.
Radiological emergencies have been a priority subject in various projects, particularly ARCAL I,
under which the first regional course was held in 1991 with participants from 10 countries and
lecturers from the region. ARCAL I was very useful in promoting the exchange of experience, in
providing staff with training opportunities involving countries with more experience in this field and
in the training of staff at the national level.

EMERGENCIAS RADIOLOGICAS: PAPEL DEL PROYECTO ARCAL.
Los paises de America Latina han emprendido diferentes programas de desarrollo nuclear,

pero al mismo tiempo han hecho grandes esfuerzos por fortalecer la proteccion radiologica. Desde
1985, el desarrollo de las actividades llevadas a cabo en este campo con la cooperation tecnica del
OIEA (Organismo Internacional de Energia Atomica) y a traves del Programa ARCAL (Arreglos
Regionales Cooperatives para la Promotion de la Ciencia y Tecnologia Nuclear en America Latina)
han permitido obtener resultados satisfactorios. El Programa ARCAL se inicio con 10 paises y nueve
Proyectos, siendo uno de los mas importantes el de "Proteccion Radiologica" (ARCAL I), el cual
tuvo dos etapas: 1985-1990 y 1991-1993. Una continuation fue el Proyecto ARCAL XVII (1994-
1996) denominado "Estructura Normativa y Organization Regulatoria", donde participaron 18
paises, y actualmente se esta desarrollando el Proyecto ARCAL XX denominado "Directrices para el
control de fuentes de radiation". ARCAL I y XVII han contribuido en gran medida a mejorar la
proteccion radiologica en la region a traves de la realization de numerosas actividades, tales como
cursos nacionales y regionales, seminarios, talleres, reuniones de expertos, entrenamientos, misiones
de expertos, suministro de equipos, congresos regionales, el Boletin ARCAL "Proteccion
Radiologica", etc. El tema de las emergencias radiologicas ha sido prioritario en los diferentes
proyectos, sobretodo en el ARCAL I, cuando en 1991 se desarrollo el primer curso regional con
participantes de 10 paises y profesores de la region. Este fue de gran utilidad para un mayor
intercambio de experiencias, para el entrenamiento de personal con la colaboracion de paises con
mayor experiencia y para capacitar personal a traves de cursos nacionales.

44



1. INTRODUCCIÓN

Desde hace varios años los países de la región latinoamericana han emprendido sus
propios programas de desarrollo nuclear, pero también han realizado grandes esfuerzos por
controlar adecuadamente las diferentes aplicaciones de las radiaciones ionizantes,
fortaleciendo así sus programas de protección radiológica.

El desarrollo de las actividades de protección radiológica se ha venido efectuando en
base a las necesidades nacionales y recurriendo en gran medida a la ayuda brindada por el
OIEA y por otras fuentes de cooperación técnica, lo cual originó un desarrollo desigual en la
región.

Cada país tenía conocimiento de los avances logrados en los países desarrollados,
pero no sabían lo que había a este respecto en los países de la región, salvo en los casos en
que existía algún tipo de colaboración o acuerdos binacionales en protección radiológica.

La necesidad de lograr un desarrollo regional armónico en el campo nuclear y
sobretodo en protección radiológica, así como de utilizar adecuadamente los recursos
económicos de la cooperación técnica internacional, dio lugar a la creación del Programa
ARCAL, el cual ha permitido realizar actividades de interés común en la región
latinoamericana, principalmente en la esfera de las emergencias radiológicas.

2. EL PROGRAMA ARCAL

La inquietud de cinco países del Grupo Andino (Bolivia, Colombia, Ecuador, Perú y
Venezuela) surgida en 1981, originó la creación del Programa ARCAL (Arreglos Regionales
Cooperativos para la Promoción de la Ciencia y Tecnología Nuclear en América Latina) en
1984, dándose inicio a la realización de actividades de cooperación técnica en materia nuclear
con la participación inicial de 10 países de América Latina.

El Programa ARCAL fue concebido desde sus inicios como un primer paso en el
camino de la promoción de la cooperación regional en el uso pacífico de la energía nuclear,
en particular de las aplicaciones nucleares, y sobre esta base, lograr una integración regional
que permitiese resolver problemas tecnológicos comunes a los países de la región
latinoamericana.

Este Programa se inició formalmente en 1985 con nueve Proyectos bajo los auspicios
del Organismo Internacional de Energía Atómica (OIEA), siendo el de "Protección
Radiológica" (ARCAL I) el que tuvo una de las más altas prioridades.

El proyecto ARCAL I se desarrolló en dos fases, la primera de 1985 a 1990 y la
segunda de 1991 a 1993. En 1994 se inició una nueva versión denominada ARCAL XVII:
"Estructura Normativa y Organización Regulatoria", que tuvo una duración de tres años.
Inmediatamente después y como consecuencia de este proceso evolutivo dentro del campo de
la protección radiológica, se inició en 1997 el Proyecto ARCAL XX: "Directrices para el
Control de Fuentes de Radiación".

3. OBJETIVOS DE ARCAL EN PROTECCIÓN RADIOLÓGICA

Los objetivos de la primera fase del Proyecto ARCAL I se centraron básicamente en
determinar las necesidades inmediatas de protección radiológica en la región.
Adicionalmente, se planteaba la necesidad de perfeccionar las prácticas de protección
radiológica, dándole prioridad a la evaluación de las condiciones de seguridad existentes en
las instalaciones médicas con el fin de adoptar las acciones inmediatas que pudieran
requerirse y armonizar las medidas de protección radiológica en esas instalaciones de
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conformidad con una norma lo suficientemente apropiada. La segunda fase de este Proyecto
dio prioridad a los aspectos regulatorios.

El Proyecto ARCAL XVII tuvo dos objetivos principales: 1) Promover la adopción de
una norma básica de protección radiológica desarrollada sobre la base de las últimas
recomendaciones de la Comisión Internacional de Protección Radiológica (CIPR) y de las
Normas Básicas Internacionales de Seguridad del OIEA; y 2) Promover el desarrollo de
estructuras regulatorias que permitieran cumplir las funciones esenciales de su misión.

El actual Proyecto ARCAL XX tiene el objetivo de promover un desarrollo armónico
en la región a fin de garantizar un efectivo control de las fuentes de radiación para evitar
exposiciones innecesarias y limitar las posibilidades de accidentes, adoptando las nuevas
orientaciones de las Normas Básicas Internacionales de Seguridad del OIEA.

4. INTEGRANTES DEL PROGRAMA ARCAL

Actualmente participan 19 países en las diferentes actividades de ARCAL. Estos se
han integrado al Programa en los siguientes años:

1984: Argentina, Bolivia, Brasil, Chile, Colombia, Ecuador, Paraguay, Perú, Uruguay,
Venezuela;

1985: Guatemala;
1986: Costa Rica;
1987: Cuba, Panamá;
1988: México;
1990: Jamaica;
1991: República Dominicana;
1994: Nicaragua;
1995: El Salvador.

Haití es el único país Miembro del OIEA que no participa en ARCAL.

5. ACTIVIDADES DESARROLLADAS

Los Proyectos ARCAL I y ARCAL XVII han significado una gran ayuda tanto para la
formación de personal en protección radiológica como para la puesta a día permanente en este
tema a los diversos especialistas.

Casi todas las actividades han contado con el auspicio del OIEA y algunas han tenido
el apoyo de la Organización Panamericana de la Salud (OPS). Igualmente se ha contado con
algunas contribuciones económicas de países desarrollados, tales como Francia y Alemania,
para el desarrollo de ambos proyectos en general, aunque también se debe destacar el aporte
tanto en dinero como en expertos de algunos países de la región.

Para planificar adecuadamente las actividades de ARCAL se estableció un sistema de
coordinadores de proyecto quienes, en reuniones periódicas, analizaron los temas de interés
común, elaboraron programas de trabajo y verificaron la realización de los proyectos.

En ambos proyectos se han desarrollado las siguientes actividades:
- 9 reuniones de Coordinadores de Proyecto;
-13 talleres regionales para analizar temas específicos sobre protección radiológica en

la práctica médica, criterios técnicos para servicios de dosimetría individual, fuentes
radiactivas de uso médico e industrial en desuso, dosimetría citogenética, etc.;

-21 cursos regionales de entrenamiento sobre protección radiológica en la práctica
médica, en radiodiagnóstico, emergencias radiológicas, seguridad y aspectos
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regúlatenos de fuentes de radiación, medición de muestras ambientales, dosimetría
clínica, etc.;

- 5 seminarios regionales sobre tratamiento de personas sobreexpuestas, control de
calidad en radioterapia, aplicación de las nuevas recomendaciones de la CIPR, etc.;

- 8 cursos de posgrado en protección radiológica y seguridad nuclear, que tuvieron
lugar en Buenos Aires durante 9 meses y con 197 profesionales capacitados de 18
países de América Latina;

- 1 6 ediciones del BOLETÍN ARC AL "Protección Radiológica" con 50 000
ejemplares distribuidos en 40 países;

- 3 congresos regionales sobre seguridad radiológica y nuclear (Buenos Aires,
Zacatecas y Cuzco), donde se presentaron 453 trabajos técnicos y participaron
alrededor de 900 especialistas de la región;

- 5 reuniones de expertos para elaborar documentos técnicos;
-200 libros: "Protección Radiológica en América Latina y el Caribe", Volumen I y II,

con 224 trabajos técnicos presentados al 3 e r Congreso Regional sobre Seguridad
Radiológica y Nuclear (Cuzco, octubre de 1995);

-Edición de numerosos documentos técnicos preparados en las diferentes reuniones
de trabajo.

Adicionalmente se efectuaron intercomparaciones sobre dosimetría personal y
dosimetría citogenética, trabajos de investigación coordinados sobre exposiciones anormales
en gammagrafía industrial, niveles de intervención para alimentos contaminados, disposición
de fuentes de uso médico e industrial en desuso, implementación de los tratados de pronta
notificación y asistencia mutua en caso de accidentes, etc. Se realizaron también misiones de
expertos y entrenamientos individuales en diversos países de la región. El OIEA además,
suministró equipos adaptados a las necesidades de los solicitantes. Se dictaron numerosos
cursos nacionales sobre diversos temas, en los que participaron expositores del propio país y
de otros países latinoamericanos.

6. ACTIVIDADES DE ARCAL SOBRE EMERGENCIAS RADIOLÓGICAS

Los programas de actividades de los Proyectos ARCAL (I y XVII) siempre han
tratado el tema de las emergencias radiológicas, ya sea como parte del temario en los cursos
de posgrado en protección radiológica y seguridad nuclear, o en los trabajos de investigación
coordinados, en los seminarios, talleres de trabajo o en los cursos, como por ejemplo el Curso
Regional sobre Emergencias Radiológicas, que se llevó a cabo del 12 al 23 de agosto de 1991
en la ciudad de Lima, Perú, y que contó con 23 participantes (ocho del Perú) de 10 países. En
este evento los expositores fueron de la región latinoamericana (Argentina, Brasil y Perú) y el
temario comprendió los siguientes temas generales:

- Conceptos generales de protección radiológica
- Análisis de accidentes y niveles de intervención
- Contramedidas
-Planificación para la respuesta en situaciones de emergencia
-Procedimientos para la implementación
- Información al público
-Análisis de accidentes ocurridos en la región (México, Brasil y El Salvador)
-Papel de la OPS/OMS en la preparación y atención de emergencias radiológicas
-Trabajos prácticos: recuperación de una fuente extraviada, monitoraje de un

ambiente contaminado y evaluación de las consecuencias radiológicas.

47



El curso también contó con el auspicio de la OPS para una mayor asistencia de
especialistas de la región.

Al final del curso se realizó una encuesta entre los participantes, cuyos resultados
mostraron que el 95% lo consideró entre muy bueno y bueno y que lo más sobresaliente fue
la transmisión de los conocimientos de los expositores, en especial de los que por su
experiencia pudieron mostrar los detalles de algunos accidentes ocurridos en la región,
sobretodo el de Goiánia en 1987.

Estas actividades formaron parte del Proyecto ARCAL I, pero en el actual Proyecto
ARCAL XX las emergencias radiológicas tienen prioridad, ya que todas las guías de
seguridad para el usuario que sean aprobadas en este proyecto contarán con medidas de
respuesta a las emergencias radiológicas. Esas guías serán específicas para todas las prácticas.

El curso regional cumplió con el objetivo de capacitar a los asistentes en los métodos
a emplear para enfrentar situaciones de emergencias radiológicas que involucren fuentes de
uso médico e industrial.

Esta fue la primera vez que se dio un curso sobre emergencias radiológicas en el
ámbito regional, lo cual motivó que posteriormente algunos participantes organizaran cursos
nacionales sobre el tema y que, además, pudieran realizar entrenamientos en países donde
estaba mejor desarrollado el tema, a lo que también se puede agregar la participación de
expertos regionales en el dictado de cursos y organización de programas nacionales sobre
emergencias radiológicas.

7. CONCLUSIONES

Las actividades desarrolladas mediante los Proyectos ARCAL (I y XVII) han sido un
medio eficaz para cumplir los objetivos propuestos, lo cual se aprecia en los siguientes
resultados alcanzados:

1. Un mejor conocimiento de las necesidades en protección radiológica tanto a nivel
de cada uno de los países como a nivel regional.

2. Se ha promovido un nivel común de comprensión de los temas de protección
radiológica, y se han intensificado los contactos profesionales y la comunicación
científica entre especialistas, por ejemplo sobre emergencias radiológicas.

3. Se ha contado cada vez con los expertos de la región para el desarrollo de las
diferentes actividades de los proyectos, en especial para la realización de cursos,
misiones de expertos, etc.

4. Se ha asistido a los países en materia de equipos de protección radiológica según
sus necesidades.

5. En el caso de algunos países, el programa ARCAL ha sido indispensable para
realizar programas de protección radiológica que casi no existían.

6. Una mejor definición de las autoridades reguladoras y de las funciones que deben
realizar para el control de las fuentes de radiación.

7. La formación y capacitación de recursos humanos, el acopio, procesamiento y
divulgación de información técnica, así como el aprovechamiento regional de la
infraestructura existente y el mejoramiento de técnicas específicas son otros logros
importantes del Programa ARCAL.

Otra consecuencia de ARCAL ha sido la integración de las sociedades de protección
radiológica a través de la creación de la Federación de Radioprotección de América Latina y
el Caribe en 1993, la cual también desarrollará actividades de cooperación técnica.
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Al mencionar cada uno de estos aspectos se está haciendo referencia a las emergencias
radiológicas ya que, directa o indirectamente, los Proyectos han contribuido a un mejor
entendimiento del tema y a una mejora en la infraestructura física y humana.

También se está resaltando este tema en las actividades del Proyecto ARCAL XX,
puesto que las emergencias radiológicas son tomadas en cuenta al desarrollar cada una de las
prácticas, sobretodo las Guías de seguridad para los usuarios y la difusión de información a
través de Internet.

Igualmente, no se debe dejar de lado la realización de los congresos regionales, que
han sido motivo para exponer los trabajos que se desarrollan en la región, sobretodo en el
campo de las emergencias radiológicas.

En términos generales, el Programa ARCAL, a través de los Proyectos ARCAL I,
XVII y XX permite mejorar las condiciones de protección radiológica en la región, está
posibilitando que se consolide la autosuficiencia regional para resolver aspectos específicos
como las emergencias radiológicas, y está dando los pasos para la integración de una región
donde se comparte principalmente el idioma y una rica tradición histórica.
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ANALISIS DEL ACCIDENTE XA9948996
RADIOLOGICO DE EL SALVADOR

N.E. MELARA
Institute Salvadoreno del Seguro Social,
San Salvador,
El Salvador

Abstract-Resumen

ANALYSIS OF THE RADIATION ACCIDENT IN EL SALVADOR.
On 5 February 1989 at 2 a.m. local time in a cobalt-60 industrial irradiation facility, a series

of events started leading to one of the most serious radiation accidents in this type of installation. It
took place in Soyapango, a city situated 5 km from San Salvador, the capital of the Republic of El
Salvador. In this accident, three workers were involved in the first event and a further four in the
second. When the accident took place, the activity level was approximately 0.66 PBq (18 000 Ci).
The source became blocked when being lowered to its safe position, whereupon the technician
responsible for the irradiator entered the chamber in breach of the few inadequate safety procedures,
accompanied by two colleagues from an adjacent department; the three workers suffered acute
radiation exposure, with the result that one of them died six-and-a-half months later, the second had
both his legs amputated at mid-thigh, while the third recovered completely. This article describes the
irradiator, outlines the causes of the accident and analyses the economic and social repercussions,
with the aim of helping teams responsible for radiation protection and safety in industrial irradiation
facilities to identify potentially hazardous circumstances and avoid accidents.

ANALISIS DEL ACCIDENTE RADIOLOGICO DE EL SALVADOR.
El 5 de febrero de 1989 a las 2.00 hora local, en la instalacion de un irradiador industrial de

cobalto 60, se inicio una serie de eventos que condujo a uno de los accidente radiologicos mas graves
de este tipo de instalaciones. El accidente tuvo lugar en Soyapango, una ciudad situada a 5 km de San
Salvador, capital de la Republica de El Salvador. En el estuvieron involucrados tres trabajadores en
un primer evento y otros cuatro en un segundo. En el momento del accidente se registro un nivel de
actividad de aproximadamente 0,66 PBq (18 000 Ci). La fuente se quedo bloqueada cuando
descendia a su position de seguridad. Entonces el tecnico responsable del irradiador realizo una
entrada anulando los pocos y exiguos sistemas de seguridad existentes, se hizo acompanar de dos
companeros mas pertenecientes a un departamento contiguo, y los tres trabajadores sufrieron una
exposition aguda de radiation que causo el fallecimiento de uno de ellos a los seis meses y medio, la
amputation de ambos miembros inferiores a mitad de muslo a un segundo, mientras que el tercero se
recupero completamente. En el presente trabajo se describe el irradiador, se indican las causas del
accidente y se analizan los efectos economicos y sociales consecutivos al accidente. El proposito de
este trabajo es ayudar a los grupos responsables de protection y seguridad radiologica en
instalaciones de irradiadores industriales a identificar circunstancias potenciales de riesgo y a evitar
accidentes.

1. DESCRIPCION DE LA INSTALACION

1.1. Tipo de irradiador y fuente radiactiva

El irradiador era del tipo Categoria IV, panoramico, de almacenamiento humedo,
modelo JS6300, y con una capacidad maxima de 18,5 PBq (500 kCi).
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1.2. Almacenamiento de la fuente y mecanismo de elevación

El bastidor portafuente se almacenaba verticalmente en una piscina de agua de 5,5 m
de profundidad.

1.3. Sistemas de seguridad y protección radiológica

Algunos de los sistemas de seguridad y protección radiológica eran: panel de control;
llave maestra y monitor de radiación; fuente de prueba; temporizador de retraso; calidad del
agua y detección de contaminación; interrupción automática de operación del irradiador; y
control de calidad y mantenimiento.

2. CONDICIONANTES DEL ACCIDENTE

En términos generales se pueden clasificar en tres grupos:
1) Condiciones propias de la degradación de la instalación;
2) Condiciones del estado social de guerra por las que el país atravesaba; y
3) La no existencia de legislación concerniente al control de fuentes de radiación

ionizante.

3. EL ACCIDENTE

3.1. El primer evento

El 5 de febrero de 1989, a las dos de la madrugada, el operador A descubrió que el
irradiador había interrumpido su operación y la fuente se encontraba bloqueada en una
posición intermedia. Eran aproximadamente las 2.30 cuando éste abrió la puerta; luego, según
"el protocolo" verbal, debía esperar a que el ozono formado fuera extraído por el sistema de
ventilación, lo que hizo durante unos 15 minutos para que el ozono y "la radiación" se
disiparan e interrumpió el suministro de energía eléctrica al sistema para que la fuente
dejara de emitir radiación.

3.1.1. Primer ingreso

Con el auxilio de una lámpara, sin monitor y sin dosímetro, el operador A entró en la
sala de irradiación, donde vio que én el espacio de cuatro contenedores se habían colocado
cinco, lo que hizo que se deformaran y se expandieran hacia los lados, colocándose la boca de
uno de ellos en la trayectoria del bastidor y quedando la fuente bloqueada. Salió y regresó
acompañado de los trabajadores B y C. Ya dentro, procedieron a elevar el bastidor, izándolo
conjuntamente por el cable. Luego, lentamente lo bajaron hacia el agua, empezando a
sumergirse y a emitir la característica luz azul del efecto Cerenkov. Entonces el operador A se
sintió alarmado y recomendó a sus compañeros que abandonaran rápidamente el lugar.

3.2. El segundo evento

A las 6.00 del día 1 (domingo 5), al inicio del siguiente turno el operador B encontró
el irradiador sin ningún operador. El día 6 por la mañana, el departamento de control de
calidad descubrió que el producto no estaba estéril cuando al realizar el análisis dosimétrico
se encontraron dosis recibidas substancialmente menores de las debidas. Entraron el gerente y
otro personal de mantenimiento, observando que algunos de los lápices del nivel superior se
habían salido y estaban en el fondo de la piscina. Sin dimensionar el riesgo, se optó por
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continuar el proceso de esterilización utilizando tiempos mayores para compensar la pérdida
de esos lápices. Por la tarde ocurrió un fallo electromecánico, la fuente nuevamente quedó
bloqueada en posición de irradiación y llegó personal de mantenimiento quien comprobó los
niveles de radiación desde la puerta y, de alguna manera, logró bajar la fuente. Abriendo la
puerta de la manera "normal", los trabajadores X, Y, Z y el gerente de mantenimiento
hicieron una nueva entrada sin monitor, ya que la tasa de dosis en la puerta era "normal". El
gerente, al observar que el módulo superior del bastidor estaba completamente vacío, salió de
la sala a buscar el monitor y al utilizarlo, ya en el laberinto de entrada, escuchó que el nivel de
radiación estaba por encima del normal, lo que implicaba una sobreexposición de estas cuatro
personas. La gerencia general solicitó ayuda al proveedor. Ninguno de los trabajadores
llevaba dosímetro.

4. RESPUESTA AL ACCIDENTE

4.1. Control de la fuente

Debido a las circunstancias de no poder continuar con el proceso normal de
irradiación, la empresa se vio forzada a llamar al proveedor. Dos expertos se presentaron en la
planta el día 9. Mediante el envío por el carro transportador de una cámara de televisión y una
cámara de ionización lograron descubrir que uno de los lápices activos se encontraba en la
plataforma del segundo nivel. Se procedió a colocarlo en el fondo de la piscina y se clausuró
la instalación.

4.2. Respuesta médica

Inmediatamente al término de la liberación de la fuente el operador A, quien fue el
más expuesto, comenzó a vomitar, poco más tarde también sangre, sintiéndose cada vez más
enfermo. A y B llegaron a Emergencias del Hospital Primero de Mayo del Instituto
Salvadoreño del Seguro Social (ISSS) a las 3.55; posteriormente llegó el paciente C. Los tres
sufrían de vómitos y se les diagnosticó intoxicación alimenticia; fueron dados de alta
aproximadamente a las 6.00 de la misma mañana. El tratamiento para el paciente A consistió
en una asepsia total, constantes análisis y transfusiones de sangre y administración de
antibióticos. Los efectos fueron aparentemente buenos hasta que, al 9o día (lunes 13),
aparecieron síndrome gastrointestinal, vómitos, diarrea, dolores, fiebre, lesiones bucales que
dificultaban la alimentación del paciente, gravedad en las quemadas de las extremidades
inferiores y, en términos generales, un marcado deterioro que llevó al personal de
hematología a tomar la decisión de trasladar al paciente a un centro hospitalario fuera de El
Salvador. A los mismos 9 días reingresó B y al día 23 ingresó definitivamente C, como
respuesta a una comunicación telefónica con el especialista salvadoreño el día 20 (viernes 24
de febrero). Los pacientes A, B, C fueron enviados respectivamente al Hospital Angeles del
Pedregal a los 24 (martes 28 de febrero), 26 (2 de marzo) y 33 (9 de marzo) días del
accidente.

4.3. Respuesta de las autoridades de El Salvador

El día 12 (jueves 16 de febrero) dos especialistas de medicina ocupacional del ISSS se
presentaron en la empresa para realizar una investigación sin entrar en el irradiador, teniendo
sólo una entrevista con los gerentes de personal y mantenimiento. El día 19 se reunieron
funcionarios del Ministerio de Salud y de Trabajo —para esta fecha ya se conocía de la
gravedad del accidente— y en esa misma fecha se informó al especialista en radiación del
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Ministerio de Salud Pública y Asistencia Social (MSPAS). Al día siguiente éste estuvo
presente en una reunión de alto nivel, se realizó una visita a la instalación y midiendo los
niveles de radiación se determinó que la fuente estaba bajo control. Más tarde, el especialista
del MSPAS se comunicó telefónicamente con el paciente C, por los signos y síntomas logró
evaluar una dosis de entre 4 y 6 Gy y le recomendó que ingresara nuevamente en el hospital.
El día 24 (martes 28) el especialista se comunicó con el OIEA y éste explicó que se
necesitaba ayuda médica para tres personas sobreexpuestas con dosis de entre 4 y 6 Gy, que
la fuente estaba controlada y que no existía contaminación.

Las primeras noticias las dio la televisión el día 27 (viernes 3 de marzo) y en los
periódicos aparecieron el día 30 (lunes 5 de marzo). El día 31, el Ministro de Salud concedió
una conferencia de prensa y visitó la planta en compañía de los periodistas. Es necesario
subrayar la falsedad de las noticias presentadas por la prensa en su primer momento,
obedeciendo a declaraciones de personas "especialistas" que deseaban ganar notoriedad, sin
importarles la veracidad de sus declaraciones.

4.4. Cooperación internacional

Un mensaje enviado por el ISSS al OIEA no estaba encabezado por la palabra clave
que indica emergencia radiológica, por lo que éste sólo inició su acción el día 23 (lunes 27 de
febrero) a las 16.45. El OIEA se comunicó con el Radiation Emergency Assistance
Center/Training Site (REAC/TS) del Departamento de Energía de los Estado Unidos, pero la
misión del REAC/TC no llegó a El Salvador ya que los pacientes fueron trasladados a
México.

5. DOSIS

El equipo médico del Hospital Angeles del Pedregal y los especialistas del REAC/TS
estimaron mediante análisis citogenéticos de muestras de sangre dosis medias de 8,1 Gy en el
paciente A, 3,7 Gy en el B y 2,9 Gy en el C. Se contempló la posibilidad de que podría haber
más personas sobreexpuestas y se enviaron a Argentina, para análisis citogenético, las
muestras de sangre pertenecientes a 10 trabajadores más, de los cuales cuatro dieron positivo
con valores de 0,22 Gy para el Gerente de Mantenimiento y de 0,09, 0,16 y 0,16 Gy para
otros tres trabajadores.

6. EFECTOS BIOLÓGICOS

6.1. Paciente A

A su llegada a México este paciente presentó síndrome hematopoyético y
gastrointestinal, radiodermatitis generalizada, extensas quemaduras en brazos y piernas, una
pérdida de peso del 20% y una aplasia medular total que resultó reversible. El día 132
(viernes 16 de junio) fue necesario amputarle su miembro inferior izquierdo por encima de la
rodilla. Se le trasladó a El Salvador en el día 173. Desmejoró y el día 191 había contraído
neumonía; durante este período se le perforó un pulmón al colocarle un catéter en su cuello, y
también el otro pulmón al intentarlo en el otro lado, debido a su condición demasiado crítica
como para permitir la inserción del catéter. El día 197 (sábado 19 de agosto) llegó un experto
médico del OIEA; ese mismo día falleció el paciente A. Este experto asesoró al equipo
médico del ISSS en la planificación del tratamiento de los pacientes B y C.
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6.2. Paciente B

A su llegada a Mexico presentaba sindrome hematopoyetico y gastrointestinal,
quemaduras graves en piernas y pies, desnutricion y una aplasia medular total reversible; el
cuadro de este paciente se desarrollo mas lentamente que el de A debido a que su dosis fue
mucho menor. Fue necesaria la amputation de una pierna el dia 161, trasladado a San
Salvador el dia 173, ingresado en el Hospital Medico Quirurgico del ISSS, y su pierna
derecha fue amputada el dia 202.

6.3. Paciente C

A su admision en el Hospital Angeles del Pedregal, el paciente presentaba sindrome
hematopoyetico y quemaduras en el pie izquierdo. El dia 220 se inicio una etapa de
rehabilitation para aliviar los intensos dolores del pie izquierdo y su dificultad para caminar.

7. ANALISIS POST ACCIDENTE

7.1. Impacto economico

El costo de un accidente no se debe intentar medir cuantitativamente debido a que se
encuentran relacionados los costos sociales. Las cifras dadas aqui constituyen solamente un
punto de la evaluation total y no son significativas de la gravedad del accidente. El Cuadro I
muestra los costos estimados a enero de 1991 en dolares de los EE UU.

7.2. Costos sociales

iCudnto vale la vida de un ser humano? El impacto directo recae en las familias de
las personas accidentadas. El primer efecto fue la desintegracion de las familias en los casos
de los pacientes A y B, con la consiguiente extrapolation del problema a los bijos en su
entorno social de estudio y juego. El efecto social de mayor alcance fue el desempleo de 100

CUADRO I. COSTOS ESTIMADOS A ENERO DE 1991 (en dolares de los
Estados Unidos de America)

Institution Costo directo Costo indirecto Costo total

Instituto
Salvadorerlo del
Seguro Social

Cooperation
internacional

Empresa propietaria
del irradiador

Gobierno

Costo total

175 000

30 000

-

-

35 000

10 000

-

-

210 000

40 000

900 000

250 000

1 400 000

54



personas que cesaron en sus labores cuando la empresa propietaria del irradiador redujo en un
30% su fuerza laboral por pérdidas económicas al disminuir sus ventas. Este desempleo se
proyectó en cien familias con un promedio de 500 personas afectadas. Además, la
marginación de los familiares del paciente A en el trabajo por temor a contaminación
radiactiva. Coincidente con la visita a El Salvador de la misión RAP AT, se habló con la
gerencia del hotel donde trabajaba un familiar y se impartió una charla informativa.

La esposa del paciente B requirió tratamiento psiquiátrico por neurosis depresiva,
llegando finalmente a la separación de la pareja. El paciente B en los primeros dos años fue
dependiente y orientó su tiempo a los juegos de azar y situaciones no enaltecedoras de la
vida, pero con el transcurrir del tiempo se ha vuelto independiente, tiene muy buena
movilidad en la silla de ruedas por toda la ciudad, incluso lleva a cabo un trabajo que le
permite ingresos económicos, una vida aparentemente normal pero no asiste a los controles
médicos y al inicio desarrolló una cierta agresividad que no mostraba antes del accidente.
Lamentablemente, a fines de agosto un carro conducido por un ebrio lo arrolló y
probablemente quede parapléjico.

El paciente C continuó con dolor en el pié y rodilla izquierdos hasta enero de 1991 y
presentó cefalea fronto occipital izquierdo con dolor ocular hasta mayo de 1990. Al presente
(sept. 1997) su condición es estable, está bajo control médico continuo y no manifiesta
ningún cambio en su actitud. Continúa trabajando en la misma empresa y su actitud se ha
manifestado hacia el lado espiritual, refugiándose en la religión.

7.3. Situación actual de la empresa

La empresa reinició labores ocho meses después, bajo un riguroso programa de
protección radiológica con un asesor externo. Se encuentra en operación y bajo la supervisión
estrecha del OIEA y del fabricante, quienes han realizado varias visitas al irradiador, la última
de ellas por parte del fabricante en agosto de 1997, con todos los sistemas funcionando
normalmente.

8. LECCIONES APRENDIDAS

Es necesario practicar una filosofía de protección. No debemos esperar a que suceda
un accidente para tomar acciones enérgicas en instalaciones de alto riesgo radiológico. Las
condiciones de protección y seguridad radiológica deben prevalecer. A continuación se listan
las lecciones aprendidas.

1. En general, las autoridades gubernamentales no tienen una cultura de radiación y
enfocan prioridades hacia otras áreas.

2. Las gerencias de las empresas colocan su prioridad en la producción y tienen como
objetivo principal bajar costos de operación en detrimento del área de protección y
seguridad radiológica. Si poseen un programa funcionando entonces no se presentan
situaciones que ameriten mantenerlo, todo marcha bien y por lo tanto bien puede
suprimirse.

3. El factor de capacitación continua debe de ser reforzado fuertemente.
4. No se debe de confiar en que el diseño de los proveedores es perfecto, deben

identificarse y analizarse posibles fuentes de riesgo.
5. Las instalaciones que poseen fuentes de radiación ionizante deben tener en vigencia un

programa de protección y seguridad radiológica.
6. En aquellos países que no tienen leyes reguladoras de protección y seguridad

radiológica, o si las tienen no las aplican, el personal capacitado en esta área debe
poner todo su esfuerzo para que cambie esa situación.
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7. En los países en desarrollo debe existir una infraestructura mínima de protección y
seguridad radiológica para que se autoricen instalaciones de alto riesgo y, antes de ello,
ha de haber regulaciones por escrito concernientes al funcionamiento.

8. Se deben de estrechar los vínculos con el OIEA y no se debe de vacilar en solicitarle
ayuda.

9. Bajo ninguna circunstancia se debe postergar la ejecución de las recomendaciones del
proveedor.

10. No se debe de efectuar ninguna modificación sin la aprobación escrita del proveedor.
11. Debe gestionarse una visita del proveedor a la instalación con una frecuencia prudente

para evaluar las condiciones de ésta desde el punto de vista del proveedor.
12. El investigador de un accidente no debe buscar culpables o inocentes sino hechos, para

que no se vuelvan a repetir las condiciones que conduzcan a un accidente.
13. Especial cuidado debe tenerse con las declaraciones que se hacen a la prensa y con

aquellas personas que buscan notoriedad y que normalmente son legos en la materia.
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Abstract

RADIOLOGICAL ACCIDENTS/INCIDENTS WITH CAESIUM-137 IN ESTONIA.
A report is provided of an accident and an incident involving radioactive sources in Estonia.

In the 1994 occurrence, looters of a depository of radioactive waste manipulated a source containing
137Cs and received dangerous doses of radiation. One of the persons involved died, others suffered
minor burns. Another event, which occurred in early 1995, did not have a tragic outcome: an
abandoned 137Cs source was found in the vicinity of the highway linking Tallinn and Narva and was
disposed of safely. Both these accidents draw attention to the potential dangers caused by the
insufficient survey of the territory, radiation protection structures not yet fully operable, and the lack
of equipment and know-how. The lessons to be drawn from these events are considered on the basis
of the chronologies and factual data. The report contains concise descriptions of the accidents, a
medical overview of the fate of the injured persons and the lessons learned from these accidents.

1. INTRODUCTION

A radiological accident and a radiological incident occurred in Estonia. In the first
occurrence, which took place on 21 October 1994, three brothers entered the Tammiku
repository and stole a radioactive 137Cs source. One of the brothers died two weeks later. In
the second, which happened on 14 January 1995, members of the commission investigating
the accident detected an abnormally high level of radiation at a point along the Tallinn-Narva
highway while travelling in a car. The origin of the radiation was looked into and found to be
a discarded metal cylinder containing I37Cs with an activity of 2.2 TBq. This incident did not
cause any casualties.

2. THE EVENTS

2.1. The accident

On 14 January 1994, a highly radioactive source was found in a batch of scrap metal
which had been delivered to the Estonian Metal Export Company (EMEX) in Tallinn. The
batch was routinely checked for abnormal radioactivity, a high level of radiation was
discovered and the specialists of the Estonian Rescue Board were summoned. The source of
the radiation was a stainless steel box measuring 5 x 20 x 45 cm, which upon initial estimate
apparently contained 60Co with an activity of 7 TBq, while the dose rate close to the holder
was 2 Gy/h. The holder was placed in the Tammiku national waste disposal facility.

Early in the morning of 21 October 1994 , three brothers (hereinafter designated as
Bl, B2 and B3) entered the disposal facility by overriding the alarms, climbing over a fence
and breaking padlocks. Bl picked up a holder 18 cm long and 1.5 cm in diameter, which was
a source, and placed it in his coat pocket. He later kept only the metal cylinder of a length of
3 cm which had fallen out of the holder. Bl started to feel ill a few hours after the entry and
vomited repeatedly. On 25 October, Bl was taken to hospital. He died on 2 November. His
death was not associated with radiation exposure at the time. Meanwhile, the source had been
taken to the family house, where it had been placed in a toolbox in the kitchen.
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On 8 November, the next disposal of radioactive waste was carried out in Tammiku.
The broken padlocks and decrease of dose rate (two orders of magnitude) were noticed, but
not reported.

On 9 November, the stepson of the family (SI) handled the source briefly. On 16
November, the family's pet dog, which slept in the kitchen, died.

On 17 November, SI was admitted to the hospital with severe burns on his hands.
These were diagnosed as radiation induced and the police were notified. The police
summoned the Estonian Rescue Board, which measured high dose rates in the vicinity of the
house and during the same night evacuated the inhabitants from the neighbourhood. The
source was located and shipped to the waste disposal facility. The source was identified by
gamma spectrometry containing not 60Co (as reported in the newspaper), but 137Cs. The
members of the family were hospitalized.

A Government Commission was set up on 13 December to investigate the accident,
draw conclusions and make recommendations.

2.2. The incident

The Government Commission commenced its work after the New Year. On 14
January 1995, members of the Commission were travelling on a routine inspection trip from
Tallinn to a company in Narva. At a point along the highway, abnormal radiation (2 jxGy/h)
was detected. On the following day, the source of the radiation was located under the snow. It
was a metal holder which was transported to the Tammiku repository, and subsequently
placed into a special container. According to estimations, the source contained 137Cs with an
activity of 1.6 TBq. The incident did not involve any casualties. The origin of the source is
unknown.

During the summer of 1995, a radiation survey covering all of Estonia was initiated
through a co-operation between Estonia, the Swedish Radiation Protection Institute and the
Finnish Radiation Protection Centre. Under the project, 20 000 km of Estonian roads were
surveyed from a car equipped with meters and sensors. No radioactive sources were found by
the team.

3. DISCUSSION

The above-mentioned accident and incident have their roots in the historical
background of Estonia. Between 1940 and 1991, the territory of Estonia was a part of the
territory of the former Soviet Union, and the nuclear programme of the Soviet Union was also
carried out in Estonia. Regulations governing the handling, shipping and inventory of
radioactive materials were established and implemented, but during the years of transition
between the old structure and the new one, the system fell apart, with grave consequences for
the safety regime. The withdrawal of the Soviet military bases from Estonia was a gradual
process spread over the period between 1992 and 1994 (1995 for the military nuclear
installations at Paldiski) and not easily observable because of the military secrets involved,
real or imaginable. During this withdrawal process, a multitude of breaches of safety
regulations were observed (oil spillage at airfields, burning of rocket fuel, haphazard handling
of radioactive materials).

The resulting situation was not always clear cut for the Estonian authorities and the
structures were not mature for handling critical situations. The abundant transit flow of scrap
metal from Russia to the West placed a monitoring burden on the export companies, which
had been small and numerous prior to the monopolization of the scrap metal trade by the
state. Furthermore, knowledge of the hazards of radioactivity had been disseminated among
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the population by the Soviet military authorities solely from the perspective of civil defence.
The repository was subordinated to the city landfill management, in accordance with the
former Soviet model. This fact no doubt bore a relation to the neglect of all the safety
precautions by the three brothers looting the depository in the hope of obtaining valuable
scrap metal for resale.

4. THE AFTERMATH

The follow-up activities subsequent to the October 1994 accident were administrative,
medical and ecological.

The Governmental Commission was charged with:
- analyzing the environmental aspects of the accident;
- updating the inventory of radioactive sources and equipment;
- inspecting the storage conditions of radiation sources and radioactive substances;
- developing guidelines for radioactive waste management.

Acting on the recommendations of the Commission, the Government established AS
ALARA Ltd., a state-owned company to act as the radioactive waste management operator,
additionally responsible for decommissioning the former Paldiski nuclear facility and
Tammiku waste depository. Measures were taken to speed up the adoption of the Radiation
Act by the Parliament. Due to the lengthy lawmaking process and a multitude of revisions to
the draft law, the Radiation Act was passed in late April 1997. This legislation led to the
establishment of the Radiation Protection Centre, reporting to the Ministry of Environment,
and the strengthening of the security of the Tammiku depository.

In January 1995 the Estonian Medical Society circulated information to all medical
personnel in Estonia about the characteristics of radiation-induced injuries and called for
vigilance.

The above-mentioned co-operation with Sweden and Finland for the search for
radioactive sources abandoned at the roadside was continued during the summer of 1996 and
extended to the roads on Estonian islands. No radioactive material was found. In June 1995,
the U.S. Department of Energy conducted an airborne radiation survey of the Pakri Peninsula.
The radiation levels were charted and no anomalies were detected, with the exception of the
military nuclear facility in Paldiski.

International co-operation played a vital role in the remediation of the post-accident
situation. While medical assistance was made available from Sweden and Russia, monitoring
of the family house and its immediate surroundings was carried out with the help of the
Finnish experts. An IAEA expert group also travelled to the scene of the accident and
provided valuable know-how. An IAEA report concerning the Tammiku accident is to be
issued soon.

5. THE VICTIMS OF THE ACCIDENT TODAY

Bl (male, aged 25) died 12 days after exposure and before radiation injury was
diagnosed. The radiation dose received by him can only be estimated post-factum. He
received a dose exceeding 2000 Gy (several hours of a dose rate of 2000-3000 Gy/h at skin
surface) and succumbed from acute radiation syndrome, grade V, combined with grade IV
local radiation injury.

B2 (male, aged 28) had been in the vicinity of the source for a few hours and handled
the source. He developed a moderate degree of radiation sickness (grade I), combined with
grade III local injuries. The partial body dose received by him was estimated at 2 Gy. He was
hospitalized in Tallinn and his recovery was complete.
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B3 (male, aged 13) suffered from a severe and prolonged bone marrow aplasia
complicated by radiation burns on his left hand which later required amputation of his left
thumb. He was hospitalized in Tallinn and examined by Swedish and Estonian physicians.
Electron paramagnetic resonance measurement of his tooth enamel gave 2 Gy as his possible
tooth dose and 2.7 Gy for the whole body by cytogenetic estimate. His condition is relatively
good with cause for some concern.

GGM (female, aged 78) developed a moderate bone marrow syndrome from which
she recovered. She died on 31 December 1995 from cardiovascular failure unrelated to
exposure.

M (female, aged 35) received whole body doses of 0.5 Gy. No clinical effects were
observed.

Six other persons (whose identities were not disclosed) received whole body doses in
the order of. 0.1-0.13 Gy each. No clinical effects were observed.

6. LESSONS AND CONCLUSION

The events described have given a clear warning that abandoned radioactive sources
constitute a serious danger to the uninformed and unprepared members of the population. The
measures to be taken to avoid the recurrence of such events must be preventive (thorough
check of transboundary shipments, routine survey of territory and strengthened security of
depositories) and informative (dissemination of knowledge about dangers of radioactive
substances and sources).

These measures can be implemented only through a corresponding infrastructure, with
the relevant regulations enforced by an effective rapid response system. Development of the
infrastructure and legal framework is currently well in progress. After 1995, no incidents have
occurred involving radioactive materials and sources.
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Abstract

EMERGENCY RESPONSE ACTIVITIES AND THE COLLECTION OF DAMAGED
RADIATION DEVICES IN THE WAR AREAS OF CROATIA.

Several kinds of devices containing sources of ionizing radiation had been in use in the areas
of Croatia which were affected by the recent war, principally in industrial and medical applications.
The greater share of these devices was constituted by 151 radioactive lightning conductors with a
maximum individual activity of 19.5 GBq and some 8300 smoke detectors. In the destruction caused
by the war, some of these devices were damaged, destroyed or lost. The actions undertaken to
retrieve them and their sources are described, as well as the experience gained and lessons learned.
The importance of a well organized national regulatory system is underscored as a precondition for
the efficient identification and safe recovery of radiation sources lying amidst the ruins in the area
affected by the war. The experience gained in these actions may be applicable to similar situations
caused by natural disasters such as earthquakes, floods, hurricanes, etc. and of particular interest to
regulatory authorities for the drawing up of emergency preparedness plans.

1. INTRODUCTION

Emergency response activities for incidents with various kinds of radiation sources
are usually planned by the competent national authorities. For this purpose, action plans are
made, individuals trained, the required equipment for intervention prepared and radiological
monitoring measures arranged. For the most part, these planned activities are meant to
respond to possible radiological emergencies in nuclear power plants, research reactors, the
transport of radioactive materials and the various technologies used in the nuclear fuel cycle.
However, there are other kinds of radiological accidents, of an unusual nature or a lesser
degree of likelihood, for which emergency response activities are often not planned; natural
disasters (such as earthquakes, volcanic eruptions, floods, etc.) belong to this category.

The recent war in Croatia and Bosnia and Herzegovina introduced the need for
another radiological emergency response, as thousands of devices containing different kinds
of radiation sources were destroyed, damaged or lost in the areas affected by the conflict.
After the cessation of hostilities, these devices represented a great radiological danger in large
areas where the population had started to repair their homes left in ruins and war torn public
buildings. To illustrate the scope of the problem, in Croatia alone — aside from the various
sources of radiation used in medicine and industry — there were as many as 151 radioactive
lightning conductors with a maximum individual activity of 19.5 GBq and close to 8300
smoke detectors using ionizing radiation [1,2].

2. EMERGENCY RESPONSE ACTIONS

Almost half of the Croatian territory was affected by war from July 1991 until
September 1995. Keeping in mind that the radioactive lightning conductors used in Croatia
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have a radioactivity reaching at times up to several hundred millicuries per source, the dose
rate from one of the damaged devices can be in the whereabouts of 300 millirem/hour
measured at a distance of 1 m from the top of a lightning conductor containing europium-
152,154, and some 200 mrem/h for a lightning conductor containing cobalt-60.

During the war, these long lightning conductors, which contained radioactive sources
and the upper ends of which were open, had in some cases been damaged and/or bent in such
a way that radiation became directed at people in dwellings or at their workplaces. While the
fighting had been under way, many towns and settlements with a large number of installed
radioactive conductors had sustained heavy mortar shelling and air raids. Many conductors
had been partially dislocated, damaged by constant mortar shelling, or buried under fallen
buildings. As a result, workers or volunteers cleaning up the area and even scrap merchants
were in danger of being exposed to these radioactive sources. The potential dose derived from
these radioactive conductors was5 therefore, relatively high and this problem — relative to the
other radiation sources affected by this war — required priority attention.

As soon as the shooting came to an end in some areas affected by the hostilities, the
Croatian authorities initiated radiological response actions with two principal objectives: (i)
to ascertain that the radiation sources were at the locations determined in the work permits as
registered by the regulatory authority, and (ii) to identify and collect all damaged radiation
sources. Since a well organized system of registry and licensing of radiation sources was in
place, it was possible even in wartime to find all the displaced, damaged or destroyed
radioactive lightning conductors within the territory controlled by the Croatian government.
Devices containing sources that had only been displaced but not damaged were returned to
their original sites whenever possible, others were moved to a temporary storage facility for
spent radiation sources and responsibility for them was assumed by the regulatory authority.

As an emergency preparedness plan for such cases did not exist in the country, the
regulatory authority elaborated an ad hoc emergency response plan. Since neither prior
examples of response actions along these lines nor specific international recommendations
had been available, the Croatian authorities based their action plan on general emergency
response principles as formulated by the International Atomic Energy Agency [3] and by
certain other ad hoc actions undertaken as a response to specific radiation accidents. In this
regard, the experience gained by the Brazilian authorities in the radiological accident in
Goiania was found to be very useful [4].

Because of the reasonably good registration and licensing practices in Croatia, it was
possible to handle this accident intervention efficiently and safely. An overview of the
radioactive sources that had been affected by the war and were collected and saved is
provided in Table I.

On this occasion, the National Regulatory authority requested the Croatian Hazardous
Waste Management Agency (APO) to act promptly in order to identify, collect and safely
store all damaged radiation sources from the war-affected areas. The APO team which
proceeded to collect the radioactive sources lying under the rubble of fallen buildings
followed the procedures outlined below:

a) to identify destroyed or damaged radiation sources on the basis of the National
Registry of Radiation Source Users;

b) to control possible radioactive contamination around the sites where radiation sources
were installed;

* 100rem=l Sv.
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c) to create emergency teams to safely collect these radiation sources with the assistance,
whenever possible, of professionals put at the disposal of the teams by the source
owner;

d) to organize the safe transport under wartime conditions — sometimes even from the
front line itself—of these sources to storage facilities;

e) to maintain radiation protection control (dose rate, contamination, etc.) of each saved
source prior to its storage or servicing for further use.

TABLE I. STATUS OF RADIATION SOURCES IN THE WAR AREAS OF
CROATIA

Kind of nuclear
application

Ionizing smoke detectors

Lightning conductors

Nuclear applications in
medicine

Nuclear applications in
industry

Sources
existing

8298

151

17

103

Sources
collected
(stored)

1710

60

0

18

Sources burnt
out or lost

1180

0

0

24

Table I shows the sources identified and collected. However, unlike radiation sources
for medical applications, a large number of smoke detectors were missing. It was determined
that more than 1000 radioactive smoke detectors were either burnt out in fires or totally
destroyed in bombardments.

Fortunately, all radioactive lightning conductors as well as most of the radiation
sources used in industry and medicine were found and, whenever necessary, collected and
stored. It can be stated that only 1000 radioactive consumer products or so (mostly smoke
detectors) were lost. In addition, 24 Cs-137 sources, applied in gauge meters at the hydrated
alumina plant in Obrovac (which had been occupied for a period of five years), have not been
found and are presumed to have been purposefully removed. At any rate, no radioactive
contamination has been detected until now in the investigated area.

3. LESSONS LEARNED AND CONCLUSION

Several lessons were learned from this experience. Specifically, the experience
showed the need for a detailed national emergency preparedness plan for prompt and efficient
action during an earthquake, strong storm, or even military attack, when a large number of
radiation sources can be buried under the ruins of fallen buildings. Special measures should
be taken to keep damaged radiation sources out of the hands of scrap merchants, who might
unwillingly spread radioactivity throughout steelworks.

Another experience gained during this exercise is that a good system for recording
radiation sources may provide some guarantee that radiation sources will be located following
unusual circumstances. The identification and safe retrieval of the radiation sources found in
the rubble of the war areas of Croatia were possible because of a well organized regulatory
effort which extended to the registration of sources. It is suggested that a strong and efficient
regulatory regime will facilitate emergency response activities in exceptional cases.
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Significantly, the Croatian experience showed that an organized and prompt response
to such an event has not only safety, but also economic implications. A successfully
performed restoration of radiation sources is a prerequisite for a country's economic renewal:
e.g. the presence of workers involved in reconstruction of buildings cannot be allowed before
a site is inspected and any buried radiation sources are removed.

Because of the war, the emergency response team was often not able to contact local
professionals responsible for the safety of these radiation sources; this further complicated the
restoration of damaged sources.

All the practices carried out in this case are also applicable to other situations caused
by natural disasters such as earthquakes, floods, and hurricanes and can serve as a guidance
for regulatory authorities in the drawing up of emergency preparedness plans. The efficient
handling of these situations requires competent emergency teams which can act promptly.
Therefore, in small non-nuclear power countries, it is necessary that the regulatory authority
establish an efficient and technically well qualified service organization capable of reacting
appropriately. International assistance and exchange of experiences seems to be essential in
such cases.
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Abstract

PROPOSAL FOR THE ESTABLISHMENT OF AN EMERGENCY RADIOACTIVE WASTE
TASK FORCE IN BRAZIL.

A radioactive waste task force set up specifically for emergency situations would act
immediately following the report of a radiological accident in order to avoid or minimize the possible
radioactive waste arising from these situations. The aims of this group of specialists would be to
alleviate the environmental, economical, and social impacts imposed by these situations on present
and future generations.

1. INTRODUCTION

The importance of practising safe radioactive waste management for the protection of
human health and the environment has been recognized and there is much experience in this
field. The best guarantee for the protection of the environmental is the availability of a
suitable integrated waste management option. Such an option would provide for the
collection, segregation, treatment, conditioning, transportation and disposal of radioactive
waste, conducted under institutional control and in accordance with the applicable legislation,
and would take account of economic and social factors. Each of these aspects must be
considered in emergency situations.

Before the Goiania accident, the Brazilian national Commission of Nuclear Energy
(CNEN) had drawn up emergency plans for two kinds of accidents. One was a plan to
manage an accident at the Angra nuclear power plant, the other was a set of procedures for
radiological emergencies in the non-nuclear sector. The latter covered small-scale
occurrences, such as transportation accidents or radiographic source accidents. However, the
accident at Goiania did not fit into either of these categories and therefore, elements of both
emergency plans were adapted in response to the then prevailing needs. This created a unique
system for dealing with the situations which occurred on that occasion [1]. This system
focused primarily on the radiological protection actions involving personnel, facilities and the
environment, but left aside radioactive waste management measures. As a result, experts in
radioactive waste management did not participate immediately in the initial emergency
response efforts.

A certain period of time was necessary to establish a waste group capable of
implementing a waste management system specifically applicable to the Goiania accident.
During this time and because of the urgency of the situation, unqualified packages were used,
uncontaminated materials were collected and it was not possible to obtain a sufficiently
precise inventory of the materials collected.
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Therefore, it became necessary to undertake an immobilization of drums found to be
unsuitable, as they showed the beginnings of corrosion. Information about the contents and
activity of the collected materials was lost. Large amounts of uncontaminated materials were
collected as radioactive waste, a step which was unduly prolonged because of the delay in
defining appropriate decontamination limits. These failures resulted not only in extra costs
arising from drum reconditioning, but also in additional doses to the Abadia Repository
workers and the reservation of an area larger than necessary to dispose of the waste for some
three hundred years [2, 3,4, 5, 6,7].

The emergency teams faced these and many other difficulties with a strong sense of
urgency, personal commitment and extraordinary creativity. Their enormous efforts must not
go unmentioned.

The following sections detail a proposal to establish an emergency radioactive waste
task force which would act quickly and efficiently following small or large radiological
accidents. The proposal also spells out the basic guidelines for the formation of this group of
experts.

The current emergency plan of CNEN is divided into sectors, i.e. nuclear power plant,
research reactors, nuclear fuel cycle facilities, industrial installations, medical installations,
teaching and research installations and special operations. The radioactive waste emergency
task force would participate in the organization of the emergency plans for all sectors, except
those related to nuclear power plants.

2. RADIOACTIVE WASTE MANAGEMENT PHILOSOPHY

The inherently dangerous characteristics of radioactive waste require a series of
technical and administrative procedures covering all the steps from collection all the way up
to disposal. These procedures are aimed at minimizing or even eliminating the damaging
effects of radioactive waste and at reducing the costs related to this waste, both now and in
the future.

At any nuclear or radioactive facility, administrative and technical operations are
closely linked together: for effective waste management purposes, all procedures should be
consistent. In addition, an efficient interaction and commitment are necessary between the
entities which generate waste and the organization responsible for conditioning and
controlling waste packages. Therefore, all radioactive waste activities should be developed
within an organizational structure capable of ensuring that the waste will be managed in
conformity with national regulations. This organizational structure should be defined at the
time the waste generating operations are being planned. Figure 1 shows the flow sheet of a
typical radioactive waste management process.

In a radiological emergency, the radioactive waste management system should be
established with the aim of protecting health and the environment as well as of minimizing
the harmful effects to future generations. The CNEN should be prepared to establish a
radioactive waste management system which reflects national realities and available
resources, based primarily on the following output assumptions:
(a) segregation of the possible contaminated materials, whenever possible;
(b) treatment/conditioning of the waste according to type, activity and available

packaging;
(c) a final product suitable for transportation and storage.

It should be remembered that the total cost of waste management depends on the cost
of each task of processing, storage, and disposal. Hence, it is important to minimize the
generation of waste.
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FIG. 1. Flow sheet of a typical radioactive waste management process.

3. ESTABLISHMENT OF THE EMERGENCY RADIOACTIVE WASTE TASK FORCE

The proposed emergency radioactive waste task force to be established by CNEN
should stand ready to act in a radiological emergency in any part of the Brazilian territory.
The purpose of this task force would be to minimize or avoid the possible waste arising from
these situations and to establish suitable waste management. The radioactive waste task force
would be called on immediately after the report of an accident, together with the other
emergency teams.

The main objective of this task force, in emergency situations, would be to act quickly
and efficiently and to use all the resources available in the country in an optimal way. This
task force should be constituted by three to five experts in the radioactive waste area who
work in different Brazilian organizations. The members of this task force should be familiar
with the national and international regulations, treatment/conditioning, packaging and
transportation of radioactive waste. Also, they should be knowledgeable about the radioactive
waste storage and disposal options available in the country.
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A Work Programme should be prepared and approved by the CNEN Board. To carry
out this Programme, regular meetings should be promoted with the eventual participation of
invited technicians. The main duties of the task force should include:
(a) Keeping a roster of all the Brazilian technicians working directly or indirectly in some

area of radioactive waste management;
(b) establishing guidelines for a waste management system and devising general

procedures of waste segregation, collection, treatment, conditioning, transportation,
and storage;

(c) evaluating treatment/conditioning available in Brazil for several kinds of waste, even
in the form of research work;

(d) carrying out a survey of qualified/adequate packaging and suppliers as well as other
types of waste packaging available in different regions of the country;

(e) based on the above survey, establishing a databank on technicians, materials,
packages, suppliers, kinds of treatment and technologies available, research activities,
storage and disposal options related to radioactive waste. This databank should be
regularly updated;

(f) installing a minimal infrastructure to set up the databank and maintain it up to date.
In setting up the management system, the task force would be responsible for

assigning responsibilities to personnel from different organizations, such as the civil defence
corps or the army, and provide for their training. Finally, it is important that this task force be
capable of dealing with the public and putting them at ease, especially during critical
situations comparable to those which arose during the accident at Goiania.

4. THE ACTION OF THE EMERGENCY RADIOACTIVE WASTE TASK FORCE

Initially, the task force would conduct a general assessment of the accident in order to
define a strategy to resolve emergencies and to establish a system of waste management. The
establishment of this system would include the following tasks:
(a) Using the radioactive waste databank defined in section 3 (e) above, to identify the

personnel and resources available in the country for the waste management tasks
contemplated, with special emphasis in the area of radiological accidents;

(b) to set decontamination limits jointly with radiation protection and environmental
groups;

(c) to evaluate the kinds of treatment and conditioning available for each type of waste;
(d) with the help of experts of the area, to adapt the techniques available to the treatment

of the waste generated from the accident;
(e) to make arrangements to install waste treatment/conditioning systems on the site (if

necessary);
(f) to provide qualified packaging, as soon as possible (if necessary);
(g) together with experts from the area, to determine whether other packages available

would be suitable for use and/or qualification;
(h) to immediately establish a filing system in order to account for the radioactive

materials and to draw up an inventory of the waste;
(i) to install a minimal infrastructure to develop and update the databank;
(j) to train the personnel responsible for the operations;
(k) to make contacts with administrative and logistic groups in order to carry out the

necessary activities;
(1) to evaluate the transportation conditions in the accident area;
(m) jointly with experts, to evaluate and define the modalities for intermediate storage;
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(n) to prepare, as soon as possible, a list of procedures necessary to implement all of the
tasks relating to the management of the waste. The procedures must be
straightforward, detailed and clear, even for non-technicians.

The primary waste management procedures are as follows:
(a) Receiving and identifying the packaging;
(b) segregating the waste (if possible);
(c) collecting the waste;
(d) intermediate collection in the storage area;
(e) treating/conditioning the waste;
(f) delivering the packages to the intermediate storage;
(g) establishing a filing system to control materials and radioactive waste;
(h) mapping out the packages in the intermediate storage area;
(i) transporting the packages to the intermediate storage;
(j) corrective actions in case of incidents during collection, treatment, conditioning and

transportation operations.

5. CONCLUSIONS

The use of radioactive sources is widespread in all of Brazil. Aside from the
difficulties inherent to their inspection and control, the improper use of these sources leads to
accidents, incidents or radioactive contamination. The experience of the Goiania accident
clearly demonstrated that problems related to radioactive waste can be minimized if a
radioactive waste task force takes quick and efficient action and is able to use the waste
management resources available in the country in an optimal way.

The proposal submitted consists in establishing a task force responsible for radioactive
waste management. This task force should be knowledgeable about the legislation,
treatments, packaging, and storage alternatives available in the country. The main benefits of
this task force work will be to reduce the environmental, economic, and social impacts of a
radiological accident, as a suitable waste management system will minimize the release of
pollutants and the radiation exposure during transportation and storage. Proper segregation,
collection, and treatment reduces the amount of waste to be stored, the costs of additional
treatment and the necessity of a heavier barrier in the repository.

The cost necessary for setting up this task force is insignificant compared with the
benefits to be gained from its deployment.
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Abstract

LESSONS LEARNED FROM ACCIDENT INVESTIGATIONS.
Accidents in three main practices — medical applications, industrial radiography and

industrial irradiators — are used to illustrate some common causes of accidents and the main lessons
to be learned from them. A brief description of some of these accidents is given. Lessons learned
from the accidents described are approached bearing in mind: safety culture, quality assurance,
human factors, good engineering practice, defence in depth, security of sources, safety assessment
and monitoring and verification compliance.

1. INTRODUCTION

Over the years, many lessons have been learned from accidents and systems of control
have been improved accordingly. Although the retrospective approach to safety requirements
is not the only approach, reviewing the key lessons from previous accidents can help in
clearly identifying the need for and form of safety requirements.

The selection focuses on the larger accidents involving fatalities and other serious
consequences. Yet the principles derived from these events are equally applicable to other
situations involving smaller activities.

2. LOSS OF SECURITY OF SOURCES

2.1. Ciudad Juarez, Chihuahua, Mexico, 1983 [1]

A teletherapy unit with a 30 TBq 60Co source was purchased and imported without
notifying the Regulatory Authority. The source was improperly shipped in the head of the
teletherapy unit, but was not put into use and was stored in a general warehouse for six years.
Except for security provided by the warehouse, the user had no control over and could not
exercise any surveillance of the source. A maintenance technician loaded the cylinder and
other metal parts from the unit onto a pick-up truck, drove to a scrapyard and sold the
cylinder and parts. Before arriving at the scrapyard however, he deliberately ruptured the
cylinder containing the source, allowing a large quantity of radioactive material from the
source to be deposited onto the bed of the vehicle. The truck was then left parked on the
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street, in the suburbs of the city, for 40 days due to mechanical problems. After this time, it
was moved to a different street where it stayed parked for a further ten days.

In the scrapyard, when the cranes moved the cylinder together with other pieces of
metal, the 60Co pellets were spread all over the scrapyard, were attracted by the crane's
magnetic field and got mixed with the other metal materials. Within two weeks, scrap
contaminated with 60Co had been used by steel production plants at foundries and, shortly
thereafter, reinforcing rods for construction and metal table frames manufactured with
contaminated material were exported.

The accident was discovered when a truck containing items made from the
contaminated steel triggered radiation alarms as it passed a radiation monitor installed on the
side of the road adjoining a nuclear laboratory.

An extensive investigation established that 30 000 table frames and 6600 tons of
reinforcing rods had been manufactured from the contaminated material. Aerial surveys of an
area of 470 square kilometres were conducted, and visits were made to 17 636 buildings in
order to determine whether contaminated material had been used in their construction.
Readings at 814 buildings showed radiation levels which exceeded acceptable limits: these
buildings were then subjected to demolition in whole or in part. It is estimated that the
accident exposed close to 4000 people to radiation, and that some 80 persons received doses
greater than 250 mSv. Five persons are believed to have received doses of 3 to 7 Sv over a
period of two months.

2.2 Goiania, Goias, Brazil, 1987 [2]

A private radiotherapy institute moved to new premises, leaving behind a 51 TBq
I37Cs teletherapy unit without notifying the licensing authority. As a result of the partial
demolition of the building, the teletherapy unit became totally unsecured and remained so for
2 years. At that time, two people entered and removed the source assembly from the radiation
head. They tried to dismantle it at home, and in the attempt the source capsule was ruptured.
The radioactive source was in the form of caesium chloride, which is highly soluble and
readily dispersable. Contamination of the environment ensued, resulting in the external
irradiation and internal contamination of many persons.

After the source capsule was ruptured, the remnants of the source assembly were sold
as scrap to a scrapyard owner. He noticed that the source material glowed blue in the dark.
Several persons were fascinated by this and over a period of days friends and relatives came
and saw the phenomenon. Fragments of the source the size of rice grains were distributed to
several families. This proceeded for five days, by which time a number of persons were
showing gastrointestinal symptoms arising from their exposure to radiation from the source.
The symptoms were not initially recognized as being due to exposure to radiation. However,
one of the persons irradiated connected the illnesses with the source capsule and took the
remnants to the public health department in the city. This action began a chain of events
which led to the discovery of the accident and the subsequent mobilization of a major
emergency response.

Many individuals incurred external and internal exposure and the emergency response
had to deal with both this and major contamination throughout the city and beyond . In total,
some 112 000 persons were monitored, of whom 249 were contaminated owing to the way
they had handled the caesium chloride powder. Four persons died within four weeks of
admission to hospital, having received total body radiation doses of 4.5-6 Gy.

Initial radiation surveys were conducted on foot over the contaminated areas. Seven
main foci of contamination were identified, including the scrapyards concerned, some of
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them with dose rates of up to 2 Sv-h ' at one metre. Aerial surveys were flown over 67 square
kilometres. Of 159 houses monitored, 42 required decontamination. The decontamination
programme lasted 6 months, involved significant resources and produced some 35 000 m3 of
active waste. The accident had a major economic impact on the area, depressing trade with
other areas.

2.3. Tammiku, Estonia, 1994 [3]

This accident involved at least four separate events. First, a source was abandoned,
scrapped, detected and recovered. Second, the same source was stolen from a waste disposal
facility and one of the individuals took the source to his home. Third, during the recovery of
the source from the home, the source was briefly touched by an individual in the recovery
operation. Finally, approximately one year after the source had first been detected and a
couple of months after the radiation injuries, a second source similar to the first was detected
and recovered when a radiation expert happened to detect high radiation levels while
travelling along the highway in a car.

The first event was the discovery in January 1994 of a radioactive source in a
shipment of scrap metal. The scrap was routinely surveyed using a hand held dose rate
monitor. The Estonian Rescue Board was notified and recovered the metal frame containing
the source. The Rescue Board took the source to the national waste disposal facility at
Tammiku. The radionuclide and activity of the source were not determined prior to disposal
and the origin of the assembly containing the source was not established.

The suitability of the waste disposal facility was an important element in subsequent
events. The design anticipated that higher activity gamma sources would be placed in a more
highly shielded vault. However, the frame holding the source was too large to be placed into
the vault through an S-tube provided for this purpose. Thus, the highly radioactive source was
left in a relatively accessible and less shielded area of the disposal facility.

The second event took place in October 1994. Three brothers made an unauthorized
entry into the waste repository and removed the frame. The source was dislodged and fell to
the ground. One of the men put the source in his pocket and took it home. The source
remained in the house for approximately one month, until the accident came to light. The man
who picked up the source was hospitalized four days later and died about a week after that.
He had injured his leg at the facility and based on his description of an injury while working
in the woods, he was diagnosed as suffering from a "crush injury". The accident was
discovered a few weeks later when the man's stepson was admitted with radiation burns to
his hands after having picked the source up while working on his bicycle. The diagnosis of
radiation burns was made and the police notified. In addition to the fatality, the man's two
brothers, his wife, his stepson and the stepson's great-grandmother were estimated to have
received doses exceeding 0.3 Gy and up to 2.7 Gy.

Security at the waste facility had included electric intruder alarms at the entrance gate
and the door to the disposal pit, but these were easily overridden. The fence was in poor
condition and was easily climbed over. The guards noted that a break-in had occurred and
noted that measured dose rates had decreased. The reduced dose rates were attributed to
changes in arrangement caused during the break-in and the facility operators took no action.

The police notified the Rescue Board after the stepson's injuries were diagnosed.
Members of the Board confirmed high dose rates at the house and evacuated the house and 14
additional houses. A shielded box with a 3.5 cm coating of lead was obtained in order to
recover the source. The staff involved in the recovery wore lead aprons and rubber gloves but
did not have tongs or other handling tools to perform the task. One person picked up the
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source briefly with his hand to place it in the box. However, this person was not found to
present any local injury following this manipulation.

A governmental commission was set up to assess the consequences of the accident
and, on an inspection trip by car to a company, commission members happened to detect
elevated radiation levels along the highway. A radiation source in a metal frame was located
and identified to be 137Cs. The first source was also identified as 137Cs. Subsequently, a
radiological survey of Estonia was made using a vehicle carrying a high pressure ionization
chamber. No further radiation sources were found.

3. INDUSTRIAL IRRADIATION FACILITIES

The International Atomic Energy Agency (IAEA) publication entitled "Lessons
Learned from Accidents in Industrial Irradiation Facilities" [4] describes eight accidents
between 1975 and 1994 which caused five fatalities at operating facilities. Three of these are
described below.

3.1. San Salvador, El Salvador, 1989 [5]

The irradiation facility was commissioned in 1975. Its initial complement of staff had
been trained and were able to deal with abnormal occurrences. Nevertheless, over the years
the trained staff left and training of the replacement staff was by word of mouth, rather than
formal training. Also relevant was the fact that user instructions were not printed in the local
language. The safety systems deteriorated. No preventive maintenance was carried out, the
protective metal shroud to prevent interference with the movement of the source rack was not
installed and key safety systems were not repaired; some were even removed and improper
entry procedures used. The country had no regulatory control or any other form of
radiological protection infrastructure.

On 5 February 1989, three employees entered the facility, using improper, but by now
standard procedures, to deal with a jam in the transport mechanism. They were exposed for
several minutes to the 0.66 PBq ^Co source. One died from his radiation injuries and another
had to have both legs amputated.

For a number of reasons, this serious accident was not recognized immediately and
the facility continued to operate. However, the source rack had been damaged. Over the next
two weeks and until the situation was recognized, source pencils fell out of the source rack,
causing radiation exposure to other staff. There also existed a serious risk that one of the
source pencils would be carried out of the facility through the transport system and thus enter
into the public domain.

3.2. Soreq, Israel, 1990 [6]

Although a well developed regulatory and national radiation protection infrastructure
was in place, there were a number of similarities with the San Salvador accident: the
instructions were in English and not in the local working language (Hebrew); a metal source
shroud to protect against interference from the transport system was not in place; and the
same improper procedure was used to gain entry.

On the day of the accident, an operator was called in, outside normal working hours,
to attend to a transport jam within the irradiation facility. Although he used the abnormal
entry procedure, there were still two lines of defence left. At the entry point there were two
warning signals, one indicated the source was in the unsafe position, while the other indicated
it was safe. The former signal had occasionally been known to malfunction. He chose to
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ignore that signal and contrary to the local rules, proceeded to enter. He used the dose rate
meter, but it was not working correctly on the dose range he used. He was exposed to the
12.6 PBq 60Co source for 1 minute or so and received a radiation dose of 10-15 Gy. He died
36 days later.

3.3. Nesvizh, Belarus, 1991 [7]

A feature of the design of this irradiation facility was a pit at the entrance, which in
theory required the operator to remove the main key from the control panel, go to a second
position, draw a motor-driven, sliding floor section over the pit and thus allow access. From
an operator's perspective, the entry sequence was long: this operator looked for a way of
bypassing the procedure. The design was such that the drive motor for the movable floor was
located in the pit. This motor could be stepped on and the pit crossed without the key being
removed from the main control panel. There were no interlocks between the transport system,
the radiation detection system and the source movement control. Thus, with the above
improper entry procedure, the control panel was left in the 'ready' position, only one step
away from exposure of the source.

On the night of the accident, the operator, while in a state of sleepiness, entered the
irradiation chamber, using the improper procedure. At the time he must have assumed the
source to be down, but while he was in the chamber, it came out of its store to the exposed
position. This could have occurred due to faulty electrical contacts or accidental and
unnoticed depression of the exposure button (several function buttons were close together).
The operator was exposed to the 28 PBq source for close to a minute, receiving 10-15 Gy. He
died 113 days later.

4. INDUSTRIAL RADIOGRAPHY

The IAEA publication entitled "Accidents in Industrial Radiography and Lessons to
be Learned" [8] describes several examples of accidents in this area, where uncontrolled
exposure occurs, often leading to deterministic effects.

4.1. Morocco, 1984 [9]

The accident originated at the construction site where 192Ir sources were being used to
radiograph welds. A 1.1. TBq 192Ir radiography source became disconnected from its drive
cable and was not properly returned to its shielded container. Subsequently, the guide tube
was disconnected from the camera and the source eventually dropped to the ground, where a
passing labourer noticed the tiny metal cylinder and took it home.

Within a relatively short period of time, during May and June of 1984, a total of eight
persons, including the labourer and his entire family and some relatives, died with clinical
diagnoses of "lung haemorrhage". It was initially assumed that the deaths were the result of
poisoning. Only after the last family member died was it suspected that the deaths might have
been caused by radiation. The source was recovered in June 1984.

4.2. Transportation accident between Korea and the United States of America, 1989 [10]

In 1989, a manufacturer received a 260 GBq 192Ir source that had been cut off from the
source assembly by the user and stored in a radiographic source changer for decay for
disposal. This technique of cutting off sources and holding them for decay was commonly
practised by this user. In this case, the source was not transferred from the source changer to
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the disposal container before return of the changer to the manufacturer. A radiation survey did
not detect the source prior to transport. As a result, a container was shipped as not containing
radioactive material while it did contain a source; the source was not secured to the source
assembly and was free to move out of the shielded charger during transport.

The source changer took three weeks to arrive at the manufacturer's facility. Upon
receipt, the source was detected because of high readings from a radiation monitor. The time
at which the source became unshielded could not be determined. The highest potential dose to
a member of the public was estimated to be 5 mSv and the highest potential dose to the
transportation workers was 0.31 Sv.

5. MEDICAL RADIOTHERAPY

The IAEA has prepared an analysis of medical accidents in "Accidental Exposure in
Radiotherapy and Lessons to be Learned" [11]. Many of these relate to accidents involving
exposure of the patient to doses significantly greater than intended. Accidents involving
patient exposure are not referred to here. Nevertheless, some of the accident scenarios also
relate to loss of control of sources leading to uncontrolled exposure of workers and member
of the public.

5.1. Indiana, Pennsylvania, USA [12]

A patient was prescribed three treatments using a high dose rate remote afterloading
brachytherapy unit (HDR) loaded with 160 GBq 192Ir. Five catheters were placed in the
tumour and the source was stepped through the programmed positions in each catheter.
During the first treatment, difficulty was experienced placing the source in the fifth catheter.
An area radiation monitor sounded the alarm, but was disregarded because the HDR unit
console indicated "safe". The area monitor was also used with an electron linear accelerator
and had previously been observed to alarm when the accelerator was turned off. As in other
accidents, the operator assumed the radiation monitor was malfunctioning. The source wire
had actually broken and the source had remained in the patient.

The patient was transported back to the nursing home with the source still in the
catheter. The source remained in the patient's body for almost four days, at which point the
catheter containing the source fell out. The nursing staff placed the catheter in medical waste,
which after storage was transferred to an incinerator company. A fixed radiation monitor at
the incinerator alarmed and the package containing the source was identified and made safe.
It was determined that the radiation exposure was at least a contributory cause of the death of
the patient. It also resulted in the exposure of 94 individuals, including persons at the cancer
clinic, people at the nursing home, ambulance staff and workers at the incinerator company.

5.2. Cincinnati, Ohio, USA [13]

In 1986, hospital personnel reused high activity 125I seeds containing 1.5 GBq for
several patients because of the relatively high cost of the seeds. The seeds were removed from
old catheters and loaded into new ones for implant into other patients. During removal, one of
the seeds ruptured. The rupture may have been caused by cutting the catheter to free the seeds
with a sharp object, such as a razor blade or scissors. The user did not realize that a seed had
ruptured. The seeds, including the ruptured seed, were implanted into a patient. As a result,
the patient sustained a thyroid burden of about 20.7 MBq and a radiation dose to the thyroid
of about 21 Gy.
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Hospital personnel discovered that one or more seeds had ruptures when 125I
contamination was detected in a source/transport bucket stored in the brachytherapy source
storage room one day following the implant into the patient. The storage room was not
ventilated by a fume hood. Consequently, 60 hospital personnel, including those involved in
cleanup operations, received thyroid uptakes of 125I ranging from 1.5 Bq to 7.7 kBq. Family
members were also exposed when visiting the patient. A proper radiation survey was used,
but the high background radiation in the storage room masked the positive indication of
contamination.

6. LESSONS LEARNED [14]

The range of the aforementioned accidents provides a fair indication of the severity of
the accidents which might occur if effective control of sources is not maintained. The causes
of these accidents are varied and need to be addressed by preventive radiation protection
measures. However, some common lessons learned have been grouped under the following
headings:

6.1. Safety culture

Failure to train staff in procedures and in the operation and purpose of safety
equipment can cause workers to make serious errors.

• In San Salvador, the original operators had received thorough training but
replacement operators did not.

• In Indiana, Pennsylvania, professional and technical staff were trained by the
device manufacturer in the operation of the HDR device but not in the operation
of, or the requirement to use, a hand held survey meter.

In response to management failures to maintain and repair equipment or fix known problems,
workers may develop unsafe practices.

• Frequent product transport problems in San Salvador, Soreq, and Nesvizh resulted
in worker practices to speed up entries and trick non-operational or poorly
functioning safety systems.

• Installing a shroud to protect the source transport mechanism — as suggested by
the supplier — could have prevented the accidents in San Salvador and Soreq.

• In San Salvador, the radiation monitor probe had failed and was removed rather
than replaced.

• In San Salvador, the entry door became degraded, but a method of using a knife to
slip the catch was adopted by workers.

6.2. Quality assurance

Significant deviations from local rules may occur if management does not have a
programme to assure that requirements are satisfied.

• In Soreq and Nesvizh, tricking or bypassing safety systems had become frequent
practice.

• In Indiana, Pennsylvania, the Radiation Protection Officer was normally at another
facility and came to this facility about once a year.

• In Juarez and Goiania, management failed to institute systems to monitor the
status of sources in storage.

• In several accidents, management was either unaware that safety systems had
deteriorated or deliberately chose to ignore the problems.
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6.3. Human factors

Prior experiences with "false alarms" and misplaced trust in mechanical safety
indicators may lead workers to ignore warning signals.

• In Indiana, Pennsylvania, the technicians had previous problems with the radiation
monitor and did not believe the radiation alarm when another indicator said the
source was "safe".

• In Soreq, the operator had two different indications about the source location. The
mechanical sensors indicated the source was down but the gamma alarm indicated
the sources were exposed. The operator believed the mechanical sensor and
proceeded to fix the problem with the product transport jam.

Working conditions and the condition of the worker may affect worker judgement and
lead to error.

• The three irradiator accident examples all happened at night and in at least one
case the operator was tired and sleepy.

Workers may want to be seen as taking initiative and may hesitate and decide not to
request help in unusual situations.

• The three irradiator incidents involved operators working alone who may have
been reluctant to call in expert help. It is worth noting that in San Salvador and
Soreq, instructions not to attempt to enter the irradiation chamber when signals
indicating the presence of radiation were lit were in English, but not in the
workers' native language.

• The worker in San Salvador who made the original entry was regarded as showing
initiative and resourcefulness in solving the frequent maintenance problems at the
facility.

6.4. Good engineering practice

Design, construction or materials features of radiation sources or equipment may
initiate the sequence of events that leads to an accident.

• In Indiana, Pennsylvania, the source wire broke with the 192Ir source inside the
patient.

• In Morocco, industrial radiography sources became disconnected from drive
cables.

Design, construction and materials features of the radiation sources may worsen the
consequences of the accident and increase the difficulty of recovering the radiation source.

• In Juarez, the use of small pellets of 60Co allowed the material to be dispersed and
accidentally distributed to many recipients.

• In Goiania, the use of a physical and chemical form (caesium chloride) that was
dispersible and soluble contributed to the widespread contamination, internal
exposures, and difficulties in recovering the material.

Design features of auxiliary production and safety systems can initiate accidents or fail to
prevent accidents as intended.

• In San Salvador and Soreq, the design of the product transport system could cause
the source return mechanism to jam with the sources exposed.

• In the same two accidents, the design of the circuits for the radiation monitor
system permitted the use of a trick to send a false signal that background radiation
levels had been detected.
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• In Indiana, Pennsylvania, the design of the source return sensing device gave an
indication that the source was in the 'safe' condition even when the radioactivity
was still in the patient.

6.5. Defence in depth

Failure to provide multiple layers of defence between the radiation source and
members of the public can lead to uncontrolled and very hazardous conditions.

• In Juarez and Goiania, reliance upon secure storage in the normal course of
warehousing or maintaining a facility was easily overcome by individuals with
knowledge of the use of ordinary tools but no knowledge whatsoever of radiation
sources.

• In Indiana, Pennsylvania, the failure to use a hand held radiation monitor
combined with the failure to believe the fixed radiation monitor led to reliance
upon a single position indicator to confirm (incorrectly) that the source had been
returned from the patient to the shielded container.

6.6. Security of sources

Once a source is lost or stolen, the consequences to life, health and the environment
are subject neither to timely control nor prompt mitigation.

• In Juarez and Goiania, the shielding which was the primary safety barrier between
the source and the public was thought to have economic value and was dismantled
with unsophisticated techniques.

• In Juarez and Goiania, the accidents were not detected until well after significant
doses had been received and the radioactive material had been widely dispersed.

• In Mexico City and Morocco, fatal doses were received over relatively long
periods of time and the missing sources were identified and recovered only as the
result of the investigations of the deaths.

6.7. Safety assessment

Assessment and modification of facilities, equipment, and procedures taking into
account accidents and lessons learned could have prevented later accidents.

• The accident at Soreq involved the same types of initiating events and human
errors as had occurred earlier in San Salvador.

• The storage without surveillance and subsequent dismantling of the 137Cs
teletherapy head and source in Goiania by a member of the public occurred under
circumstances similar to the accident in Juarez involving a 60Co teletherapy unit.

6.8. Monitoring and verification of compliance

Use, maintenance, calibration and testing of suitable radiation monitoring equipment
would prevent most accidents.

• In San Salvador, Soreq and Pennsylvania, a required radiation monitor, survey
meter or both was either inoperable, not functioning correctly or considered so
unreliable as not to be believed.

• In Pennsylvania and San Salvador, required checks using portable, hand held
survey meters were not carried out.

• When lack of security results in the loss or theft of a source, any type of
monitoring was no longer likely until the loss was noted and reported.
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Abstract

PREVENTING RADIOLOGICAL ACCIDENTS AND EMERGENCIES BY LEGISLATIVE AND
REGULATORY MEANS.

The Goiania radiation accident triggered a reassessment of radiation safety systems. From a
legal point of view, the course of events indicates that there were deficiencies either in the existing
legal framework or in the implementation of that framework. Proposals to avoid similar accidents in
the future are discussed, stressing the need for a sound legal regime and a close co-operation between
state authorities and users of radioactive sources. In particular, the importance is underscored of the
human factor in achieving a high level of radiation safety.

1. THE GOIANIA ACCIDENT — A CATALYST FOR REASSESSING RADIATION
SAFETY

Accidents teach lessons. The 1986 Chernobyl accident at a nuclear power plant
proved in a disastrous way what theoretically has been known since the beginning of the
peaceful use of nuclear energy [1]: if a reactor goes out of control there may be catastrophic
consequences with far reaching and transboundary damage. The accident triggered
international activities which, inter alia, led to the conclusion of the 1994 Nuclear Safety
Convention [2]. Reactor safety is still on the international agenda today.

This does not apply to radiological accidents and emergencies originating from the
use of radioisotopes outside reactors. Although fatal radiation accidents have occurred before
the Goiania accident [3] the general public took no special notice of them and the accidents
failed to attract international interest beyond expert circles. This is probably because these
accidents did not cause transboundary damage and were perhaps seen as domestic events
without major international relevance. By contrast, the Goiania accident of September 1987
[4] for the first time attracted the interest not only of international experts, but also of the
international public. This reaction might at least partly have been a consequence of the
Chernobyl accident, which had occurred one year earlier and which created a high degree of
sensitiveness worldwide in regard to radiation. After the accident, the Brazilian government
requested and received assistance from the IAEA and numerous states. The Brazilian Nuclear
Energy Commission and the IAEA jointly organized a review meeting to enable an
international panel of specialists to examine the causes and the consequences of the accident
and to enable interested persons and authorities in other states to learn from the experience of
Brazil. The results of this review were published by the IAEA in a special report [5]. This
seminar which is taking place ten years after the Goiania accident is a further step in
examining and assessing the reasons and the consequences of radiological accidents. The
tragic accident which Brazil had to face therefore certainly will teach helpful lessons for
avoiding or at least lessening the probability of future accidents of a similar kind. Although
lawyers do not play a leading role in taming nuclear energy and ionizing radiation, they
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nonetheless have to provide for the legal framework in which the technical rules and
regulations of radiation protection are applied and enforced. For this reason, this seminar,
which is being attended by technical experts as well as by lawyers, provides an excellent
opportunity to try and improve existing legal regimes.

2. THE BASIC LEGAL FRAMEWORK

The first and basic lesson to be learned from the accident is obvious: as the handling
and the use of radioisotopes is a potentially risky activity, the state cannot leave it entirely to
the discretion of the user. The basic freedom of democracies under the rule of law whereby
persons may perform activities they like to perform is limited if the respective activity is apt
to do harm to other persons or the environment. It is a genuine duty of the state to protect
individuals, the society and the environment against possibly detrimental activities.
Consequently, there is a need for a legal regime which provides a sound balance between the
freedom to exercise individual rights, e.g. by using radioisotopes, and the protection against
damage caused by the exercise of such rights.

To be sure, there is general agreement about this approach. However, there might be
an argument as to which extent state control and state supervision are required. Here the
technical rules of radiation protection come into play: such technical and scientific measures
that are necessary to ensure the safe handling of radioactive sources shall be incorporated into
the legal framework to be established by the state. Reference can be made to the work and the
recommendations of the privately organized International Commission on Radiological
Protection (ICRP) which has been studying the problems of radiation since 1928 and
regularly issues recommendations in this area [6]. These recommendations form the main
body of the internationally accepted rules and standards of radiation protection. The latest and
most comprehensive recommendations are the 1990 Recommendations in ICRP publication
60 [7]. The Recommendations are fully reflected in the respective IAEA Recommendations,
the International Basic Safety Standards for Protection against Ionizing Radiation and for the
Safety of Radiation Sources of 1966 [8], which have been recognized and transformed into
national law by many states. Within the European Communities, the European Atomic
Energy Community (Euratom) has issued directives, based on the ICRP Recommendations,
which are binding upon member States as to the result to be achieved, namely the so-called
Basic Standards for the Protection of the Health of Workers and the General Public against
the Dangers Arising from Ionising Radiation [9]. Among the instances of European
legislations which have transformed the ICRP recommendations into national law, let us
consider for example the UK legislation. Reference is made to the Radioactive Substances
Act 1993 as amended by the Environment Act 1995; the Health and Safety at Work, etc., Act
1974, and the Ionising Radiation Regulations 1985. In Germany the respective laws are the
Atomic Energy Act 1959/1985 as amended and in particular, the Radiation Protection
Ordinance 1976/1989 as amended.

In summary, on the basis of the ICRP Recommendations and the IAEA Standards,
worldwide harmonization of the basic rules of radiation protection has been achieved.

The main legal instruments to make the technical rules of the recommendations
binding under national law are the principle of prior notification, the principle of a prior
registration or license and the principle of permanent state supervision of licensed activities.

From a scientific point of view, the main principles of radiation protection are the
principles of justification of practices, optimization of protection and safety and dose
limitation. These major radiation protection principles are also part of national legislations
worldwide.
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As stated in the IAEA Report on the Goiania accident, at the time of the accident in
Brazil, a legal framework was in place which in general met the described requirements of an
adequate radiation protection regime [10]. Nevertheless, the accident happened.

That the accident happened despite a sound legal regime allows a first conclusion:
legal provisions can never entirely and at all times prevent people from breaking their
respective duties and obligations. This holds true for every field of law and also for radiation
protection law. Even if there were a law forbidding every use of radioactive sources, there is
no guarantee that people would not come into conflict with this prohibition.

Consequently, legal measures cannot guarantee absolute safety in every case. What
legal means can do is lessen the possibility of conflicts between respective legal provisions.
One therefore has to study ways of further developing the network of legal provisions, of
making them more comprehensive, with a view to avoiding the creation of loopholes in the
process.

3. POSSIBLE DEFICIENCIES OF THE LEGAL REGIME

The Goiania accident was made possible by the fact that the licensee, when he moved
his institute to another building, abandoned and left the radioactive source at the vacated
premises without any security measures against misuse and without giving due notice to the
authorities that he had left the source behind. This apparently was not in line with the
requirements of his license. Moreover, the thieves did not recognize that the unit left behind
contained dangerous substances.

These facts of the case seem to point at a weakness either of the existing radiation
protection regime or of its implementation.

The IAEA Basic Safety Standards [8] in paragraph 2.34. of the Principal
Requirements establish the following rule:

"Security of sources
"2.34. Sources shall be kept secure so as to prevent theft or damage and to prevent any
unauthorized legal person from carrying out any of the actions specified in the
General Obligations for practices of the Standards (see paras 2.7-2.9), by ensuring
that:
"(a) control of a source not be relinquished without compliance with all relevant
requirements specified in the registration or license and without immediate
communication to the Regulatory Authority, and when applicable to the relevant
Sponsoring Organization, of information regarding any decontrolled, lost, stolen or
missing source;
"(b) a source (...); and
"(c) a periodic inventory of moveable sources be conducted at appropriate intervals to
confirm that they are in their assigned locations and are secure."

Brazilian radiation protection law very probably contains provisions of this kind in
order to ensure that the security of sources is guaranteed permanently. If that is the case, three
questions arise:

1. How did it happen that the competent authority was not aware that a caesium source,
which had been part of the inventory of the Instituto Goiano de Radioterapia before
the move, was now missing at the new premises of the Institute?

2. Why did the licensee of the institute not report to the authority that he left the source
at the old premises, and why did he not feel responsible?
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3. Why did the thieves of the source not recognize that they were dealing with an object
which contained dangerous substances?

While the first and last questions address problems of the organization of radiation
protection, the second directly identifies a major problem in the matter of the licensing of
nuclear activities. Of course, the writer is not in a position to answer the questions because of
the lack of detailed knowledge of the case and of Brazilian law. But generally applicable
solutions are offered below which may help to diminish the risk that similar events happen in
the future.

4. ORGANIZING THE CONTROL OF RADIATION PROTECTION

It has been said that a licensed activity needs permanent supervision by the competent
authority; there is also a need for supervision at least from time to time if an activity does not
need a prior license but only prior notification. State control is "easily" to be conducted if it
concerns the permanent control of a nuclear reactor. In this situation the relevant activities are
concentrated at the same site and in most cases there are a limited number of installations in
one country. However, if we are dealing with the use of radioactive sources and other
radioactive isotopes, the picture is altogether different. There may be thousands of users in a
country, and all of them need to be controlled regularly. Although the risk created by the use
of radioisotopes is smaller than the risk of a reactor, the manpower necessary to regularly
control these activities may be higher. This may cause problems in a large country like Brazil.

There is an additional complication. Brazil is a federal state. According to the IAEA
Report on the accident [11] the Brazilian Nuclear Energy Commission (CNEN) is the
regulatory authority for licensing the purchase and transport of radioactive sources in
accordance with Law no. 6189 of 16 December 1974. This federal agency also has the
responsibility and the power to regulate the production, use, security and disposal of
radioactive materials in their various areas of use. In the field of medical uses, CNEN and the
federal and state Health Secretaries have regulatory responsibilities which are divided among
them as follows: CNEN operates a licensing system relating both to individuals and facilities.
The inspection of medical facilities originally was the responsibility of the Federal Ministry
of Health under Law 6229 of 17 July 1975. This responsibility is now devolved under Decree
77052 of 19 January 1976 to the State Health Secretaries. It also transpires from the IAEA
Report that the extent to which this responsibility was discharged varied between states.

It follows from the legal situation as described in the IAEA Report that there is a
rather complicated structure of radiation protection organization and that licensing and
control of radiation activities are split between the federal, state and state health authorities.
As the writer is not familiar with the Brazilian system, he will of course refrain from
assessing this system. However, it might be useful to explain how radiation protection is
organized in Germany. Germany, like Brazil, is a federal state and therefore has to solve
similar problems in regard to the relationship between the powers of the federal state and the
individual states ("Lander").

The peaceful use of nuclear energy in Germany is governed by federal legislation.
Only the Federal State has the power to enact respective legislation. The relevant laws are the
Atomic Energy Act and the Radiation Protection Ordinance which are supplemented by a set
of other legal instruments. The Atomic Energy Act in its Section 24 establishes the rule that
all administrative activities necessary for the application, the implementation and the
enforcement of the Atomic Energy Act are conducted by the competent authorities of the
individual states, the "Lander". There are only a few exceptions to this general rule (see
Sections 22,23 Atomic Energy Act).
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The "Lander" therefore are competent to issue licenses and are also competent to
conduct the permanent control over nuclear activities in all fields of application. For its part
however, the Federal State has the power to supervise and to instruct the "Lander" on how to
implement the act and how to conduct the issue of licenses and the control of activities. The
central state thus ensures that the application of the atomic energy legislation is performed in
a harmonized way throughout country (by way of the so-called "Bundesauftragsverwaltung").

This division of powers between the central state and the individual states is a
consequence of administrative experience in our country. We feel it is an advantage if state
administration, especially in the field of licensing and supervision, is close to the place where
the activity takes place. Local administrations know better the respective problems of
individual applicants for a license and are more familiar with the development of companies
than the central government, which is far away in the capital. We therefore think that a
decentralized implementation of federal nuclear legislation is in many regards superior to
state supervision exercised by a central authority. The rights of the central state are well
preserved by the Federal State's right to supervise and to instruct the state authorities on the
application of nuclear legislation.

Decentralization of the implementation of federal acts has another advantage. Since
state authorities are entrusted with the technical task of supervising nuclear activities, they are
obliged to deploy experienced and well trained experts to fulfil these tasks. This entails that
state experts are also available in the vicinity of the places where a special activity is
performed to assess the use of a license and to intervene promptly and without delay if
necessary. Nonetheless, the Federal State also has to deploy experts in order to conduct its
rights to supervise the obligations of individual states. So state experts are on hand at both
levels: this enables state authorities to double-check nuclear and radiation activities.

5. THE ROLE OF THE LICENSEE

The licensee clearly committed a breach of his duties under his respective license
when he abandoned and left the radioactive source at the old premises without informing the
competent authority. This was a substantial violation of his obligations, and certainly the
authorities took appropriate measures which e.g. could lead to a fine and to a withdrawal of
the license. However, measures "post festum" have only limited value when it comes to
preventing similar events in the future.

A key issue in this connection is the granting of the license. While Brazilian law
requires the fulfilment of prerequisites before a license is granted, the writer is not familiar
with the respective Brazilian legal requirements. Again, for the purposes of comparison, it
might be helpful to take a look at the legislations and practices of other states; in this case the
writer will refer to the German legislation.

In accordance with the German Atomic Energy Act and the Radiation Protection
Ordinance, respectively, whenever a license is required, a list of prerequisites must be met by
the applicant before he obtains a license. The first and perhaps most important prerequisite is
of a personal nature: the authority has to determine whether the applicant and his leading
personnel are reliable. This means that the authority has to check whether the applicant has all
the personal qualities which are necessary to entrust him with the responsible handling and
use of radioactive material. The authorities look into this question very thoroughly, inter alia,
by requesting information from the police or if necessary by involving psychiatrists. The
result of this investigation must indicate clearly that, from a personal standpoint, there is no
reason for concern that the applicant will not fulfil his legal obligations. This is a most
important element of the licensing procedure. To be sure, there are various other prerequisites
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such as, inter alia, the required availability of the technical expertise necessary to deal with
radioactivity, the required financial security to cover liability, etc. In the context of the
Goiania case, the personal reliability factor is the weightiest. A reliable licensee certainly
would not have left the source without any precautionary measures, and in particular without
informing the authority about the move and the abandonment of the source. This behaviour
strongly indicates that the licensee was not a reliable person.

The holder of the license, of course, has an economic interest in exercising the rights
of the license. He is earning money by using the license. From this point of view there is a
risk that in some situations economic deliberations could prevail over safety deliberations.

In order to counterbalance this possible tendency of the licensee, German law
provides that the licensee has to appoint the so-called "Strahlenschutzbeauftragten", an
independent radiation protection adviser or the person who carries personal responsibility for
the proper handling of radioactive sources. The "radiation protection adviser" has specific
duties and responsibilities expressly spelled out in the law [12]. He has an independent status
in the hierarchy of the management of the company or institute and, in particular, is not
subject to instructions from the licensee in his special area of duties. If necessary, the
radiation protection adviser also has direct access to the authority.

In this way, the German legislator created an effective defence against possible
conflicts with economic interests of the licensee. The radiation protection adviser is another
person in the institute or company who carries personal responsibility and therefore can be
made responsible directly by the authority; in this sense he is certainly most helpful in
preventing illegal actions by the licensee.

6. MARKING, LABELLING AND PLACARDING

The thieves who set in motion the events in Goiania apparently were not aware that
they were stealing a radioactive source. That indicates that there was no sufficient marking or
labelling affixed to the radioactive source. According to Section 35 of the German Radiation
Protection Ordinance, sources, items of equipment and other units as well as rooms and
facilities which contain radioactive material or are used to handle or store radioactive material
have to be clearly identified by appropriate marking, labelling and placarding. These signs
have to be clear, durable and indestructible.

The internationally used label is the white or yellow trefoil symbol accompanied by
the printed word "RADIOACTIVE' [13]. However, since the trefoil might not be understood
by everybody, another more general sign, e.g. a Skull of Death and the words "DANGER OF
LIFE"1 should also figure prominently on the object. The Skull of Death is a general sign,
understandable even by those who cannot read, that there is some danger in dealing with an
object labelled with this symbol.

7. GENERAL CONCLUSIONS

Some of the possible causes and consequences of the Goiania accident have been
discussed and solutions to avoid similar events in the future proposed. It goes without saying,
the points addressed represent only the tip of the iceberg. Nuclear and radiation safety culture
is formed by a complex bundle of elements. If one of them is removed, the entire system risks
breaking down. Nuclear and radiation safety cannot coexist with negligence. This holds also
true if, after an accident has occurred, the measures to mitigate the consequences are
conducted carelessly or without the necessary expert knowledge. The Goiania accident
demonstrated that a seemingly minor occurrence like the theft of a medical source can have
detrimental consequences for a whole city and region.

88



Nuclear and radiation safety culture needs close and responsible co-operation between
the authorities and the users of radioactive material.

The state has to provide for a sound legal framework to cover all radiation activities. It
has to establish an adequate infrastructure which enables all parties involved to fully comply
with the legal requirements. This includes, inter alia, the deployment of the necessary human
and financial resources and especially, the establishment of an effective radiation protection
organization. The latter is particularly relevant for large countries like Brazil, where the
central radiation protection authorities are for the most part far away from the place where
radioactive sources are actually used. Therefore, consideration should be given to
decentralizing licensing and control authorities with a view to bringing them closer to the
places where the activities are performed. This, inter alia, would facilitate prompt
intervention in case of an accident. In addition, local authorities are better suited to assess
people who apply for the respective licenses. The state has to educate and train qualified
experts in sufficient numbers. State authorities should be granted adequate competence to
enforce the legal framework and should be allocated sufficient financial resources.
Undoubtedly, safety culture is a costly proposition.

The responsibility of the user of radioactive sources and his staff is based on the
general principle that the primary responsibility for radiation protection rests with the user of
the sources [14]. It follows that legal provisions have to provide appropriate means to ensure
that the user, the licensee and his personnel, respectively, fulfil the obligations emerging from
this responsibility. As the licensee also has an economic interest in performing his activities
— which may conflict with the objective of radiation protection — it might be useful to
establish appropriate structures to avoid or mitigate this kind of conflict, e.g. by appointing a
qualified and independent radiation protection adviser as described.

In gaining a high level of radiation safety culture, the human factor plays a decisive
role. Persons involved in the use and control of radioactive sources — both the users and the
authorities — need to be well trained, experienced and, last but not least, personally reliable.
The element of personal reliability, in particular, must be examined during the licensing
procedure.

Beyond the measures indicated, there is an urgent need to inform the general public
comprehensively and repeatedly about the risks and benefits of ionizing radiation in order to
make people aware that radioactivity is a helpful tool for mankind, but at the same time a
most dangerous one, to be treated with extreme care.
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APPENDIX

The Goiania case

In 1985, the private Institute Goiano de Radioterapia in Goiania/Central Brazil moved
to new quarters and abandoned a shielded, strongly radioactive caesium-137 teletherapy
device at the old premises without giving notice to the authority. On 13 September 1987, two
people entered the building, thought the unit might have some scrap value, removed the
source and took it home without knowing what it was. At home they dismantled the source
and ruptured the capsule which contained highly soluble caesium chloride salt. The remnants
of the source assembly were sold to a junkyard owner. The junkyard owner noticed that the
source capsule gave off a blue glow in the dark. Several people were fascinated by this and
informed others about the phenomenon. Fragments were distributed to several families. This
proceeded for five days, by which time a number of people were showing gastrointestinal
symptoms. The symptoms were not initially recognized as being due to irradiation. Finally,
one irradiated person took the remnants to the public health department of the city. On 28
September 1987, a medical doctor recognized the characteristic symptoms of radiation
overexposure. A physicist who was consulted detected high radiation levels and this triggered
joint action by the authorities, including assistance from the central authorities in Rio de
Janeiro, the IAEA and other countries. Two areas were evacuated. In total 112 000 persons
were monitored, 249 of whom were contaminated. Twenty persons were hospitalized, four of
whom died. Contaminated areas were identified and cleaned up. Three thousand cubic meters
of waste were removed and stored in a new repository.
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Abstract-Resumen

SAFETY CULTURE: THE PERSPECTIVE OF A LAWYER ON ITS NECESSITY AND
WEAKNESSES.

A reflection is presented on the acceptance and extension of the concept of safety culture in
radiation protection. Safety culture, a basic attitude to guard against nuclear accidents, radiological
hazards or radiological accidents, is predicated on the prevention of complacency.

CULTURA DE LA SEGURIDAD: VISION DE UN ABOGADO SOBRE SU NECESIDAD Y SUS
DEBILIDADES.

El presente trabajo es una reflexión sobre la aceptación y difusión del concepto de "cultura
de la seguridad" en materia de protección contra las radiaciones. La "cultura de la seguridad", actitud
fundamental para prevenir accidentes nucleares o accidentes o peligros radiológicos, presupone
también la "prevención de la complacencia".

1. OBJETO DE ESTA EXPOSICIÓN

Cuando se me propuso que hiciera algunas consideraciones sobre la cultura de la
seguridad radiológica y nuclear quedé intimidado por la cantidad de estudios sobre el tema
producidos en los últimos años, especialmente después de Chernobyl. En 1992 en el Vol. 34,
N° 2 del Boletín del OIEA dedicado al tema "Universalización de la Seguridad Nuclear", el
Dr. Tópfer, Ministro alemán para el Medio Ambiente, la Conservación de la Naturaleza y la
Seguridad Nuclear, dice que "nos corresponde ahora hacer una contribución orientada al
futuro y fomentar una cultura de la seguridad". En estos últimos cinco años la contribución
evocada por el Ministro Tópfer, por su magnitud, requiere repensar aquí, en Goiánia, si la
actitud más práctica, para el futuro, no será interrumpir el flujo de papeles y detenernos a
reflexionar sobre lo hecho y, sobre todo, sobre la acción a seguir de ahora en adelante.
Alguien en materia nuclear habló del uso del papel como si fuese combustible y de la tinta
como moderador. ¿Se ha digerido tanto papel y tanta tinta? ¿No será hora de reflexionar
críticamente en común, sobre lo hecho hasta ahora, sobre lo que se hizo mal en relación con
la percepción de la sociedad de los riesgos de la actividad nuclear y cuál debe ser la acción
futura? Y luego de estas preguntas elementales, una aclaración indispensable: "Cultura de la
Seguridad" así como "Derecho Nuclear" son para mi formas de expresar un concepto con
intención didáctica. Por ello, trataré de no hacer objeción a un término hoy muy en boga,
aunque pueda erizar, entre otros, a algún filósofo.

2. CONSIDERACIONES GENERALES

Esta exposición, que será muy breve, apunta —como me lo pidió la Sra. Niñón
Franco— al futuro, y me parece que entonces sus destinatarios deben ser los más jóvenes que
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son numerosos en esta conferencia. Por lo demás, estamos en el Brasil, que, desde la
evocación del progreso en su bandera o las explicaciones del Presidente Kubistchek sobre
Brasilia, o simplemente por su pujanza, tiene una histórica y coherente obsesión por el futuro.

Como no soy filósofo, solo puedo contribuir desde la visión de un abogado con
muchos años en el área nuclear a que los más jóvenes se pregunten sobre lo que debe hacer el
sector para el futuro en materia de establecimiento de una "cultura de la seguridad", expresión
difundida con énfasis por los especialistas. Creo que algunas cosas no se hicieron bien. Una
razón para ello está en nuestra tendencia a la autosatisfacción en muchas áreas del
conocimiento y, en general, en materia cultural.

Pero hay lugar para el optimismo. Se han hecho progresos para mejorar la
comunicación entre personas y sociedades de distintas culturas. Pocos países parecen exentos
de problemas "interculturales" de fondo. En el universo de los especialistas, en este caso los
de radioprotección, parece percibirse cada vez mejor nuestras limitaciones para "comprender"
situaciones complejas, dinámicas y cambiantes, como las que se plantean en el campo
nuclear. En la misma publicación del OIEA citada al principio, el Ing. Abel González en su
artículo "Principios fundamentales de protección y seguridad para la energía nucleoeléctrica",
se refiere a "La filosofía de protección y seguridad consagrada en los principios (el autor se
refiere especialmente a los del CIPR y del Grupo Internacional Asesor en Seguridad Nuclear,
conocido por la sigla inglesa INSAG) introduce una nueva ética de coexistencia individual y
colectiva en relación con los contaminantes ambientales, ética que muy bien puede llegar a
ser indispensable ante el crecimiento y la interdependencia de la población global" y agrega
"Los principios pueden aplicarse también —mutatis mutandi— a otros peligros potenciales
del mundo industrial moderno, incluidos aquellos causados por medios alternativos de
generación de energía". Sobre esto último conocemos ejemplos prácticos, como las
decisiones de Suecia sobre los problemas ambientales causados por centrales hidroeléctricas o
las de los Países Bajos por los de la energía eólica.

La industria nuclear ha demostrado ser una "industria industrializante" por su efecto
sobre la "calidad" de la industria naval, los obras civiles, la metalurgia, etc. También la
"cultura de la seguridad" (radiológica y nuclear) debería tener efectos extensivos en la cultura,
a secas, como concepto totalizador, tal vez indivisible. Aceptaremos en adelante, por razones
prácticas, la distinción entre cultura científica y cultura humanística, sin entrar a considerar si,
en realidad, se trata de "sub-culturas".

La cultura de la seguridad referida es, entonces, transponible o aplicable a otros
campos. Hace muchos años visualicé "las redundancias" en una central nuclear, para
neutralizar eventuales fallas que afectaran la seguridad en su funcionamiento. Al mismo
tiempo, tomé conciencia de las inevitables limitaciones del efecto práctico, en casos
extremos, de esas redundancias y de toda norma, práctica o criterio, derivadas (como en la
mayoría de las actividades que comportan un cierto riesgo) de la articulación de cálculos
probabilísticos y de criterios económicos, que tienden a ser determinantes para moderar todo
fundamentalismo en la seguridad por parte de ciertos sectores verdes. Recientemente, el
Profesor Souleau ha descripto este fundamentalismo en publicaciones periodísticas referentes
al informe entregado por el Comité que lleva su nombre a la Ministro del Ambiente y al
Ministro de Salud Pública de Francia, en julio de este año.

En casos como el de la energía nuclear, el concepto "costo-beneficio" es, en mi visión
como abogado, un concepto más ligado a la política y, por lo tanto, a la legislación que "es su
reflejo más sensible" en la feliz expresión de Frankfurter, que a las ciencias exactas. Puede
parecer un desatino decir, más rudamente, que para el derecho, la política, la legislación, la
administración (la local especialmente) predominan las percepciones públicas de un riesgo
sobre su análisis científico que podría llegar a considerarlo inexistente.
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Una publicación de la entonces AEEN (hoy AEN Agencia para la Energía Nuclear) de
la OCDE "Pratiques de gestión des déchets radioactifs en Europe Occidentale" de 1971, es
decir, anterior a la Conferencia de Estocolmo sobre el medio ambiente, es profética en cuanto
a la amplitud futura de los problemas de políticas de gestión de desechos radiactivos
aceptables para el público y señala, como un elemento esencial, un programa de información
al público "cuidadosamente preparado".

Juzgar cuando un programa está preparado "cuidadosamente" no puede apoyarse
solamente en las apreciaciones científicas. Resulta así alentador que un experto como Abel
González recuerde en la antes citada publicación del OIEA que una cultura de protección y
seguridad requiere, entre otras actitudes, "la prevención de la complacencia", frase que
merece reflexionarse en su significado para nuestro tema de "las culturas" involucradas. "La
prevención de la complacencia" supone el estímulo a la actitud autocrítica cuya falta genera
frecuentes conflictos de comprensión entre personas de distinta formación. Pero "la
formación" o "la educación" si bien necesarias y siempre útiles pueden no ser suficientes y,
en este sentido, creo que el Profesor Rozental es demasiado optimista sobre la eficacia de la
formación para que cualquier especialista en temas científicos o técnicos en el área nuclear
pueda eficazmente comunicarse con el público o, en términos políticos "los ciudadanos".

Hay casos en que se hace dramáticamente cierto aquello de "Lo que Natura non da
Salamanca non presta", como la falta de oído musical o también la posibilidad de
comunicarse con el prójimo amigablemente, convincentemente (y por descontado,
sinceramente). Con colegas de otros países hemos coincidido que es frecuente en el público
que, cuando recibe información técnica con miras a aceptar un riesgo, por remoto que sea, se
siente sometido a una suerte de dimensión jerárquica que cierra los oídos y el entendimiento
de la gente.

Ante un temor de accidente nuclear o de accidente o peligro radiológico, el público
quiere recibir la información de los responsables máximos de la instalación o los materiales
involucrados. No quiere oír a "un portavoz" carismático sino a "un responsable" en cuya
designación su aptitud técnica debe obviamente predominar sobre su capacidad
comunicacional. No es fácil unificar ambas aptitudes, pero un sistema institucional atinado
podrá encontrar la forma de compensar carencias, integrar capacidades y satisfacer la
expectativa del público.

El citado Profesor Rozental es un comunicador nato y un hombre en el que conviven
la cultura humanística y la cultura científica. Tiene así la explicable tendencia a pensar que la
educación, una buena educación especializada, puede "hacer" de un buen técnico un buen-
comunicador, un buen formador o divulgador de la cultura de la seguridad. Creo que este es
uno de los puntos a analizar críticamente.

3. LA NECESIDAD DE UNA REFLEXION SOBRE LA "CULTURA DE LA SEGURIDAD"

Insisto: Valdría la pena suspender el flujo de papel y de tinta y dar prioridad a la
reflexión modular, en escalas que faciliten la comprensión recíproca y con una diversidad
disciplinaria que permita una percepción más realista de la complejidad de los elementos de
la mentada cultura de la seguridad, cuya necesidad es indiscutible. No es entonces casual que
la reciente decisión del gobierno francés de crear un comité sobre gestión de desechos
radiactivos incluya en él un filósofo. Algunas de las referencias que figuran en anexo pueden
ser, para los jóvenes que no las conozcan, una ayuda para este "pararse a reflexionar". Sin
esto la "cultura de la seguridad", pensada más allá de actores o responsables, conservará en el
futuro sus actuales debilidades y el riesgo cierto de terminar expresando un desideratum
tecnocrático, que será de limitada asimilación social. Si se concibe a la "cultura de la
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seguridad" como parte de un proceso de la "democratización de la cultura", demás está
referirnos a la importancia de atacar el tema desde el sistema educativo, lo más
tempranamente posible, cuestión señalada ayer por una experta brasileña del OIEA.

Y aquí volvemos a un punto central: Hasta ahora, la cultura de la seguridad parece
destinada a operadores y demás responsables (incluyendo los que deben dictar las normas).
¿Cómo puede ampliar su ámbito, y sumar a la práctica (por ejemplo en la operación de
centrales nucleares) su conocimiento y la percepción de su razonabilidad por el público?

El accidente de Goiánia es básicamente, como se ha dicho aquí, el resultado de la
negligencia de responsables calificados. La Sra. Niñón Franco nos tuvo al corriente del
proceso judicial desde el principio. Ha sido muy bien descripto por una joven jurista de esta
ciudad en la sesión técnica sobre temas legales. Ciertamente, las personas que sustrajeron la
fuente no estaban previstas en el marco de la "cultura de la seguridad". Hace unos minutos, el
profesor Pelzer sugería utilizar signos de peligro comprensibles para todos, como la clásica
calavera. Como nada resulta lineal en nuestro tema, podemos complicarlo señalando que
medidas coherentes con la mejor protección radiológica pueden no resultar armónicas con
criterios de protección física y esto, pensando en el terrorismo nuclear que vería facilitada su
acción si objetivos de su interés fuesen fácilmente identificables, especialmente en el caso del
transporte terrestre de material radiactivo.

Otro aspecto sobre el que no podemos extendernos es que la expresión "cultura de la
seguridad" reitero —en materia de protección contra las radiaciones— podría no ser
asimilable para quienes sean, genuinamente, antinucleares. Las incertidumbres que existen
desde el punto de vista científico asumidas en el meduloso fallo del juez French en el caso
Hope y Ray contra BNFL (que impiden establecer la relación de causalidad entre el accidente
y el daño sufrido salvo —limitadamente— en casos como el de Goiánia) son mal percibidas
por una parte sustancial de la sociedad. Por ello, habría que pensar también en una "cultura de
la inseguridad" que, de alguna manera, podría reflejar "la aceptación social de los riesgos
tecnológicos", cuestión que también ha dado lugar a innumerables estudios y que tiene como
ejemplos clásicos la aeronavegación y el transporte automotor. En países como Francia, por
ejemplo, han ocurrido accidentes de tránsito con más de 8000 muertos en 1996. Y cito el caso
de Francia porque es un país con un notorio alto grado de cumplimiento de normas de
tránsito. Como ejemplo práctico de esa "cultura" de seguridad (o de inseguridad si se prefiere)
recuerdo un mediodía de sol por una planicie nevada en Alsacia donde a lo lejos se veía el
encuentro de nuestro camino con otro. íbamos llegando al cruce donde se veía el
inconfundible cartel de Stop. La otra ruta estaba claramente desierta. Al llegar al cruce el
conductor —francés— se detuvo. Le pregunté entonces porque había parado si era evidente
que no venia otro automóvil. La respuesta fue "Porque no tengo derecho". Creo que sobra
todo comentario.

Distinto es el caso de un taxista de Nueva York a quien, al jubilarse, le dieron un
premio por no haber tenido un accidente en tantos años. Al responder a la pregunta de como
fue posible, la respuesta fue "Yo siempre manejé como si los demás fuesen locos o
borrachos". Aunque trivial, la anécdota muestra un enfoque original de la seguridad, que,
como en la anécdota anterior, no aparece ligado, imperativamente, a un marco de controles y
sanciones.

El aporte de Charles P. Snow para la reflexión en nuestro tema es sustancial. En "Las
dos culturas y un segundo enfoque" trabajo publicado hace más de 30 años, transmite un
mensaje claro: hay que repensar el problema esencialmente filosófico del significado de la
cultura, del significado de la ciencia, de las funciones derivadas de las investigaciones
especializadas, del nexo existente entre éstas y el conocimiento general.
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Snow afirmaba que existe una "fractura" entre las culturas científica y humanística, y
un abismo, creciente, entre ellas. Entre otros, el Presidente Kennedy señaló ese "gap" como
un efecto del deficiente sistema educativo y muy peligroso en sus consecuencias para las
sociedades modernas. Si esto es así —y yo creo en general que esa fractura subsiste y ese
abismo se agranda— debemos reflexionar con qué ritmo podrá llegar a estar vigente en la
sociedad planetaria (y no sólo en los actores y responsables) una "cultura de la seguridad"
referida al tema radiológico y nuclear.

4. CONCLUSION

Debo terminar disculpándome por mi insistencia en detenernos a reflexionar. Pero tal
vez una anécdota de hace casi 40 años sea la mejor forma de concluir estos comentarios
cuyos defectos creo poder juzgar, sin complacencia.

Al iniciarse en 1960 el curso del doctorado en derecho comercial de la Universidad de
París, el profesor Jean Hémard comenzó sus clases contándonos esta breve historia: Al
principio de la II Guerra Mundial, muchos profesionales como él fueron llamados al ejército
francés como oficiales de reserva. En una de las primeras acciones los alemanes los tomaron
prisioneros y, como oficiales, recibieron el trato prescripto en una convención de Ginebra,
siendo internados en una vieja fortaleza en Alemania. Los oficiales que eran abogados,
resolvieron ocupar su tiempo en hacer su doctorado desde allí. Se acordaron procedimientos
con la Facultad de Derecho de la Universidad de París, cuyo decano era nada menos que
Georges Ripert. Finalmente, algunos sostuvieron sus tesis de doctorado en la prisión.

Y aquí termina la historia que dice que esas tesis fueron notables por su creatividad
que reconocía dos presupuestos: 1) La escasez o la falta de libros de consulta; y 2) las
discusiones y las reflexiones entre los prisioneros (no sólo los de formación jurídica) mientras
escribían sus tesis.
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En el BDN N° 54 (die. 94), pág. 9, véase Odette Jankowitsch (OIEA) "La Convention sur la
securité nucléaire". Entre las agudas observaciones de la autora, al comentar que la
Convención prevé (art. 12) que las Partes Contratantes deben tener en cuenta las capacidades
y las limitaciones de la actuación humana (el art. 18 i.i.i. alude a "La interfaz persona-
máquina"), destaca esto por su carácter "moderno e inhabitual" en un Tratado (punto 27 b).

Marcos Aguinis, prestigioso escritor (además de profesional en disciplinas humanísticas y
científicas), durante su gestión como Secretario de Cultura de la Nación puso en marcha en
1986 el "Programa de democratización de la Cultura" que "aspira a estimular en los
argentinos el sinceramiento de nuestras limitaciones ... a que podamos pensar por nosotros
mismos, a que fortalezcamos nuestra capacidad de observación" y agrega que el programa
debe ayudar también "a reconocer errores, deformaciones y carencias". Estas transcripciones
de un discurso de Aguinis sobre el programa referido son sin duda excesivamente breves,
pero apuntan a estimular la reflexión sobre un ámbito más amplio de la "cultura de la
seguridad".

Por su interés para la reflexión propuesta agrego, en la versión original, los comentarios de la
socióloga Liliana Bailaré luego de una conversación en Buenos Aires previa a esta reunión de
Goiánia.

"Buenos Aires, 22 de octubre de 1997

"EL CONCEPTO DE CULTURA: ELEMENTOS PARA PENSAR UNA CULTURA
DE LA SEGURIDAD

"L. BALLARE
Socióloga

"Una de las dificultades a señalar con respecto al concepto de cultura está
vinculada a lo que podríamos describir —tal vez de un modo apresurado— como su
multiplicidad de acepciones.

"En una primera aproximación, es frecuente encontrar el concepto de cultura
inmerso en una suerte de "pantano intelectual", en el cual las distintas disciplinas
sociales disputan sobre su genealogía y, consecuentemente, sobre sus atributos.

"Tal como otros conceptos considerados centrales en las ciencias sociales,
éste, es objeto de interminables debates epistemológicos —así como también políticos
y económicos— de los que por momentos logra distanciarse a fuerza de cargar con un
alto grado de generalización. Por ejemplo, en algunos casos ha hecho referencia a la
totalidad de la vida de un pueblo, en otros a todo producto de la actividad humana.

"Sin embargo esta generalización, en términos de potencial explicativo, no
tardó en encontrar sus propios límites. En otras palabras, cuando un concepto dice
mucho, en realidad puede estar no diciendo nada.

"Frente a esta necesidad de acotar, en busca de una mayor precisión, podría ser
útil recuperar una definición de cultura de tipo semiótico. Es decir, si el hombre está
inserto en tramas de significación que él mismo va tejiendo, es posible considerar la
cultura como ese entramado. Esto supone concebir la cultura en el plano de la
significación, la conducta humana significa algo: en este sentido, la cultura sería el
conjunto interrelacionado de códigos de la significación, históricamente constituidos,
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compartidos por un grupo social, que hacen posible la identificación, la comunicación
y la interacción.

"Esta definición permitiría disociar la cultura del nivel de instrucción
alcanzado por una persona y, de lo que se denomina cultura erudita (por oposición a
una supuesta cultura popular).

"Entendida como sistemas en interacción de signos interpretables (símbolos),
la cultura no es una entidad, algo a lo que puedan atribuirse de manera
causal acontecimientos sociales, modos de conducta, instituciones o procesos
sociales; la cultura es un contexto dentro del cual pueden describirse todos
esos fenómenos de manera inteligible, es decir, densa (Geertz, 1987: 27).

"Por medio de la cultura, los miembros de un grupo se piensan y se
representan a sí mismos, a su contexto social y al mundo que los rodea. La diversidad
que nos presenta el mundo "toma cuerpo" en la cultura por medio de signos —que
poseemos y nos orientan. La realidad aparecería, entonces, estrechamente vinculada a
estos signos mediante los cuales la apresamos y nos comunicamos.

"Finalmente, en virtud de estas estructuras de significación, socialmente
establecidas, la gente hace cosas, somos sujetos hablantes y actuantes, no se trata sólo
de sujetos de conocimiento sino de "ser en el mundo" —que significa ser capaz de
entender y de actuar—, de implicarse en la vida cotidiana con nuestro hacer y parecer.

"En este sentido, podríamos pensar que una cultura de la seguridad supondría
la capacidad, por parte de los distintos miembros de la comunidad, de reconstruir
situaciones de riesgo en base a referentes cotidianos.

"Así, constituir miembros competentes de una cultura de la seguridad
implicaría, necesariamente:
• desarrollar la capacidad de identificar situaciones de riesgo —potenciales o

reales—, con el objeto de disponer a las personas para actuar adecuadamente;
• incorporar los códigos, que posibiliten interpretar el mensaje y lograr una mayor

eficacia en la comunicación;
• establecer referentes, ampliamente compartidos, que contribuyan a situar a los

actores respecto a "qué es peligroso" y "qué es seguro" en función del contexto;
• coordinar perspectivas de percepción y acción, a fin de reducir los niveles de

incertidumbre a nivel colectivo y facilitar la interacción de los distintos miembros
de la comunidad.

"BIBLIOGRAFÍA CONSULTADA

CLIFFORD, Geertz, La interpretación de las culturas, Gedisa, Barcelona (1987).
HABERMAS, Jürgen, Perfiles filosófico-políticos, Taurus, Madrid (1984).
HABERMAS, Jürgen, Teoría de la acción comunicativa, Amorrortu, Buenos Aires
(1991)."
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Abstract

NUCLEAR LAW AND RADIOLOGICAL ACCIDENTS.
Nuclear activities in Brazil, and particularly the radiological accident of Goiania, are examined in the
light of the environmental and nuclear laws of Brazil and the issue of responsibility. The absence of
legislation covering radioactive wastes as well as the restrictions on Brazilian States to issue
regulations covering nuclear activities are reviewed. The radiological accident and its consequences,
including the protection and compensation of the victims, the responsibility of the shareholders of the
Instituto Goiano de Radioterapia, operator of the radioactive source, the provisional storage and the
final disposal at Abadia de Goias of the radioactive waste generated by the accident are reviewed.
Finally, nuclear responsibility, the inapplicability of the Law 6453/77 which deals with nuclear
damages, and the state liability regime are analyzed in accordance with the principles of the Brazilian
Federal Constitution.

1. INTRODUCTION

Our review of the radiological accident in Goiania ten years ago is based on the
provisions of the Nuclear Law and Environmental Law.

In Brazil, the principles and rules established by the Federal Constitution of 1988 and
by federal legislation, such as the National Environment Policy (Law 6938/81 as amended by
Law 7804/89) provide the necessary legal compensation framework for all damages to the
environment.

Chapter VI of the Federal Constitution (FC) deals with the environment. Some of the
provisions of this chapter address nuclear activities, and one of them defines the competence
of the Union to legislate on the siting of nuclear power plants (FC, Article 222, Paragraph 6).

In the Constitution, several provisions link nuclear activities and environmental issues
(Article 21, XXIII, Article 49, XIV, Article 177, V and Article 225, Paragraph 6). For the
purposes of our discussion, the Nuclear Law and the Environment Law will be considered
jointly, as they are components of the same national legal framework.

2. SHARING RESPONSIBILITIES

Certain legal scholars, among which Paulo Bessa Antunes, do not consider that
Nuclear Law and Environmental Law are related, but rather, that Nuclear Law is a branch of
Energy Law, itself a part of Economic Law, and that Environmental Law remains separate
because of its humanistic character and orientation. Antunes believes that it is impossible to
combine environmental and nuclear issues, unless the issue relates to nuclear damage and its
consequences to the environment. By contrast, other law experts consider that nuclear issues
can have environmental consequences and therefore, believe that nuclear issues fall within the
scope of environmental law.

Legal experts have pointed out that nuclear energy was treated separately by the
Constitutional Assembly. The Federal Constitution provides principles and rules covering
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nuclear activities. In this sense, the provisions covering the responsibility of the Union to
issue regulations on nuclear activities should be taken to be restrictive, rather than
transmissible by delegation. How can these provisions be harmonized with the provisions of
environmental law? This is not an easy question, and there is no common understanding on
this issue.

In environmental law for instance, common responsibilities are shared by the Union,
States, Federal District and Municipalities for the purpose of avoiding the spread of damage
in matters of pollution.

The Federal Constitution provides that the control of nuclear activities should be
exercised solely by the Union, account taken of the importance of the matter and the
associated risks. Therefore, nuclear activities are performed by the Union and the agencies
under its responsibility.

We submit that the general provisions about environmental issues, particularly the
control of pollution, should not be applied to nuclear activities — the installation of a nuclear
power plant on the territory of any State or Municipality, for example, must not be denied by
State or local authorities. More conservative restrictions can be applied by legal provisions at
the State or local levels to mitigate the risk of pollution. But these provisions should not
prohibit or ban nuclear activities on their territories. This would allow States and
Municipalities to establish their own criteria and restrictions for the installation and operation
of all nuclear-related activities, within the limits of the Federal Constitution. In this regard,
States and Municipalities can promulgate their own legislation to assure good standards of
environmental quality, within the limits of the Federal Constitution. But, as already
suggested, their competent legislation should not be an obstacle for the development of
national nuclear policy.

The importance of regulating the control, management and surveillance of radioactive
waste at the federal, state and local levels must not be overlooked. Management includes the
activities of control and surveillance of radioactive wastes, as provided in Chapter 22 of
Agenda 21, adopted during the United Nations Conference on Development and
Environment, in Rio de Janeiro, in June 1992.

In Brazil, pursuant to the Nuclear Energy Policy Act (Law 6189/74 as amended by
Law 7781/89) the Brazilian Nuclear Energy Commission (also known as CNEN, its acronym
in Portuguese) has the responsibility to receive and dispose of radioactive waste. However,
since the early 1980s, a bill is under discussions at the National Parliament on the site
selection process for the disposal of radioactive waste. At the present time, this bill should be
analyzed bearing in mind the IAEA Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste Management, adopted in September,
1997, of which Brazil is a signatory.

The acceptance by the public of nuclear activities and, particularly, of their 'back
end', as radioactive waste is referred to, is not a very simple issue. People used to say about
radioactive wastes that they should be disposed of anywhere, provided this was "not in my
back yard". This formula has been adopted everywhere around the world, as well as in Brazil.
This attitude is reflected in the Constitutions of the States of Brazil, some of which contain
provisions for banning all nuclear activities, including nuclear power plants or radioactive
waste repositories. Article 241 of the Constitution of the State of Piaui, for instance, provides
that the deposit of radioactive waste within its territory cannot be accepted when the
radioactive waste is produced in any other part of the Federation. Article 153 of the
Constitution of the State of Rio Grande do Norte provides that the State will, in accordance
with the limits established by federal legislation, enact legislation covering the provisional or
permanent storage on its territory of radioactive waste arising from any activity.
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For its part, the Constitution of Goias, the State where the radiological accident
occurred, contains in Article 131, Paragraph 2 a "prohibition to install nuclear power plants to
produce, to store and to transport any kind of nuclear arms (...)", while Paragraph 1 of this
Article provides that "radioactive wastes, hazardous products, wastes from the health
institutions and others hazardous wastes should be disposed of pursuant to the law and in
accordance with the scientific criteria".

As indicated earlier, the precautionary attitude of the constitutional legislator with
respect to the final disposal of radioactive waste on all of Brazilian territory is consistent with
the principles of the Federal Constitution, which solely entitle the Union to enact laws in
matters of nuclear energy.

In this regard, the major focal points of the nuclear related legislation were the
radiological accident involving the caesium-137 source, radioactive waste produced by the
nuclear power plant and radwaste generated by the nuclear fuel cycle.

For the radioactive waste generated by the accident in Goiania, a repository was built
in Abadia de Goias, on the outskirts of Goiania. For the siting and installation of this
repository, established solely for the purpose of receiving the radioactive waste generated by
the Goiania accident, environmental and nuclear safety licensing procedures were applied.
The repository is part of a Regional Centre for Nuclear Research, established by the Brazilian
Nuclear Energy Commission in June, 1997.

The situation surrounding the creation of Abadia de Goias repository was exceptional
because the radioactive waste to be dealt with was caused by an abnormal situation and did
not arise from normal nuclear operations. For this type of eventuality, it is necessary to draw
up specific legislation contemplating siting and other licensing procedures, including the
share of responsibilities among the Union, the States and the Municipalities. These issues are
addressed by the bill under discussion at the National Congress since the early 1980s.

3. THE ACCIDENT IN GOIANIA

Since September 1987, Brazil belongs to those countries which have a record in
History of facts involving radioactive materials. In reality, the situation which Brazil faced in
Goiania was a radiological accident with consequences and repercussions comparable to
those of a nuclear accident.

This is not the forum to discuss the circumstances of the accident. Nonetheless, it
must be stated that those who were responsible for the radioactive source did not exercise
proper control — their responsibility has been determined by a competent court.

Four persons died and some 250 were contaminated. These figures carried much
weight when it came to deciding compensation for the victims under the special legislation
issued by the State of Goias and the Union in December 1996. To determine compensation
for the victims, a link of causality had to be proven. This is also very important when
considering causality for the victims of nuclear accidents which have been reported in several
documents and scientific papers.

The sensationalism of the media (nationally and internationally) and the panic brought
on by media reports gave rise to discriminatory attitudes and actions towards the inhabitants
of the city of Goiania and the products from the State of Goias. These negative attitudes of
the public towards the population of Goias and the deceased victims were unexpected and
unbelievable. Most of this conduct can be traced to a lack of information. Psychological
concerns also played a key role, as reported by A. Carvalho at the Symposium sponsored by
LAS/ANS, in June, 1997 in Rio de Janeiro.
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4. STATE LIABILITY

In Brazil, the principle of State liability was developed by the Tribunal before it was
incorporated into the Federal Constitution of 1967. The provisions of the Constitution
covering State liability embrace the principle of strict liability, i.e. liability due to risk.

For a nuclear or radiological incident, the Union is answerable for damage based upon
these general provisions (FC Article 37, Paragraph 6) and not based on the particular
provisions applied to nuclear activities (FC Article 21, XXIII). The State is responsible for
public security and public health, areas in which the utilization of new and safe technologies
is relevant.

The National Environment Policy Act (Law 6938/81 as amended by Law 7804/89)
defines the strict liability regime for damages caused to the environment, following the
principle of liability due to risk, where the acts of the agent are not relevant.

The obligation to compensate derives from the risk caused by certain activities. The
utilization of radioisotopes for industrial, medical or scientific purposes is not covered by the
provisions applicable to nuclear damage, but by the general provisions concerning State
liability.

According to Paulo Affonso Leme Machado, "the possibility of nuclear damage, the
situation of imminent damage is not a fantasy of a sick mind when we are talking about the
installation or operation of nuclear power plant. The European Commission for Human
Rights consider that "people who live in the surroundings of nuclear power plants can be
affected by their normal operation and are worried about their health security" (free
translation).

This understanding was shared by the Standing Committee on Nuclear Liability when
it discussed and drafted the protocol for revision of the Convention of Third Party Liability
for Nuclear Damage of 1963. Both the concept of nuclear incident and nuclear damage were
enlarged so as to include preventive measures of imminent and grave threat of causing
damage as well as economic loss and environmental damage. However, this could not be
done for radiological damage.

5. THE ROLE OF THE BRAZILIAN NUCLEAR ENERGY COMMISSION

In accordance with the provisions of the Brazilian Nuclear Policy Act (Law 4118/62
as amended by Law 6189/74 and Law 7781/89), the Brazilian Nuclear Energy Commission
has the responsibility to control all the activities which utilize radioactive materials,
particularly nuclear materials. For activities involving the use of radiation sources such as
radioisotopes, the control exercised by CNEN covers radiation safety and commercial
operations.

CNEN played an important role in the Goiania events, particularly in the conduct of
the operations following the accident, in monitoring the individuals of the population and
later in overseeing all the procedures necessary for the treatment of the victims and other
contaminated people.

6. CONCLUSIONS

The radiological accident of Goiania posed challenges to the professionals involved in
the area, including the professionals of law.

Most of the legal solutions found were based upon existing legal principles and
different branches of law, such as nuclear law, environmental law and criminal law.
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The legal regime for radioactive waste is a relevant example of this. Meanwhile, a
new branch of law is taking form, the law of sustainable development, which embraces
economic development and environmental protection. This is the common path for
environmental and nuclear law.
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Abstract

PROPOSED RADIOLOGICAL PROTECTION RULES FOR PATIENTS IN RADIODIAGNOSTICS.
Faced with the increasing exposure of the population to ionizing radiations and the need to

respect users' rights, political and scientific efforts have been undertaken in order to improve image
quality in radiodiagnostics and reduce risks to patients. In Brazil, in the past 20 years, a low rate of
investment in this area and inadequate health policies have lead to diagnostic radiology services of
poor quality. For their part, scientific societies, professional associations and the Ministry of Health
have issued federal and state norms which require the control of physical parameters of the
radiological equipment. Consequently, there is a need to create a National Reference Laboratory to
oversee, inspect and evaluate the implementation of such norms. Another topic addressed in this
article is the professional profile of the Medical Physics Specialist.

1. INTRODUCTION

The danger of dealing with X rays arises from their capacity to ionize matter. Since
the turn of the century, specialists have been focusing on the safety of the medical
applications of ionizing radiation, and their observations have lead to modifications in the
philosophy of radiation protection. These modifications were brought on by the knowledge of
the relationship between applied doses and the harmful effects induced by radiation.
Advances in radiation protection have been achieved based on the notions of population
exposure, hereditary effects and the limitation of risks to patients. The proposal discussed
below seeks to ensure not only low doses to justify a radiological exam, but also that they be
kept as low as possible in a cost-benefit context. The radiological image must contain all the
details needed for good diagnosis. The efficacy and success of a good exam depend on the
production of good quality images. Therefore, a correct methodology for acquiring these
images is essential. Based on these needs, most countries have concentrated efforts in the last
20 years on the implementation of programmes which can guarantee the quality of the
radiographic image [1]. In Brazil, the implementation of Quality Assurance Programmes
(QAP) has been assured in radiological departments with the approval of law 8080 dated 09-
19-1990 and related norms (CNS 6/88-01-05-89, CNEN 12/88-CNEN-NE-3.01). In addition,
attention is paid to the certification of the professionals who work in this area: the Medical
Physics Specialists.
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2. THE PRESENT SITUATION

At present several decrees, sanitary codes and state laws contain "Practical Norms for
Protection from Ionizing Radiation". In some Brazilian states, these norms are very advanced
and their application covers close to 100% of the radiological departments. In others,
application is far from ideal. Pursuant to rule GM 595 dated 04-20-1995, a
technical-scientific group has been charged with drawing up technical regulations called
"Directives for Radiation Protection in Medical and Odontological Radiodiagnostics".

A database developed by the National Commission of Nuclear Energy (CNEN) aims
to apply to Brazil the analytical models which correlate the frequency in the use of
radioactive sources in medical and odontological radiology with a grading of industrialization
and level of health care of the population [2]. Pursuant to Rio de Janeiro state government
Decree No. 1754 dated 03-14-1978, all health departments working with radiological sources
are required by law to have a radiological protection license provided by the Institute of
Radiation Protection and Dosimetry (IRD). IRD inspections have shown that in over 80% of
the radiological examinations, entrance doses were higher than the international acceptable
limits [3].

Over the last decades, inadequate health policies and low investments in the social
sector have lead to services of low quality in radiological departments, especially in public
hospitals. Governmental obligations have been transferred to private health companies, which
has lead to a discriminatory situation in health care.

3. PROPOSAL

The lack of specifications, tolerances and especially, safety requirements, is in stark
contrast with the constant and rapid technological evolution of the health care equipment
sector. This situation leads to the inadequate use of procedures, techniques and products and
hence to an increasing risk to patients and professionals. With a view to protecting the
population and ensuring the right to health care services of good quality, criteria must be
established which take account of the national situation. These criteria include:

(a) Setting up mechanisms for the orientation and education of service personnel and
users.

(b) Standardizing inspection procedures.
(c) Establishing an information and evaluation system.
(d) Providing technical assistance to radiology departments.
(e) Promoting basic and specialized training so that more and more professionals are able

to work in the radiology departments.
(f) Encouraging the airing of problems to find solutions and increase the exchange of

experiences.
(g) From a National Reference Laboratory, carrying out joint actions among several

entities as a way of exchanging knowledge, supervision and of facilitating evaluation.
(h) Increasing communication channels between the National Reference Laboratory and

service personnel.
(i) Planning radiodiagnostic activities annually, with emphasis on problems,
(j) Drawing up time charts to evaluate activities and goals,
(k) Evaluating technical procedures, programmes, quality of actions, quality of the work

performed by professionals, correct use of equipment and interaction systems with the
users.
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For most radiology services, the regulations which determine the handling of
radioactive sources are based on national legislation or regional regulations established by
local authorities. The departments have the obligation of interpreting and fulfilling the laws
aimed at improving radiation protection for patients, the public and workers. The
establishment of criteria should be the responsibility of a Safety Committee for Radiological
Protection, certified by a reference laboratory. This committee should be composed of
medical doctors, technicians and specialists in radiodiagnostics. Moreover, the committee
should write a code of behaviour, promote periodical meetings and keep updated records for
each institution. The reference laboratory should co-ordinate all activities and offer technical
support to all institutions which work with ionizing radiation.

In order to be certified, a Medical Physics Specialist should fulfil the following
requirements:

(a) he/she shall hold a degree in a technological area;
(b) he/she shall have completed a specialization of at least one year, including formal

courses in the subjects of radiation protection, radiobiology, internal and external
dosimetry, technological assessment, metrology, medical techniques, seminars,
practical work covering quality control of equipment and radiation protection of
patients, workers and the public;

(c) he/she shall have completed one year of supervised internship.
The measures proposed herein contemplate a more efficient system of control, a new

relationship between the authorities and the users, and a search for a way to raise public
consciousness so that it will demand health services and products of a higher quality.

4. RADIATION DOSES

Radiation doses which are absorbed by tissue and are necessary for good diagnosis
depend very much on the body part involved, equipment characteristics, technical parameters,
X ray beam quality and number of exposures. One of the main requirements for radiation
protection is that all radiological exams which are not expected to contribute to any diagnosis
should be avoided and all doses minimized, to the extent possible, even when diagnostic
examinations are justified. It must be considered that even in the low energy ranges, there is
always a risk associated with each radiological exam. Old and inadequate equipment can
generate high doses and cause undesirable cellular reactions at the threshold of international
standards to produce deterministic effects [4].

5. QUALITY ASSURANCE PROGRAMME

Good quality radiographic images (precise diagnostics and optimized doses) require
the adoption of methods that guarantee overall quality. At each step of the radiographic
process (X ray equipment, radiographic technique, image processing and radiography
viewing conditions) it is necessary to ensure high quality standards [1].

The search for optimized radiographies requires the correct identification of the main
diagnostic image parameters. It starts with the knowledge of the X ray generator's efficiency
and limitation, consideration of human errors, positioning of patients and correct choice of
exposure parameters. In this context, the Quality Assurance Programme (QAP) provides
periodical and continuous monitoring of correct procedures in radiological departments and
establishes the frequency of inspections and tests.
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6. TOLERANCES AND LIMITS IN DIAGNOSTIC RADIOLOGY

In diagnostic radiology, Quality Control (QC) provides the tools necessary to measure
and monitor the performance of the parameters involved in the formation of the radiological
image. QAP guarantees that the results will be collected and evaluated as part of the
administrative functions of the department. QAP = QCT (Quality Control Tests) +
Administration + Management + Education + Training.

In any measuring process, errors and allowable variations play an important role in
establishing the structure for the interpretation and analysis of the results. For this reason, the
nature of errors must be discussed as well as their propagation in a system composed of
several components.

7. RESPONSIBILITIES OF THE MEDICAL PHYSICS SPECIALIST

Diagnostics, therapy, magnetic resonance, bioelectric examinations of the heart,
ultrasound and nuclear medicine are some of the areas where ionizing radiation is used for
medical purposes. In all of them, the performance of the Medical Physics Specialist is
essential and his or her relationship with the medical doctors crucial. In research and
teaching, the Medical Physics Specialist also plays an extremely important role, as well as in
radiological protection [5].

The work of the Medical Physics Specialist is traditionally associated with radiology
departments. Due to the interdisciplinary aspect of radiology, Medical Physics Specialists
work in close collaboration with biomedical engineers, clinical engineers, computer
specialists, chemists and other professionals of related areas. In recent years, an increase in
demand for radiology professionals has been observed due to the development of new
technologies in radiodiagnostics, the increase in the cost of services, the complexity of the
equipment, a rise in the number of radiological services, the use of computers to preserve
data, the scanning of images, the reduction in doses and the improvement in image quality.

For the preceding reasons, we consider it inappropriate that the certification of a
Medical Physics Specialist should be the responsibility of any professional association, due to
the interdisciplinary aspect of the profession. It is our view that the radiology professional
should be certified by universities and/or research centres, and possibly the IRD of CNEN.

In the occupational area, the fact that doses are below the limits does not imply
adequate radiation protection conditions. Dose limits represent the most unfavourable
conditions in working with ionizing radiation. Only the correct implementation of consistent
procedures for the limitation of doses (apart of QAP) can guarantee effectiveness. The model
suggested in this article requires a broad capacity of control on the part of the responsible
agencies, which would also entail an improvement in the public health codes, a good
infrastructure and well trained personnel.

8. CONCLUSIONS

If it has been decided that a radiographic examination is necessary, radiological
protection means to obtain the radiography are to be optimized so as to derive all the
information necessary for a precise diagnosis with a minimum dose to the patient. This can be
achieved by establishing quality criteria for the radiographic images, for each kind of exam,
through the implementation of the QAP.
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As part of the radiological protection survey, routine checks covering the following
areas must be established: quality control of the X ray generators, conditions of the darkroom
and automatic processors, exposure levels to patients, workers and the public.

Upon delivering the working permit for a radiological department, it should be the
responsibility of the Public Health Services to require implementation of procedures leading
to a qualitative improvement in the performance of the department. The certification and
working permit should be based on the good functioning of the equipment and accessories,
proper radiation doses and team performance (technicians, radiologists, etc.), in accordance
with the QAP. Scientific societies should promote the concept of quality assurance, provide
training, give recommendations and apply norms and procedures accordingly.
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Abstract-Resumen

EVALUATION OF THE DISEASES ASSOCIATED WITH OCCUPATIONAL EXPOSURE TO
IONIZING RADIATION.

Medical monitoring of workers occupationally exposed to ionizing radiation enables
evaluation of their state of health, as well as early detection of general or somatic diseases which are
considered as a criterion of unfitness for work, and which may or may not be related to the exposure
conditions. A retrospective study is presented of all the cases of workers suspected to be suffering
from radiation-related diseases which were referred for specialized study to the Institute of
Occupational Medicine (IMT) during 1990-95. The incidence of the diseases and affected tissues is
described, as well as the relationship between the time of manifestation and the type of source, the
exposure time and the recorded dose levels. Diseases of the haemolymphopoietic system
predominated, being observed in individuals exposed to medical radiodiagnostic sources.

EVALUACIÓN DE LAS ENFERMEDADES ASOCIADAS CON LA EXPOSICIÓN
PROFESIONAL A LAS RADIACIONES IONIZANTES.

La vigilancia médica a trabajadores ocupacionalmente expuestos a las radiaciones ionizantes
permite la evaluación de su estado de salud, así como la detección precoz de enfermedades generales o
somáticas que son consideradas como criterio de inaptitud para la continuación del trabajo, y que
pudieran estar relacionadas o no con las condiciones de exposición. Se presenta aquí un estudio
retrospectivo de todos los casos de trabajadores con sospecha de sufir enfermedades asociadas a las
radiaciones ionizantes, que fueron remitidos para estudio especializado al Instituto de Medicina del
Trabajo (IMT) durante el período 1990-1995. Se describe la incidencia de las enfermedades
manifestadas y tejidos afectados, así como la relación entre el tiempo de aparición, el tipo de fuente, el
tiempo de exposición y los niveles de dosis registrados. Se constató el predominio de las enfermedades
del sistema hemolinfopoyético. Estas patologías se manifestaron en individuos expuestos a fuentes de
radiodiagnóstico médico.

1. INTRODUCCIÓN

La vigilancia médica a trabajadores ocupacionalmente expuestos permite la evaluación
de su estado de salud y se apoya en la realización de exámenes médicos pre-empleos y
periódicos. Estos estudios masivos se fundamentan en investigaciones médicas destinadas a
detectar tempranamente desviaciones o desordenes en órganos y tejidos que son particularmente
sensibles al daño de las radiaciones como resultado del trabajo con ellas [1].

Dentro del Sistema Nacional de Salud, el Instituto de Medicina del Trabajo (IMT) actúa
en el país como centro de referencia de la atención médica de enfermedades y accidentes que
pudieran estar relacionados o no con las condiciones de exposición laboral [2]. En este trabajo
se presenta un estudio de todos los casos de trabajadores con sospecha de presentar patologías
de origen radiogénico, se describe la incidencia de estas enfermedades y se determina la
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existencia o no de relación entre el tiempo de aparición de las patologías descritas con el tipo de
fuente, tiempo de exposición y los niveles de dosis registrados durante su vida laboral.

2. MATERIAL Y MÉTODO

Para la realización del presente trabajo se revisaron todas las historias clínicas (HC) de
aquellos trabajadores que bajo sospecha de presentar enfermedades asociadas a la exposición a
las radiaciones ionizantes fueron ingresados para estudios especializados en la sala de
Enfermedades Profesionales del IMT, durante el período de 1990 a 1995. De las HC se tomaron
datos referentes a la edad, sexo, profesión, años de exposición, tipo de fuente, diagnostico al
ingreso, diagnostico definitivo al egreso y evolución al tratamiento impuesto. Las afecciones
estudiadas fueron divididas en grupos clasificatorios. Se estimaron las dosis equivalentes
acumuladas y anual promedio para cada individuo durante su vida laboral, y se procedió a un
análisis estadístico para cada parámetro analizado.

3. RESULTADO Y DISCUSIÓN

Se estudiaron y atendieron en sala 20 casos durante 4 años. Las patologías encontradas
se distribuyeron en cinco grupos, clasificados como: enfermedades hematológicas,
oftalmológicas, dermatológicas, de tiroides y casos para estudios especiales por posible
contaminación (Cs-137,1-131).

En la distribución de los casos según la categoría ocupacional y el tipo de actividad
destaca el número elevado de trabajadores con ocupaciones médicas (17, lo que representa el
85% de la muestra). Atendiendo a su profesión, el 70% de los pacientes estudiados estaba
expuesto a fuentes ionizantes empleadas en radiodiagnóstico médico (técnicos de rayos X,
enfermeras y médicos radiólogos); el resto representa sólo el 30%.

Al analizar el comportamiento de las enfermedades según la profesión y tipo de fuente
de exposición (Fig. 1) se puede apreciar que el mayor número de las patologías estudiadas la
constituían las enfermedades del sistema hemolinfopoyético, que se manifestaron
principalmente en individuos que trabajaban expuestos a fuentes de rayos X-diagnóstico. Estos
resultados coinciden con lo reportado por otros autores [3-5].
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FIG. 1. Comportamiento de las enfermedades por tipo de profesión.
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CUADRO I. DISTRIBUCIÓN DE LAS AFECCIONES SEGÚN LOS
AÑOS DE EXPOSICIÓN Y LAS DOSIS ACUMULADAS
EQUIVALENTES

Enfermedades

Leucopenia

Anemia

Trombocitopenia

Catarata

Adenoma de tiroide

Nodulo de tiroide

Trastorno del nervio óptico

Capilaritis cutánea

Rango de dosis
equivalente

acumulada (mSv)

5,65-37,74

5,60-14,15

4,50-31,80

8,93

5,06

6,25

5,48

9,10

Años de exposición por
caso

7/7/8/17/18

8/12/17/18

10/24

14

12

10

12

23

El análisis de las patologías según los años de exposición y las dosis equivalentes
promedio anuales recibidas se muestran en el Cuadro I. Se observa que las patologías estudiadas
se manifestaron en trabajadores que recibieron una dosis total acumulada que osciló entre 4,58
mSv y 37,74 mSv durante su vida laboral.

Estos niveles de dosis corresponden a actividades ejercidas en condiciones normales de
exposición y se encuentran por debajo del límite de dosis anual establecido para un año de
ocupación con fuentes de radiaciones ionizantes [6].

No fue posible establecer un criterio que defina una relación entre la aparición de
manifestaciones clínicas que anuncien una enfermedad de origen profesional y el tiempo
laborado en condiciones de exposición en este estudio, ya que esta relación se manifestó de
forma variable y no definida en cada uno de los casos.

De los pacientes atendidos, el 10% fue declarado inepto para continuar desarrollando
actividades que impliquen exposición. A los pacientes con leucopenia (2), anemia (2) y nodulo
en tiroides se les cambió temporalmente de labor, y al 65% se le mantuvo en su puesto de
trabajo sin hacerse ninguna recomendación al respecto [7].

4. CONCLUSION

Las enfermedades del sistema hematopoyético fueron las patologías de mayor
incidencia entre los trabajadores que laboran expuestos a fuentes de rayos X-diagnóstico
médico; esos pacientes fueron atendidos en el IMT durante el período de 1990 a 1995.

La posible relación entre la enfermedad que sufrían los trabajadores y las condiciones de
exposición a las radiaciones ionizantes no fue concluyente.
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Se reafirma una vez mas la importancia de los examenes medicos como registros
cronologicos en la deteccion de las distintas manifestaciones clinicas del personal durante las
practicas con radiaciones ionizantes.
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Abstract-Resumen

RADIOLOGICAL SAFETY PROGRAMME FOR THE HEALTH DEPARTMENTS IN PARANA,
BRAZIL.

As a result of Brazil's centralized administration in the past, various parts of the public
service were somewhat inefficient. Another reason was the size of the country. To improve the
situation in the health sector, it was decided to transfer administrative responsibility to the municipal
authorities. Accordingly, the public health system is now defined under the appropriate legislation as
the "Unified Health System" (SUS), comprising federal, state and municipal levels. This system
promotes decentralization of therapeutic or preventive services (including the Radiation Facility
Health Inspectorate) and proposes any additional legislation required. In Parana the Radiation
Facility Health Inspectorate has 3600 organizations listed, employing ionizing radiation in medicine,
industry and research, which need to be regularly inspected for licensing and control. In 1994, 50%
of the annual inspection target in the state was attained. The Radiation Safety Programme for the
Health Departments in Parana directs these activities in this State. Its strategies are: (1) to establish
implementation phases for activities planned for each area; (2) to take advantage of the SUS structure
to introduce or expand operational services at the primary, secondary and tertiary levels with
appropriate equipment. The tertiary level involves co-ordination of the Programme and
complementary executive functions, as well as maintaining an information system with other related
organizations. The other levels include licensing, control and emergency response. As the
Programme develops, indicators will be established to help identify progress achieved and correct
operating strategy where necessary. Thus, the services provided to the public will be enhanced in
quality and the radiation doses reduced. In addition, in emergency situations, the time elapsing
between the event and its notification to the authorities will be reduced, minimizing the consequences
of any accidents.

PROGRAMA DE SEGURIDAD RADIOLOGICA PARA LAS OFICINAS DE SALUD EN
PARANA, BRASIL.

Debido a la administracion centralizada en Brasil en el pasado, se observo una falta de
efectividad en diversas areas del servicio publico. Esto se debio, ademas, a las dimensiones del pais.
Para cambiar la situation en el area de la salud, se opto por transferir la administracion y ejecucion
de las acciones a los Municipios. Asi, el sistema de salud publica esta definido, por su legislacion
propia, como "SUS-Sistema Unico de Salud", comprendiendo los niveles federal, estatal y
municipal. Preconiza la descentralizacion de las practicas curativas o preventivas (inclusive las de
vigilancia sanitaria de las radiaciones ionizantes) y la legislacion complementaria. La Vigilancia
Sanitaria registro en Parana 3600 instituciones usuarias de radiation ionizante en medicina, industria
e investigation, que deben ser regularmente inspeccionadas para licenciamiento y control. En 1994,
se alcanzo el 50% de la meta anual de inspecciones en este Estado. El Programa de Seguridad
Radiologica para las Oficinas de Salud de Parana orienta estas acciones en el Estado. Sus estrategias
son: 1) dividir en fases de implantation, correspondientes al desarrollo de actividades en cada area;
2) aprovechar la estructura del SUS e implantar/incrementar servicios para la actuacion a los niveles
primario, secundario y terciario, con equipos adecuados. Al nivel terciario cabe coordinar el
Programa y actuar complementariamente, manteniendo un sistema de information con los
organismos de interes. A los demas niveles, cabe el licenciamiento, control y actuacion inmediata en
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situaciones de emergencia radiológica. Con el desarrollo del Programa, los indicadores serán
determinados y podrán mostrar los adelantos conseguidos y corregir las estrategias operativas. Así,
los servicios prestados a la población conducirán a una mejora de la calidad y las dosis de radiación
se reducirán. Además, en las situaciones de emergencia, el tiempo transcurrido entre el evento y su
comunicación a las autoridades se reducirá, minimizándose así los efectos de posibles accidentes.

1. INTRODUCCIÓN

Las grandes áreas de actuación gubernamental siempre han seguido un modelo de
administración centralizador y departamentalizado en Brasil. Del mismo modo, también en
las de salud y energía nuclear se establecieron sus primeras políticas de manera centralizada
en la administración federal brasileña. En el área de energía nuclear, más específicamente en
las cuestiones relativas a la protección radiológica en las prácticas médicas, industriales,
enseñanza y pesquisa, se siguió el mismo modelo centralizado; es controlada únicamente por
la Comisión Nacional de Energía Nuclear.

Con relación a la salud pública, la determinación de programas asistenciales y de
programas preventivos de salud partían del nivel federal, así como la gestión de los recursos.
El método de actuación del gobierno federal, basado en el desarrollo de programas nacionales
y en el seguimiento de los problemas locales, volvía el sistema ineficaz, vista la extensión
territorial y la diversidad socioeconómica y cultural de las diferentes regiones. En este
escenario de actuación no integrada entre las instituciones gubernamentales, además de la
centralización de las actividades, conocimiento técnico e informaciones, ocurrió el accidente
radiológico de Goiánia en 1987, en el que se vio involucrada una fuente de cesio 137
perteneciente a una instalación de radioterapia.

Para obtener mejoras en el sistema de salud pública se definieron nuevas condiciones
para la promoción, protección y recuperación de la salud que, por ser materia constitucional,
fueron reglamentadas por la ley N° 8080 del 19/09/90 [1], instituyendo el "SUS-Sistema
Único de la Salud", que comprende el conjunto de acciones y servicios de salud prestados por
las oficinas federal, estatal, municipal y entidades con convenios. El SUS preconiza la
descentralización de la gestión de recursos, la ejecución de las prácticas curativas y
preventivas, así como la legislación complementaria, para las oficinas estatales y municipales
de salud.

La Vigilancia Sanitaria, en su forma de salud preventiva, comprende en su área de
actuación las cuestiones relativas a las radiaciones ionizantes, más específicamente las de
control de productos, las de salud del trabajador y las de prestación de servicios que se
relacionan directa o indirectamente con la salud.

En el Estado del Paraná, que está localizado en el sur del Brasil, se compone de su
capital Curitiba y 369 municipios más, donde la actividad predominante es la agropecuaria, y
que cuenta con una población de 8 500 000 habitantes, la descentralización de las acciones de
Vigilancia Sanitaria para las oficinas municipales, la llamada municipalización, es ahora una
realidad bien establecida que abarca al 87% de los municipios. También, atendiendo a la
descentralización, el Estado asumió actividades que otrora solamente se ejercían a nivel
federal, cuyo proceso era en muchos casos anterior al proceso de municipalización. Ejemplo
típico es el inicio de la Vigilancia Sanitaria de Radiaciones Ionizantes en 1988, y que
comenzó a ser transferida a las Oficinas Municipales a partir de 1991.
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2. OBJETIVOS DEL PROGRAMA

Orientar las estrategias de modo que las oficinas de salud ejecuten las actividades de
Vigilancia Sanitaria de Radiaciones Ionizantes de su competencia, interrelacionándolas y en
consonancia con la Comisión Nacional de Energía Nuclear y Ministerio de Salud, para
uniformar las acciones y concentrar recursos. De este modo se garantiza la cobertura del
universo de 3600 instituciones usuarias de radiación ionizante en aplicaciones médicas,
industriales, enseñanza y de investigación que ejercen en Paraná.

3. ESTRATEGIA PARA EL DESARROLLO DEL PROGRAMA

El conjunto de Oficinas de Salud actuantes en el Estado del Paraná se puede
representar esquemáticamente como en la Fig. 1. Esta representación en forma de pirámide
resalta que la base del Programa de Seguridad Radiológica son las oficinas de salud
municipales, donde los problemas se producen y las informaciones nacen. Es, enfin, el
Municipio la base de un sistema de informaciones que implica no solamente al nivel terciario,
sino también al federal y en algunos casos al internacional.

CENTRAL - CURTTIBA

- • • 3 7 0 MUNICIPIOS

FIG. 1. Representación esquemática de las Oficinas de Saluden el Estado del Paraná (Brasil).

Como el Brasil es un país en desarrollo y está pasando por un proceso de
reestructuración política, económica y social, en pos de una mejoría de la calidad de vida de
su población, es de vital importancia la racionalización de recursos materiales y humanos. De
esta forma, la estrategia básica para el desarrollo del Programa de Seguridad Radiológica,
aprovechando la estructura presentada arriba, es:

a) dividir la ejecución de las diversas actividades de cada área de aplicación de las
radiaciones ionizantes en fases por orden creciente de complejidad (cuadro I);

b) implantar o incrementar los servicios para ejecutar el programa de acuerdo con las
posibilidades de cada nivel (cuadro II).

La distribución de las actividades, de acuerdo con las áreas y fases, obedece a un
orden creciente de complejidad, pasando cada vez más a exigir conocimientos técnicos e
instrumentación más sofisticada. Los costos presentados se refieren a la inversión mínima en
los equipos necesarios para la ejecución de las actividades propuestas, no estando
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CUADRO I. FASES DE IMPLANTACIÓN DE ACTIVIDADES DEL PROGRAMA DE
SEGURIDAD RADIOLÓGICA, POR AREAS DE APLICACIÓN DE LAS RADIACIONES
IONIZANTES

AREAS

Rayos X
odontológicos
(RXO)

Rayos X médicos
(RXD)

Medicina nuclear
(MN)

Radioterapia (RT)

Industria (IND)

Enseñanza e
investigación (E/P)

Transporte y
desechos (T/D)

Emergencia

FASE1

-Inventario
-Inspección visual

-Inventario
-Inspección visual

-Inventario
-Inspección visual

-Inventario
-Inspección visual

-Inventario

-Inventario

-Inspección visual

-Detección
-Selección

FASE 2

-Fase 1
-Ensayos de calidad

-Fase 1
-Radiometría

-Fase 1
-Inspección y medidas

-Fase 1
-Inspección y medidas

-Fase 1
-Inspección visual

-Fase 1
-Inspección visual

-Fase 1
-Radiometría

-Fase 1
-Atención

FASE 3

-Fase 2
-Radiometría

-Fase 2
-Ensayos de calidad

-Fase 2
-Ensayos de calidad

-Fase 2
-Ensayos de calidad

-Fase 2
—Inspección y medidas

-Fase 2
—Inspección y medidas

—Recorrido

-Recorrido

incluidos los referentes a recursos humanos, material de consumo y otros, así como los
50 000 dólares de los EE.UU. ya utilizados.

4. DISCUSIÓN

El cuerpo técnico para actuar en los niveles primario, secundario-regional de salud y
terciario está compuesto por inspectores de saneamiento, ingenieros sanitarios, farmacéuticos,
dentistas, enfermeros, técnicos en radiología y físicos. Para el nivel secundario-macro región
será necesario por lo menos un físico por macro región, recurso este que no existe
actualmente pero que podrá ser incorporado a través de acuerdos de colaboración con
universidades, organismos de medio ambiente, asociaciones profesionales y otros. Todos los
profesionales deberán ser capacitados para el ejercicio de sus funciones.

Actualmente, las actividades relacionadas con la medicina nuclear, radioterapia,
industria, enseñanza, investigación y atención a las situaciones de emergencia, son
desarrolladas por el nivel terciario y por la Comisión Nacional de Energía Nuclear. Con
relación al radiodiagnóstico médico y odontológico, muchos son hoy los municipios que
realizan inventarios, inspecciones y licénciamiento sanitario de los servicios bajo sus
jurisdicciones. Algunos ya están realizando ensayos de calidad en equipos odontológicos de
rayos X. En los municipios donde no existe la ejecución de nivel local, ésta se hace
complementariamente a través del nivel secundario, para dar cumplimiento a las actividades.
Fue así que en 1994 se alcanzó el 50% de la meta anual de inspecciones en el área,
totalizando aproximadamente 1000 inspecciones en el Estado, que fueron realizadas por
técnicos de Vigilancia Sanitaria de nivel superior y medio, sin formación específica en
protección radiológica pero que están siendo entrenados por el nivel terciario desde 1991.
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CUADRO II. ESTRUCTURA PARA EL DESARROLLO DEL PROGRAMA DE
SEGURIDAD RADIOLÓGICA EN EL PARANA HASTA EL AÑO 2000

NIVEL

PRIMARIO

Sin costo para el nivel

SECUNDARIO

REGIONES DE

SALUD

Sin costo

MACRO REGIONES

Costo: SEE.UU. 60 000

TERCIARIO

Costo: SEE.UU. 70 000

ESTRATEGIA BÁSICA

-Implantación de SMVSRlU) en los municipios para:

-Actuar en RXO hasta la Fase 3 y RXD hasta la

Fase 2

-Implantación de SRVSRI(2) en 24 regiones para:

-Actuar complementariamente en los municipios en

RXO y RXD hasta la Fase 3

-Actuar en MN y RT hasta la Fase 1

-Implantación de SRPRW en las 7 sedes para actuar:

-Complementariamente en RXO, RXD, MN y RT

-En IND, E/P, T/D y EMERGENCIA

-Implantación del Laboratorio de Dosimetría TLD

-Implantación del Laboratorio de rayos X

-Manutención/Ampliación del Servicio de Protección

Radiológica para:

-Actuar complementariamente en todas las áreas

-Seguir el desarrollo del Programa de Seguridad

Radiológica en el Paraná

-Proporcionar soporte técnico a los otros niveles

-Atender situaciones de emergencias, hacer

investigaciones, formular convenios, entre otros.

COSTO TOTAL DEL PROGRAMA: $EE.UU. 130 000

U) Servicio municipal de vigilancia sanitaria de radiaciones ionizantes.
(2) Servicio regional de vigilancia sanitaria de radiaciones ionizantes.
O) Servicio regional de protección radiológica.
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5. CONCLUSION

Como resultado de la fase 1, bajo la actuación de los niveles primario y
secundario-regional en 1994, se consiguió que 42% y 70% de las instituciones inspeccionadas
en radiodiagnóstico médico y odontológico, respectivamente, atendiesen las recomendaciones
de vigilancia sanitaria. Esto no significa que el funcionamiento de las instituciones sea
óptimo en términos de protección radiológica, pero sí con certeza, una mejora de las
condiciones. El funcionamiento óptimo de todas las instituciones pertenecientes a las diversas
áreas de la utilización de las radiaciones es la meta a alcanzar, después de ser consideradas
todas las fases en los niveles competentes. De los datos colectados por los niveles primario y
secundario se sacarán las informaciones y se sentarán las bases para la determinación de
indicadores que podrán ser útiles para demostrar los avances conseguidos y corregir las
estrategias operativas del programa.

La Comisión Nacional de Energía Nuclear no ejecuta un programa regulatorio
completo de acuerdo con las normas del OIEA [2] en lo tocante al "hacer cumplir"
(enforcement), dado que no posee los instrumentos legales para ello. Por otro lado, los
organismos de salud disponen de poder legal, a través de la legislación sanitaria, para dictar
normas complementariamente, licenciar, inspeccionar e inclusive hacer cumplir la
legislación. Lo que pretende el Programa de Seguridad Radiológica para el Estado de Paraná
es asegurar la protección radiológica de los profesionales, reducir las dosis en pacientes,
disminuir el tiempo transcurrido entre un evento y su comunicación a las autoridades y con
ello minimizar los efectos de posibles accidentes y, consecuentemente, aumentar la seguridad
de toda la población.
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Abstract

THE RADIOLOGICAL ACCIDENT OF GOIANIA AND ITS CONSEQUENCES FOR THE
DEVELOPMENT OF LAW.

The radiological accident of Goiania and its repercussions caused intense debate in Brazilian
society, which extended to the legislative sphere. One of the principal outcomes of this debate was
the inclusion in the new Brazilian Constitutional Charter of legal provisions covering the control of
nuclear energy and of radiation sources. Internationally, the 1986 Vienna Convention on Early
Notification of a Nuclear Accident and the Convention on Assistance in the Case of a Nuclear
Accident or Radiological Emergency were invoked following the accident and proved to be effective
in facilitating international co-operation and solidarity to deal with the aftermath of the accident. A
number of international treaties on assistance in the event of nuclear accidents, the management of
radioactive waste and the management of spent fuel are currently in force. The Joint Convention on
the Safety of Spent Fuel Management and on the Safety of Radioactive Waste, adopted in 1997, is
the most recent treaty promoting the sustainability of nuclear activities. Looking ahead, an
international legal framework is needed to build upon and improve the principles of a culture of
radiation safety.

1. GENERAL CONSIDERATIONS

The consequences of the Goiania accident for the development of law at the national
and international levels are worthy of note, especially bearing in mind the status of the
legislation in effect at the time of the accident. In the autumn of 1987, the Constitutional
Assembly charged with drafting and approving the new Federal Constitution in Brazil was
advancing in its tasks.

Significantly, before the accident, nuclear energy had already been a major issue in
the discussions of the Constitutional Assembly. As a result of this new legislation, however,
the control of radiation sources was raised to the constitutional level, in spite of the prior
existence of provisions to this effect in the legislation at the Federal Union, Federal District
and state levels.

The Federal Constitution contains the following two principles with regard to nuclear
energy and radiation sources: (I) as far as political and safety matters are concerned, it is the
Federal Union's responsibility to regulate and control nuclear energy and radiation sources;
(II) as far as health and environmental matters are concerned, regulation and control are
shared by the Federal Union, the states, the Federal District and the municipalities.

The judicial case brought on by the accident of Goiania was decided in accordance
with the criminal legislation existing at the time, based on the fact that safety rules and
procedures issued by the Brazilian Nuclear Energy Commission had not been respected. The
persons held responsible — three medical doctors who were shareholders of the company
called Instituto Goiano de Radioterapia and the Supervisor of radiation protection — were
condemned. The legislation providing for pensions for the victims or their families was
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enforced in the state of Goias and in the Federal Union [1,2]. However, the Court's decision
on the issue of the civil liability of the persons responsible for the accident is still pending.

The radioactive wastes generated by the accident were managed and disposed of in
accordance with the applicable international principles and standards. These wastes were also
managed in compliance with the legal and administrative rules in force and were the object of
an ongoing co-operation between the State of Goias and the Federal Union. Law 6189/74, as
amended, attributed to the Brazilian Nuclear Energy Commission the competency to receive
and dispose of radioactive wastes. The repository was licensed in accordance with the
environmental and nuclear legislation. In the context of the environmental licensing
procedures for the repository, a public hearing was conducted to analyse the Environmental
Impact Report.

Following the accident, the Federal Government sent to Congress a bill spelling out
the principles associated with the choice of the site, construction, licensing, operation and
surveillance of the waste disposal facility and its related costs. The Congress did not
deliberate on the bill. Today, this bill must be analysed bearing in mind the principles set
forth in the new Joint Convention on Safe Management of Spent Fuel and Safe Management
of Radioactive Waste, adopted in Vienna in September 1997.

2. DEVELOPMENT OF THE INTERNATIONAL NUCLEAR LEGISLATION

From an international perspective, the 1986 Vienna Convention on Early Notification
of a Nuclear Accident and in particular, the Convention on Assistance in the Case of a
Nuclear Accident or Radiological Emergency, proved to be effective. International co-
operation and solidarity were put into practice on the occasion of the Goiania accident.

In the 1990s, the United Nations Conference on Environment and Development, the
so-called 1992 Rio Earth Summit, consolidated both the principles and the programme in
Agenda 21. One of the chief principles stated in this agenda is that all technologies should be
safe and environmentally sound. Chapter 22 of Agenda 21 deals with the principles and
recommendations for the safe management of radioactive waste, including the transboundary
movement of radioactive wastes; additionally, it proposes to ban the dumping of any kind of
radioactive waste in sea waters and recommends reliance upon and adherence to international
instruments which govern radioactive wastes.

The recently adopted Joint Convention on the Safety of Spent Fuel Management and
on the Safety of Radioactive Waste Management (Vienna 1997) is an international legal
instrument promoting the sustainability of nuclear activities. As an incentive convention, it
aims to promote the principles related to the culture of safety and defines the responsibility of
the party states and licensees in relation to the production, management, and disposal of any
kind of radioactive wastes, bearing in mind the protection of the present and future
generations and their environment.

These treaties are part of the family of conventions dealing with the strengthening of
the safety culture. Finally, perhaps the most weighty of them all, the Nuclear Safety
Convention (Vienna 1995), strives to promote a culture of nuclear safety for nuclear power
plants throughout the world.

While both conventions are essentially incentive in nature, they are nonetheless
binding for the party states: it is most important that the activities involving the use of
radioactive materials be technologically and environmentally safe and sound. Beyond these
treaties, other non-binding instruments, such as the IAEA Safety Standards and their corollary
requirements, should also be recalled.
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3. LOOKING AHEAD

It would seem that the time has come to think about the construction of an
international legal framework to improve the principles of the radiation safety culture, as Mr.
Abel Gonzalez, from the IAEA, pointed out during the Opening Session and as underscored
in the papers contributed by Mssrs. Roberto Rojkind from Argentina and F.N. Flakus from
the IAEA. We must take inspiration from this idea.

Indeed, international binding instruments do exist for some aspects of the control of
radioactive materials, particularly in the area of transportation. The transboundary movement
of radioactive waste is treated in the framework of the Joint Convention on the Safety of
Spent Fuel Management and on the Safety of Radioactive Waste Management. Yet this
instrument does not embrace the entire range of radioactive materials and even less that of
radioactive sources.

In order to promote the realization of the principles of radiation safety, it seems
necessary to build an international legal framework that will commit states to meet the
purposes of these principles and foster their international acceptance. Under the framework
contemplated, states would have the responsibility to control the activities under their
jurisdiction; they would co-operate with one another to control suppliers, consumers and
export or import activities; each state party would promulgate competent legislation clearly
spelling out all radiation safety responsibilities in accordance with the 'polluter pays'
principle, including all obligations arising from the cycle of products and generation of
wastes; authorities would be empowered to enforce the rules and apply penalties; a liability
regime that would include transportation and state liability would be applied to
manufacturers, operators and licensees; special commitments would be made by states to
allocate financial and human resources to this area, which would include possibilities of
training; and a system of information, along the lines of SINAER [3], linking all the countries
involved, would be set up to prevent or report any abnormal event.

In this regard, the points raised by Mr. Rojkind are worth underscoring. According to
Mr. Rojkind, "the loss of corporate memory about a spent source could be one of the most
significant conditions leading to an accident, since the safety of spent sources is as important
or even more important than the safety of sources in use. For this reason, managers should
encourage the use of the 'correct from the very beginning' approach in regulatory activities,
in order to perform monitoring and enforcement actions effectively" [4].

For his part, Mr. Flakus mentions the importance of understanding the infrastructure
needs of radiation safety, as "... many countries do not yet have national radiation protection
capabilities consistent with their increasing use of radiation sources. There is evidence that
radiation safety mechanisms are inadequate in some 40 countries. (...) To compound the
problem, trained and knowledgeable personnel are in short supply, with no long term strategy
in place to ameliorate the general situation. Low salaries, as a consequence of a lack of
sufficient financial resources committed to radiation safety activities, are resulting in a
serious brain drain of trained people to better paid jobs in national industries or other
countries" [5]. These observations are consistent with the 'Collective Opinion' issued by the
Committee on Radiation Protection which is sponsored by the OECD Nuclear Energy
Agency [6].

Measures to improve the radiation safety culture should not impose any additional
budgetary burdens on states, in particular developing countries. The financial resources
necessary to fulfil obligations resulting from radiation safety improvements should be borne
by operators through the payment of licensing fees and levies for the disposal of spent
sources, following the 'polluter pays' principle.
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In short, each state should establish a competent regulatory body, train human
resources and mobilize sufficient financial resources to control the activities under its
jurisdiction.

We have gathered here to remember the radiological accident which happened ten
years ago in this city. The lessons learned from this event — and from others reported in the
course of this Conference — have demonstrated that the international community should be
invited to reflect on how to make radiation safety principles and requirements effective and
how to secure a commitment from those responsible for the radiation source cycle that they
will abide by these rules. These steps, along with the urgent creation of instruments and
conditions appropriate for the safe use of radiation sources, are necessary to prevent the
occurrence of any other accident of this kind.

This is the best we can do in memory of the victims of the accident of Goiania and of
other similar events.
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REMINISCENCES OF GOIANIA TEN YEARS LATER: THE PSYCHOLOGICAL EFFECTS.
The author recalls her experiences during the follow-up of the radiological accident in

Goiania, Brazil, in 1987, when a 137cs capsule was removed from an abandoned radiotherapy clinic.
At the time of the accident she was employed by the Brazilian Nuclear Energy Commission's
(CNEN) Department of Human Resources Management as a psychologist. She describes the
emotional impact suffered by the victims, the population, the medical care team and the staff of
emergency responders of CNEN as they decontaminated the city and cared for the victims. The
author puts forward proposals for psychological preparedness for radiological emergencies and
nuclear accidents.

1. INTRODUCTION

On 29 September 1987 the Brazilian Nuclear Energy Commission (CNEN) was
notified of an accident in Goiania with a I37Cs source. A small group of experts composed of
physicists, radiation protection specialists and two doctors flew to Goiania on 30 September
to assess the situation. The cleanup of the city was initiated as well as the medical care at the
Goiania General Hospital (HGG) of the 20 persons suffering from radiation exposure and
contamination.

Fourteen victims, in a more serious situation, were flown to Rio de Janeiro for
specialized medical care at the Marcilio Dias Naval Hospital (HNMD). Four people died as a
result of their injuries.

Although the levels of stress and panic were very high during the recovery operations,
no specific attention was dedicated to the psychological aspects of this disaster. The radiation
protection teams, under considerable stress, who were working with the victims at the
hospitals and the rescuers, surprised, unprepared and feeling extremely stressed by their work
in the cleanup of the city of Goiania, informally asked for our psychological support.

According to the CNEN leaders in charge of the emergency efforts, this kind of relief
was not necessary, since the accident was strictly of a technical nature. Later it was
ascertained that psychological counselling was one of the most important items to be
considered [3].

But the workers insisted and I conducted informal interviews at my office at CNEN
headquarters. All I did was listen to them, and I slowly started to understand their
predicament and attempted to give whatever support was possible. Some of them suggested
that I write about what was happening in the area of the accident, that I study the
psychological after-effects of a radiological emergency and that, after drawing the lessons
from this experience, I put psychological guidelines forward. In the future, with the aid of
these guidelines, other people might be psychologically prepared to deal with a catastrophe of
this kind.

In February 1988 I was finally given permission to go to Goiania to study the
psychological after-effects of the accident and to report on them.
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2. METHOD

2.1. Collection of data

During the first half of March 1988 I interviewed the following groups of people in
Goiania: the victims who had been hospitalized and those who had not; psychiatrists and
nurses who had treated the victims at the HGG; neighbourhood residents who lived near the
focal points of contamination; workers from the newly-formed Leide das Neves Ferreira
Foundation, in particular the social workers; city dwellers chosen at random; the individuals
who had first come into contact with the source and had faced the disaster: the physicist who
had first found out about the source and deduced that an accident had occurred and the
veterinary doctor from the sanitary post the victims first turned to when their radiation
syndrome symptoms started to appear; and finally, journalists from Goiania. Additionally, I
watched and analyzed taped TV news reports of the accident.

During the second half of March 1988 in Rio de Janeiro I interviewed doctors, nurses,
a chaplain and the staff of the Marcilio Dias Naval Hospital (HNMD); the first two medical
experts to treat the victims, and the former Director General of Community Support of the
Civil Defence Department of Rio de Janeiro, who had participated in the cleanup of Goiania
and in caring for the victims.

At the end of March and in April 1988, with the aid of a structured questionnaire and
individual interviews, I gathered research on 78 rescuers (about 10% of CNEN staff) chosen
at random at the headquarters of CNEN and its institutes.

2.2. Procedure

The subjects were interviewed in their homes, working areas or wherever they were
situated at the time. The structured questionnaires were given to the workers at their place of
work.

2.3. Data analysis and review

Psychiatrists and psychologists were consulted and were very helpful; hypotheses
about disorders were formulated. Assistance was also provided by CNEN's Centre for
Nuclear Information (CIN) which was able to find literature on instances of contamination
which had taken place in laboratories.

3. RESULTS

3.1. The population of Goiania

The TV tapes were a neutral means of obtaining an exact measure of the scope of the
accident. In particular, they showed how official communications were conveyed to the
population, the neutrality of some channels and the partiality of others with respect to
radioactivity, the panic in the population, their anger or aggressiveness, and how politicians
and well known figures tried to use the accident to focus attention on themselves, sometimes
complicating the work of the emergency responders.

Interviews with the first CNEN workers to arrive at the scene were also helpful in
shedding light on the emotional impact the accident had on the population, exemplified by the
terror which took hold of people who had their contamination indices measured at the CNEN
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monitoring post, where many fainted out of panic or showed enormous blisters and reddened
skins. The monitoring of these individuals showed no contamination whatsoever [3].

Interviews with the population and with the people who had lost property or had their
houses interdicted were also crucial, providing many insights into the instances of ostracism
and discrimination [4].

3.2. The victims

The victims who had been hospitalized talked about what had happened to them, how
they had been treated, aspects of their stay at the hospitals, their fears and how they were
fatalistic about what had happened. They further spoke of how their fright had started with
the first deaths, the stress caused by the rigid radiation protection rules, the daily painful
medical procedures, bodily deterioration and opportunistic infections. Patients became
depressive, which aggravated their state, and became prone to suicidal wishes. They felt rage,
were agitated, aggressive, irritable, anxious and had nightmares [1,2, 4].

After their discharge from hospital, the victims continued to suffer the consequences
of contamination: they were discriminated against and had difficulty in finding jobs [4]. The
government of the state of Goias established an institution called the Leide das Neves
Foundation to help them.

3.3. The emergency responders

Although the radiation protection staff of CNEN dispatched to the Marcilio Dias
Naval Hospital in Rio de Janeiro and the Goiania General Hospital had theoretical knowledge
of radiation syndrome, they had no practical experience with real victims of radiation in
hospitals. The first shock they experienced was to find out about the accident and the initial
sight of radiation induced dermatitis. For most of them, the cause of stress was overwork
caused by the organization of the service, procedures, co-ordination and the division of tasks.
Wearing protective clothing and masks, working with the rigid standards of radiation
protection, CNEN staff had to follow the prolonged hospitalization and isolation of the
victims because of opportunistic infections as well as share their physical and mental
suffering and pain. They were always afraid the patients would die, were strongly affected by
their injuries and deaths and felt that the monitoring of autopsies was unbearable [1,3].

A few radiation protection workers said that they had been sufficiently prepared for
the event and felt nothing, but nonetheless became deeply involved. Others found it difficult
to work because they were so affected; they wept freely, away from the sight of patients and
co-workers [1, 3].

Later, as the victims returned to Goiania, the CNEN staff was assigned to different
areas. While some went to work in the city cleanup, others were sent to the HGG to continue
radiation protection activities [1,3].

It was difficult to find people to work at the HGG because of the fear of radiation. The
victims were experiencing serious psychological reactions which the team did not understand
or know how to deal with. After two weeks at this hospital, the radiation protection team was
completely exhausted owing to excess work and emotional stress.

Due to the lack of regular hospital personnel, they were forced to assume the role of
nurses and guards, because some of the patients, screaming and in fury, wanted to escape
from the ward by throwing themselves out of the windows. At this point, many of the CNEN
workers began to present psychosomatic disturbances such as insomnia or gastric problems
[3].
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The work of the radiation protection staff in the emergency efforts during and
following the accident had a significant impact on their feelings. The first groups to arrive,
with no prior knowledge of what was happening, were the ones to suffer the most. As the
months passed, more information became available about what to expect, staff became more
aware and their anxiety lessened. At this stage according to the survey, they were not afraid to
confront the disaster and their main psychological impact was pity, worry and a strong feeling
of solidarity with the victims and population.

Some workers felt claustrophobia as they had to use unfamiliar clothes and masks in a
very hot climate, some collapsed and gave up entirely and others felt numb or became so
involved in their work that they neglected to take precautions for their own safety in places
were the radiation was high.

3.4. The psychological effects on the medical team

The victims were transferred to the HGG, then on strike, where the director had
arranged for the evacuation of a ward to accommodate them. There, they were left for a time
unattended, either because of the hospital personnel's lack of preparation or due to fear on
their part. A physician from Furnas Centrais Eletricas, the electricity utility in Rio, who
initially dealt with these victims, stated that he had been very shocked by this abandonment
[2, 3]. Doctors from the CNEN and from Brazilian Nuclear Industries stayed on and at the
HGG and worked there for the next six months. These physicians were brought almost to
breaking point by the problems they encountered at the hospital. These were: the fears of the
nursing staff and consequent lack of assistance, the lack of response from the Goiania medical
community to the appeals made by the physicians and their own lack of practical experience

[1,2].
The health team at the HNMD stated they had sorely felt the need for a psychologist

(who would have counselled both the victims and the team itself) during the time the
radiation victims were being cared for there. This hospital was better equipped to receive the
victims and had the benefit of international co-operation, yet there was much stress among
the doctors as they were accustomed to practising nuclear medicine and not radiation
medicine [1].

4. THE FOLLOWING YEARS

While I was undertaking research on the psychological consequences of the accident, I
was transferred from the Department of Human Resources Management to work as a
psychologist in the Health Group Project of CNEN responsible for the study of the accident's
aftermath. In the ensuing years I followed up the emergency responders and accompanied the
Health Group physicians every time they flew to Goiania to check on the victims at the Leide
da Neves Foundation, some four or five times a year.

Some rescuers interviewed over the years remained affected and, to this today, have a
vivid recollection of their emotional involvement. Yet they have been able to cope well with
these memories.

In Goiania, I was able to notice first hand the intense fear experienced by the
neighbourhood residents who lived in the area of the accident. As we visited them, we
perceived health problems with interesting aspects, manifested also by some persons who had
never been near the source nor contaminated nor irradiated. These individuals were
presenting high blood pressure, cardiovascular symptoms, somatic and gastrointestinal
troubles, difficulty in concentration — they were pointing to radiation as the cause of their
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ailments. I asked the doctors if radiation could have been the cause of these disorders and
their answer was no. These symptoms were an imitation of radiation syndrome and might
have been a neurotic disorder such as hysteria, similar perhaps to the one presented in the
screening lines in the initial stages of the accident. But there were too many people with
similar symptoms to simply be classified as neurotics.

At that time I met Dr. Daniel Collins, from the United States Air Force, who had done
research in Three Mile Island on chronic stress. Together we conducted the same study in
Goiania. Studies in this field have shown that during situations of danger, the human body
prepares itself for confrontation: chemicals increase in volume in the nervous system, causing
rapid breathing, rapid pulse, palpitations, trembling, excessive sweating, vomiting, diarrhoea,
headaches and high blood pressure. People experiencing fear on an ongoing basis like the
ones we interviewed might have acquired the symptoms of chronic stress. This was
confirmed by the results of our research, published in the winter of 1993, which proved the
existence of chronic stress in Goiania [5].

In 1991, I was transferred to another CNEN department, the Health Service, and
stopped travelling to Goiania. I did not, however, stop studying aspects of nuclear or
radiological disasters and relief, nor writing on these topics.

5. CONCLUSIONS

The Goiania experience has taught us that it is vital to include the help of a group of
mental health teams during an accident, not only to give support to the victims in hospitals
and implement a net of psychological assistance to the population, but most importantly, to
help the disaster rescuers (the group of workers and hospital staff) bear the stress of their jobs.
This group of mental health specialists should be trained not to be afraid of radioactivity and
should consist of psychiatrists, psychologists and social workers as well as of hospital and
terminal patient psychologists [1],

It was also demonstrated that it is important to emotionally prepare the emergency
responders and hospital teams while they are being trained. Aside from the technical subjects
which are a normal part of the curriculum, notions such as the human behaviour patterns
during a catastrophe, the differences between radiological and nuclear accidents and how to
speak to the public in simple language should be taught to the rescuers. They should also
have a knowledge of what to do and how to react in the presence of human injury or death
[6].

It might be worthwhile to use pre-employment psychological and personality tests in
the selection of personnel for relief planning, as certain individuals are not suited for work
under stressful conditions [1,2].

REFERENCES

[1] CARVALHO, A.B., "The Psychological Impact of the Radiological Accident in
Goiania", Recovery Operations in the Event of a Nuclear Accident or Radiological
Emergency (Proc. IAEA Symp. Vienna, 1989), IAEA, Vienna (1990) 463^77.

[2] BRANDAO-MELLO, C.E., OLIVEIRA, A., CARVALHO, A.B., The Psychological
Effects of the Goiania Radiological Accident on the Hospitalized Victims, in The
Medical Basis for Radiation-Accident Preparedness III, The Psychological Perspective,
Elsevier, New York (1991) 121-129.

129



[3] CARVALHO, A.B., The Psychological Effects of the Goiania Radiological Accident
on the Emergency Responders, in The Medical Basis for Radiation-Accident
Preparedness III, The Psychological Perspective, Elsevier, New York (1991) 131-141.

[4] CARVALHO, A.B., DAMASCENO, E., "Reflections on psychosocial aspects of
nuclear energy within the framework of sustainable development, liability and damages
related thereto", Proc Int. Biennial Congr. "Nuclear Energy and Sustainable
Development - the Role of Law", Nuclear Inter Jura '93, Rio de Janeiro, Forense, Rio
de Janeiro (1993) 423-429.

[5] COLLINS, D.L., CARVALHO, A.B., The Goiania I37Cs radiation accident:
psychological, behavioral and neuroendocrine chronic stress indices, Behavioral
Medicine, 18 4 Winter (1993).

[6] CARVALHO, A.B. "A contribution for the training of responders in emergency
preparedness — psychological concerns", SGNA-007, in Symposium on Globalization
of Nuclear Activities, LANS, 15-18 June, 1997, Rio de Janeiro.

130



MONITORING THE GENETIC HEALTH OF
PERSONS IN GOIANIA ACCIDENTALLY XA9949009
EXPOSED TO IONIZING RADIATION
FROM CAESIUM-137

A.D. DA CRUZ*, B.W. GLICKMAN
Centre for Environmental Health,
Department of Biology,
University of Victoria,
Victoria, B.C.,
Canada

Abstract

MONITORING THE GENETIC HEALTH OF PERSONS IN GOIANIA ACCIDENTALLY
EXPOSED TO IONIZING RADIATION FROM CAESIUM-137.

This work describes the long term genetic monitoring of the Goiania population exposed to
ionizing radiation from 137Cs, using cytogenetic and molecular endpoints. Cytogenetically,
micronucleus frequencies differentiated groups exposed to different levels of radiation. Two
molecular methods were employed: 1) the hprt clonal assay, involving in vitro selection of
6-thioguanine-resistant hprt mutant clones which were characterized at the molecular level using
RT-PCR and genomic analysis. Ionizing radiation exposure initially elevated hprt mutation frequency
which gradually diminished, so that no significant increase was observed four and a half years after
original exposure. The spectrum of hprt mutations recovered from ten individuals exposed to relatively
high doses of radiation revealed a fourfold increase in the frequency of A:T —> G:C transitions. The
increase is consistent with the effects of ionizing radiation in prokaryotes and lower eukaryotes.
Additionally, a twofold increase in the frequency of deletions was observed which may reflect
radiation induced DNA strand breakage; 2) determination of microsatellite instability using
fluorescent PCR and genomic DNA from mononuclear cells. The frequency distributions of somatic
microsatellite alterations in exposed and non-exposed populations were not different. Our assay
lacked sensitivity to discriminate between spontaneous and induced microsatellite instability and
therefore, is not suitable for population monitoring. Finally, we estimated the risk associated with
radiation exposure for the exposed Goiania population. The estimated genetic risk of dominant
disorders in the first post-exposure generation was increased nearly twenty-fourfold. The risk of
carcinogenesis was increased by a factor of 1.5.

1. INTRODUCTION

"The great tragedy of Science - the slaying of a beautiful hypothesis by an ugly fact. "

T.H. Huxley

Environmental mutagens and carcinogens have been suspected as the cause of many
human diseases. To date, a number of short term approaches utilizing both eukaryote and
prokaryote models are used to identify potential mutagens and carcinogens as well as to
assess their impact on the environment. The results obtained in such studies are used to
eliminate such agents from the environment or to develop strategies to minimize inevitable
exposures.

Also at: Departamento de Ciencias Biologicas et Biom6dicas, Universidade Cat<51ica de Goias, Goiania, Brazil;
and Funda9ao Leide das Neves Ferreira, Goiania, Brazil.
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Over the last five decades, intensive study has been conducted to understand the
biological effects of exposure to ionizing radiation in humans at the molecular, cellular, and
organismic levels. Despite these efforts, little is known about the mechanisms responsible,
perhaps because of the complex nature of ionizing radiation and its complex interactions with
biological matter. Nevertheless, exposure to ionizing radiation has been established as a
hazard to human health by contributing to the mutational load and increasing the cancer
incidence in exposed populations. This knowledge has clearly caused widespread concern
about the biological effects of radiation exposure.

As biotechnological approaches have become available, they have allowed more
detailed studies and a better understanding of the biological effects of exposure to ionizing
radiation. In particular, it is now possible to determine the nature of mutations in an
individual at the DNA sequence level. Such technological investigation allows for a more
precise interpretation of the molecular events underlying radiation-induced mutations and
contributes to defining the mutational specificity of ionizing radiation.

On 13 September, 1987 in Goiania (Brazil), a chain of unfortunate events led to a
serious radiological accident that became known in the scientific community as simply the
"Goiania accident". During the two weeks following the accident, 249 people received
substantial exposure to ionizing radiation from B7Cs, resulting in four fatalities. Individual
dose estimates ranged from near zero up to 7 Gy. In addition, personnel taxed with the
subsequent patient care and cleanup were also exposed to low doses of ionizing radiation.
This unfortunate accident, however, has provided a unique opportunity to study the nature of
ionizing radiation-induced mutations in humans.

Moreover, the medical actions and radiation protection measures undertaken by the
emergency teams resulted in the definition of a well characterized exposed group which was
ideal for a follow-up study. The considerable efforts made to determine individual exposures,
the continuing cytogenetic follow-up, and the detailed monitoring of the clinical health of the
exposed individuals, maximize the potential value of our study.

The subjects had received a combination of external beam irradiation, skin contamination
and internal contamination. Several methods were used to estimate the dose received, including:
(1) internal dosimetry — bioassay and whole body monitoring; (2) cytogenetic dosimetry — the
estimation of doses by chromosomal aberrations analysis; (3) external dosimetry — dose
estimates from reconstruction and on the basis of radiation effects. The details on how dose
estimates were determined are contained in the IAEA report on the accident [1].

Biodosimetric results obtained one year after the accident, using the methods of somatic
'nulP mutation at the glycophoryn A locus and chromosome translocations detected by in situ
hybridization (these assays were not readily available at the time of the accident), are in general
agreement with the results obtained immediately after the accident using dicentric chromosome
aberrations [2].

The overall proposal of the follow-up study was the monitoring of the genetic health
of the individuals exposed to ionizing radiation during the Goiania accident. The study
involved the application of biotechnology to investigate the mutagenic effects of ionizing
radiation at both cytogenetic and molecular levels, as well as to determine the consequences
of radiation to the exposed and general populations by estimating the risk of carcinogenesis
and genetic harm associated with radiation exposure. The applied strategy involved the use of
methodologies and a combination of several techniques, such as the growth of T-lymphocytes
under selective and non-selective conditions, polymerase chain reaction (PCR), automated
DNA sequencing, and non-sequencing applications of an automated DNA sequencer, to name
just a few.
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The general objective of the long term study was to determine the DNA damage
caused by ionizing radiation, as well as to investigate the nature of mutation in the exposed
population in Goiania. The blood samples were collected at yearly intervals from both
exposed and control populations from Goiania, on a voluntary basis. The control group
consisted of unexposed individuals selected from unexposed neighbours, family members,
and workers of the Fundacao Leide das Neves Ferreira1. Although this accident provides a
rare opportunity to investigate in vivo the radiation-induced mutations in people, it lacks the
refinement of experimental studies conducted under the lens of previously designed
protocols. In addition, accidental exposures generally involve complex populations displaying
the normal human heterogeneity which impose some limitations. This is especially true
considering both the limited number of individuals available and the reduced availability of
samples. We must, therefore, emphasize that some of these limitations are unavoidable and
hence were present during the development of this study.

2. OVERALL DISCUSSION

Exposure to ionizing radiation is a fact as old as life itself. However, the perception of
the potential danger of radiation has become a common worry of the modern world. Human
beings and all other living creatures have constantly been exposed to natural sources of
radiation, including cosmic radiation and external and internal irradiation from radionuclides
within the organism. Moreover, the development of radiological and nuclear technologies has,
to some extent, contributed to human exposure due to these man-made sources. Over the past
century, few nuclear issues have commanded as much public and scientific attention as those
which relate to radiation. Public awareness of the risks associated with radiation has increased,
perhaps in response to the contribution from man-made radiation. Yet a gap still remains
between scientific documentation and public perception of exposure to radiation.

Prevention, detection, assessment, and risk estimation are important procedures to
evaluate the impact that occupational, accidental, therapeutic, or environmental radiation
exposures may impose on human health. A clear understanding of both biological and physical
consequences of such exposure provides the bases for critical decisions concerning both the
handling of radioactive material and the development of monitoring and follow-up approaches.
The first line of defence is prevention, including both occupational and accidental exposures.
Prevention could be readily achieved by using physical methods to monitor involved personnel
and by reinforcing the safety guidelines and the laws relating to the management of radioactive
material.

Scientific knowledge relating to radiation effects is continuously expanding and
advances in modern biology should make it possible to determine the sensitivity to ionizing
radiation of an individual person. This would contribute to minimizing individual exposure to
medical radiation, identifying those individuals who require increased clinical surveillance for
cancer, and finally determining whether radiation is indeed the cause of some cancers and some
genetic disorder.

Harm to the environment and ultimately to humans caused by radiation is almost
entirely associated with nuclear accidents or the use of nuclear weapons. Such unfortunate
conditions provide unique opportunities to investigate the potential biological effects of
radiation exposure on human health. The nuclear weapons legacy comprises the dropping of
two atomic bombs in August 1945 on Hiroshima and Nagasaki. Approximately 600 000
inhabitants of these two cities were affected by this terrible historical episode. Of that number

A foundation established by the state of Goias to assist the victims of the accident.
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only about 100 000 individuals survived. The Hiroshima and Nagasaki residents comprise the
largest group of individuals who have been followed medically for over 40 years. The list of
nuclear accidents has been increasing. Two major accidents worldwide were the Chernobyl
accident in April 1986, the largest nuclear accident in the Eastern world, and the Goiania
radiological accident in September 1987, the largest in the Western world. Both events were
characterized by communication gaps between the population, political decision-makers, the
media, and medical experts.

The Goiania radiological accident provided us the opportunity to understand some of the
biological effects of exposure to ionizing radiation imposed on a population. The people
exposed have expressed great concern for their future health, including particular anxiety
regarding the potential for the genetic harm to their offspring and their own risk of cancer
development. From 1990 until the present, we have been monitoring the genetic health of some
of the individuals exposed to ionizing radiation in the Goiania accident, with doses ranging
from 0.1 to 7 Gy. Our approach was first to investigate and determine possible exposure by
using the micronucleus assay as the cytogenetic endpoint. Secondly, we carried out studies at
the molecular level, using the hprt gene as the molecular endpoint. We conducted a longitudinal
study to determine both the level and the fate of hprt mutation frequency in T-lymphocytes of
individuals exposed to high doses of 137Cs as well as the nature of mutations induced in that
population. We then performed a comparative study with the spontaneous spectrum of
mutations at the hprt gene, as well as compared our spectrum of mutations with both the
Goiania low dose group spectrum and the A-bomb survivor spectrum. Again, at the molecular
level we investigated the possible effect of ionizing radiation on the induction of microsatellite
alterations using MNCs from exposed and non-exposed individuals. Finally, we used both the
micronucleus and the hprt data to estimate the genetic harm and the risk of carcinogenesis in the
Goiania population.

Using the micronucleus assay we performed an investigative study on a random sample
of 276 individuals. Even one year after exposure, we demonstrated that the assay had strong
predictive utility for high dose exposures, as long as comparison with control individuals is
used. Unfortunately, the micronucleus assay cannot detect low levels (< 0.2 Gy) of ionizing
radiation. Additionally, prediction of individual dosage (true dosimetry) is not possible. We
conclude, however, that the micronucleus assay is a useful biological dosimeter for human
populations even if blood samples are taken a year after exposure to ionizing radiation. While
the human lymphocyte micronucleus assay cannot replace detailed chromosomal analysis for
precise estimations of radiation doses, it can be used as a quick predictive model of exposure for
screening purposes.

When we performed the longitudinal study on the ten individuals exposed to high levels
of ionizing radiation with doses ranging from 1 to 7 Gy, two major findings were revealed: 1)
the hprt mutant frequency was higher in those exposed to high doses of 137Cs ionizing radiation
during the Goiania radiological accident than in the control group obtained from the same
population; 2) the hprt mutant frequency of the exposed individuals decreased gradually over
time, showing that the hprt T-cell assay is not suitable for the study of long term past exposure
because of its poor long term memory. Four and one-half years after exposure, the mutant
frequencies of the exposed group were indistinguishable from the background frequencies of the
Brazilian control group and mutant frequencies reported by others [3,4]. In addition, we found
an age related increase in mutant frequency of 3.3% per year which is consistent with a 3% per
year increase in the hprt mutant frequencies in T-cells of five control populations [3]. We also
estimated a 2.1-year half life for those T-cells having hprt mutations, which is directly
responsible for the decrease in mutant frequency with time, following exposure. This study
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demonstrated that the hprt assay has low sensitivity and, therefore, is of limited value for long
term monitoring.

In order to establish possible differences between our spectral sample comprised of
mutants obtained from 10 individuals exposed to high doses of ionizing radiation, we used the
hypergeometric test in 2-by-6 tables. We compared our HD-1991 spectrum of hprt mutations
based on cDNA changes with the AB spectrum, LD-1990, and lastly with the SS spectral
sample, and found no significant difference (p > 0.05). However, Chi-square analysis,
comparing our HD-1991 spectrum and the SS, revealed that there was a potential difference
between these two groups centered on base substitutions. A significant increase (close to
fourfold) in the frequency of A:T -> G:C mutations was found in the exposed group.
Peculiarly, A:T -> G:C transitions at position 278 (5/57) were recovered in five of the
exposed individuals. This particular transition has not yet been reported in any of the
spontaneous hprt data sets and may even be representative of past exposure to ionizing
radiation. It is noteworthy that A:T sites seem to be favoured over G:C pairs as targets in our
study population, a trend which was shown to be statistically significant. Damaged A:T base
pairs in our HD-1991 comprised some 80% (18/23) of base substitutions, as opposed to 35%
(34/98) among the spontaneous mutants. This increase in the frequency of A:T —>• G:C
transition in our exposed population may reflect mutation due to a particular
radiation-induced lesion, most likely due to mispairing of radiation-induced thymine glycol
with a guanine. This finding is consistent with experiments in bacteria [5-8], bacteriophage
[8, 9], and lower eukaryotes [10], where detailed molecular analysis had been undertaken.
Moreover, it has been reported that A:T base pairs are more susceptible to radiation and
oxidation-induced mutagenic damage than G:C pairs in a test strain (TA102) of Salmonella
[6]. A similar sensitivity for A:T sites has been reported for ionizing radiation in E. coli [7].
These observations are consistent with the shift from G:C -> A:T sites reported here.

In our study, 30% (27/90) of the deletions shared the common feature of not being
readily explained by slippage events which may reflect the direct effects of ionizing
radiation-induced DNA strand breakage. This class of deletion was represented in our spectral
sample at a frequency close to twofold greater than the frequency observed in the
spontaneous database.

We further investigated the potential induction of microsatellite instability by
exposure to ionizing radiation. We quantified the frequency of new alleles arising somatically
in mononuclear cells of peripheral blood. Using fluorescent PCR and the ALF DNA
sequencer (Pharmacia), combined with the ALF2SMA® analysis, we demonstrated 5.3% and
4.5% of microsatellite alterations in non-exposed and exposed individuals, respectively. Our
findings suggest that mismatch repair deficiency (or poor proficiency) is compatible with cell
development. Our current approach lacked the sensitivity to discriminate between
spontaneous and induced microsatellite instability and it is, therefore, not suitable for
monitoring. Nonetheless, our findings opened a window for the potential use of somatic
microsatellite instability arising in a normal population. This could become an effective tool
in identifying individuals with somatic mutations in DNA repair genes, as well as in
identifying clonal microsatellite alterations in body fluid which have important implications
in cancer detection and diagnosis.

Finally, we examined the possible genetic risk imposed by radiation exposure in the
Goiania population. We examined both the genetic harm and the risk of carcinogenesis for
that discrete population. We attempted to use our experimental data on micronucleus and hprt
mutant frequency to obtain some sense of the risk involved in human exposures. While this
has provided a useful lesson, our small population size makes the interpretation of the results
difficult. Interpretation is further complicated by the nature of the assumptions and the
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limited data upon which estimates are made. Nevertheless, our estimates can be considered a
reasonable indicator of the level of genetic damage for that population. We obtained risk
estimates of a close to twenty-fourfold increase in dominant disorders in the first post-exposure
generation of the directly exposed population. No detectable increase was found in the
population at large. The risk of carcinogenesis in the directly exposed population was found to
be increased by a factor in the range of 1.4 to 1.5. The added risk of carcinogenesis may be
genuine and it is consistent with the number of individuals in the exposed population who had
developed cancer by 1995. However, as it is rarely possible to categorically attribute a specific
cancer to ionizing radiation, we can only conclude that it appears that the probability of
carcinogenesis is indeed higher in the exposed population.

Keeping in mind that risk estimation encompasses complex calculations and is based
upon a number of uncertainties and assumptions, we support Sobels' observations that human
somatic mutation can be used as a good indicator of ionizing radiation in humans [11, 12].
Therefore, extrapolations to the gametic level would be possible if the relationship between
somatic and gametic mutations in mouse and humans were better understood. This would
require the assumption that mice and humans are affected the same way, which at this time,
however, we cannot state unequivocally.

We attained the long term objective of this project for which we applied and
developed methodologies for the purpose of monitoring a selected subset of individuals who,
unfortunately, were exposed to ionizing radiation. Throughout the course of this work, the
patient population remained accessible and co-operative, contributing to helping future
generations. They also silently and patiently hoped that we would bring some good news that
would minimize their suffering and anxiety about the future and would reduce the burden of
being victims. Perhaps we do bring good news at last. The general conclusions were that we
reported a decrease in mutant frequencies, a small risk of carcinogenesis, and an almost
irrelevant risk for the next generation. The conclusions are all strongly supported by rigorous
scientific work and literature. The results may even bring some degree of well-being back to
the exposed population of Goiania, especially since no health consequences have yet been
directly linked to radiation exposure. Post accident traumatic stress and recurrences of
primary radio-lesions have been the major causes of concern for the severely exposed
individuals. Our conclusions should mostly reiterate the need for the continuation of long
term follow-up protocols and clinical surveillance, with increased epidemiological support.
Moreover, it should be emphasized that clinical follow-up and monitoring studies must be
performed completely independently of socio-political programmes.
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Abstract

PECULIARITIES OF THE CLINICAL COURSE OF RADIATION SICKNESS AND
ORGANIZATIONAL DECISIONS FOR RADIATION ACCIDENTS WITH BETA-GAMMA
SOURCES.

The analysis of a number of recent large scale accidents involving beta-gamma sources in
the last 40 years, such as those of the Marshall Islands (1954); Windscale, UK (1957); Chernobyl,
USSR (1986) and Goiinia, Brazil (1987) demonstrates the predominance and importance of health
and social impacts.

1. THE MARSHALL ISLANDS ACCIDENT

This event occurred during a nuclear test in the Marshall Islands in 1954 where
moderate radiation damage to the whole body, associated with local radiation injuries, were
followed by long term development of thyroid cancer. The social repercussions of such an
event were enormous. The understanding of the consequences of beta-gamma exposure in
humans is the result of more than 40 years of observation of persons who presented
after-effects as a consequence of a nuclear explosion in the Bikini Atoll. For the purposes of
the study, the dose ranges in the major cohorts of 1250 inhabitants of the Marshall Islands, 23
Japanese fishermen and 28 American military personnel observed were adjusted by age and
ethnic group. The main health effects were the following:

— despite the relatively low accuracy of the estimated doses derived from the external
beta-gamma exposure and internal dose assessments for radioiodine isotopes, the
dose-dependence on the health effects became clear, both for early reactions
(haemopoiesis condition, skin status and signs of thyroid hypofunction) and late
consequences (thyroid adenoma and tumours, single cases of kinds of tumours and
one case of leukaemia);

— the occurrence of mild signs, including subclinical shifts and clinical manifestations,
was very thoroughly analysed from different standpoints and a clear dose-dependence
was revealed, as well as an age-dependence of these findings for thyroid effects
(revealing that thyroid hypofunction and nodules were regularly increased in the dose
range of 15 Gy). Altogether 586 persons had atypical adenomas and the incidence of
cancer was found in only 6.2-6.6% of the inhabitants who had received high doses of
external radiation (1.72 Gy) and thyroid doses of 3.85-29 Gy. In the control group
and in the inhabitants of the atoll with minimum thyroid doses of 0.5-4.5 Gy and
whole body doses of 0.14-0.7Gy the cancer incidence was of 1-2% (after 30 years of
observation).
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Based on the information of the Marshall Islands accident, judgements were made
with regard to the peculiarities of thyroid tumour pathogenesis for different dose ranges
which proved essential for the analysis of the Chernobyl accident. The ratio between the
sexes was similar, both for the control and exposed populations, as well as for the specific
ages when different endocrine changes and diseases were revealed.

Information on the fishermen of the "Lucky Dragon" is provided by Kumatori et al.
The number of persons exposed reached 23. The length of exposure amounted to five hours
(direct fallout exposure) in the course of several days. Patients were admitted to the hospital
two weeks after exposure. One fatality was registered six months after exposure. The primary
radiation factor was the prolonged external gamma exposure (at a dose rate of 1.2—2.5 Gy/day
and an accumulated total dose estimated at 5 Gy) from radioactive aerosol fallout. The
principal clinical manifestations during the acute period were typical for the individual dose
ranges and included radiation dermatitis, moderate and transient neutropaenia at four to eight
weeks after exposure with recovery to baseline standard, moderate anaemia and oligospermia
in some cases (between two and eight months) with complete recovery two years after the
event.

Specific peculiarities related to the characteristics of irradiation were transient liver
hypofunction at week 4, with more steady recovery in all patients but one, who died of
hepatic insufficiency at week 20. The aetiology of hepatitis was not purely of radiation origin.
Other factors included syphilis and active treatment with hepatotoxic drugs.

Early findings of eye changes were not related to radiation.
Dicentric aberrations of chromosomes were verified in seven persons and other

chromosome anomalies were found in all victims. Eighteen patients were followed up for a
period of ten years and observations were fragmented. The majority of the victims were in
their early thirties at the moment of exposure (one person was 38) and 22 persons had been
married at different times (seven persons prior to the accident and the others thereafter). They
had had 15 children before the accident and another 29 in the following years. Two couples
did not register their children in the first ten years of observation.

The following lessons can be drawn from the Marshall Islands experience:

— the typical ratio of major radiation exposure factors was confirmed;
— the full recovery of the main clinical syndrome of acute radiation sickness matched

well with the individual dose ranges and the gamma dose rate;
— the predominant late effects were nodulation and thyroid tumour induction;
— the relatively low exposure to beta irradiation and its limited corporal distribution did

not induce significant clinical problems both in the acute and long term periods;
— social and political problems accompanied all stages of the accident and required

specific organizational and economic decisions on the part of the United States
administration.

2. THE WINDSCALE ACCIDENT

The Windscale accident occurred in October 1957 at the reactor No. 1 of the
Windscale complex, located on the northwest coast of England. The reactor was an of an air-
cooled graphite moderated type using natural uranium, destined to produce plutonium. Due to
a buildup of excess energy undetected by the alarm system, the combustion of graphite
occurred on October 8, and continued until October 12, causing the destruction of a
substantial portion of the core reactor. The release of radionuclides was evaluated as follows:
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20 kCi of 131I, 600 Ci of U7Cs, 80 Ci of 89Sr and 9 Ci of 90Sr\ The highest dose rate measured
one mile downwind was 4 mR/h2. The external gamma dose assessed for a person who
remained outdoors one week after the accident was in the range of 30—50 mrem3. The
maximum thyroid dose in children was estimated to be 16 cGy and the maximum adult dose
was assessed to be 9.5 cGy. No death or early morbidity was directly attributed to the
accident.

The Windscale accident was the first ever large scale accident with beta-gamma
emitters demonstrating the possibility of the involvement of large groups of population in an
accident, even though the medical consequences of the accident were of no clinical
importance and below the epidemiology detection limit. This accident was the first large scale
accident with beta-gamma sources in the atomic industry. Windscale has been the object of
study by the national and international scientific community over the past 40 years. The
retrospective analysis has confirmed the following conclusions:

— the beta-gamma radiation doses were far below the threshold for mild early health
effects;

— the efficiency of sanitary and technical protective measures substantially decreased
the exposure derived from radioiodines; this precluded the occurrence of late effects
in the thyroid;

— appropriate information to the public prevented unfavourable sociopsychological
consequences in the region surrounding the site of the accident.

3. THE ACCIDENT IN GOIANIA

Owing to the dismantling in September 1987 of the shielding of a radiotherapy source
in Goiania (Brazil), some seven large pieces and more than 50 smaller fragments of the
source were disassembled or sectioned. The total activity of the source was evaluated to be
50.9 TBq. Contamination of a large area required the evacuation of some 200 persons from
40 houses (with dose rates o f - 10p.Sv/h). After decontamination of some of the houses (30
altogether), the residents returned to live in them. The monitoring of the environment was
accompanied by a radiological survey of persons suspected of having entered into close
contact with the radioactive material (more than 250 individuals). Twenty patients were
admitted to hospital, where medical teams detected clinical signs of acute radiation sickness
(ARS) and local radiation injuries in 17 of them. Eight patients showed a significant degree
of severity of radiation damage (leading to four deaths), three patients presented moderate
severity and nine were diagnosed with mild severity. Whole body gamma exposure doses did
not exceed 6 Gy according to clinical and laboratory data, a level which did not warrant bone
marrow transplantation. Towards the end of the fourth week after the accident, a young child
died with expressive radiation aplasia; another three exposed persons died between days 32
and 38. These casualties were caused by severe infection complications. Local radiation
injuries were observed in the most exposed patients, affecting 20-25% of the surface of their
body; in certain cases, these injuries required specific conservative therapy and surgery [4—
10]. The following factors played a key role in the Goiania accident:

— organizational tasks in the aftermath of the accident became further complicated
because of the involvement of a large number of non-prepared members of the public;

1 1 Ci = 37 GBq
2 l R = 258nC/kg
3 100rem=lSv
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this had an impact on the early medical assistance and the establishment of a
diagnosis for the injured;

— experts encountered significant difficulties in the evaluation of the temporal-spatial
dose distribution of external gamma exposure to individuals; this added uncertainty to
the establishment of the prognosis and the interpretation of clinical manifestations in
the victims;

— external gamma exposure was the primary cause of the radiation effects and led to a
combination of whole body exposure with severe local injuries — a mix which caused
four fatal casualties;

— the magnitude of the local radiation injuries was determined by the high energy of the
gamma exposure from caesium.

The following conclusions can be drawn from the Goiania accident:

— the frequency and character of radiation injuries were typical;
— the measures taken immediately after the accident — evaluation of contamination,

decontamination and hygienic countermeasures — were adequate and effective;
— of the four fatal casualties, three were the result of significant deficiencies in medical

management and prophylactic measures (poor aseptic environment, multiple
evacuation of patients, inadequate antibacterial therapy, lack of experience of the
medical staff);

— the effectiveness of the administration of granulocyte-macrophage colony-stimulating
factor beginning in the fourth week of medical therapy could not be demonstrated
owing to the spontaneous recovery of haemopoiesis and corresponding influence on
the complications of radiation myelodepression;

— international co-operation during the different phases of the response efforts and the
information provided was comprehensive;

— a number of significant publications about the accident were published in the United
States, the former USSR, France as well as by international bodies (such as the IAEA)
on the dynamics of 137Cs in wound scars and the body, the skin condition and general
status of acute radiation sickness survivors.

4. THE CHERNOBYL ACCIDENT

The combination of clinical signs varied for the different groups of individuals
involved in the accident of April 26, 1986 at the Chernobyl nuclear power plant in the former
USSR. These groups are categorized as follows:

Group (A): the direct participants in the accident — personnel working during
the shift when the accident took place, during the first shift following the accident and
the members of the fire rescue team;

Group (B): the members of the team sent to determine the reasons for the
accident and those involved in the first stages of the accident remediation;

Group (C): persons involved in specific accident remediation tasks and those
employed for the start-up of Units I, II and III (July 1986-1987), as well as the
personnel involved in the control of the damaged core of Unit IV (1987—1995);

Group (D): employees involved in the recovery operations within the 30-km
exclusion zone and at the NPP site (1988-1990);

Group (E): population of the 30-km exclusion zone, who were evacuated on
27 April and in May 1986;
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Group (F): population living continuously in the zones covered by the five
principal administrative regions of Ukraine, Belarus and Russia (between 250 000 and
300 000 individuals);

Group (G): population of the other regions of the former Soviet Union,
including the controlled areas of the three republics (nearly 2 million people).

The direct effects of radiation consist primarily of the following:

— One hundred and thirty-four cases of acute radiation disease (ARD) were identified in
Group (A). The main radiation factors in this group consisted in external beta-gamma
exposure and, in some cases, in radionuclide deposition on skin and through
inhalation. The dose range was equal to 0.1-13 Gy. Beta radiation doses were 10-20
times higher, with non-uniform distribution on body surface. The number of people
surveyed for thyroid exposure was 237. Thyroid doses were less than 4 Gy for 94% of
Group (A) members. Five persons received more than 4 Gy and two individuals
received 11-13 Gy in the thyroid. Clinical findings when the disease was manifest
were typical of acute radiation syndrome with different degrees of severity, caused by
homogeneous gamma exposure.

— Twenty-eight patients died as a result of the combined external beta-gamma exposure.
— Radiation cataracts developed in eight cases (average outbreak period: 38 months for

doses higher than 5 Gy).
— Dystrophic changes to the skin were observed in 10 persons.
— Moderate unstable cytopaenia was determined.
— Other consequences (asthenia, neurovegetative dysfunctions) were clearly caused by

the long term sociopsychological situation in the aftermath of the accident and by
deficiencies in compensation legislation.

Peculiarities in the manifestations in Group (A) during the acute period include:

— the development of a bone marrow syndrome picture compatible with a homogenous
exposure;

— the multi-organ character of the disease, which combined damage to bone marrow,
skin, intestine and lungs;

— the high level of social and psychological resonance of all events for the victims,
related to massive damage and the specific social and psychological situation
worldwide at that time;

— increased recovery period before returning to work and incompleteness of social
rehabilitation due to deficiencies in compensation legislation; social and
psychological orientation of patients themselves; insufficient competence of medical
and social authorities responsible for the patients — these three factors often
interacting together.

On the basis of the late radiation consequence prognosis, Group (B) needed to be
classified as the category with potentially increased risk. This conclusion was further
supported by the fact that Group (B) had been exposed to the greatest share of the cumulative
collective dose. Moreover, it was also supported by similar findings on the incidence of
neoplasm and leukaemia for specific dose range groups (>0.25-0.5 Gy and 1 Gy), obtained
through studies of atomic bomb survivors by the Radiation Effects Research Foundation in
Japan.
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Group (C) was not well categorized, considering all the criteria. We believe that this
Group was not properly surveyed. Conventional periodical blood counts can miss a short
term decrease of indices, when an extremely inhomogeneous dose distribution over time is
present. This leads to a miscorrelation between the relatively high exposure doses assessed
biologically (through chromosome aberrations), the physical doses values (obtained on ESR
tooth enamel) and the absence of visual clinical signs.

Group (D) can be considered a control group for the radiation factor (dose levels were
less than 0.05 Gy for long periods of work related to remediation of the accident
consequences). The influence of social and psychological factors on health was most obvious
in this Group. A number of recent publications have shed light on this fact, which was
highlighted during an international conference held in Kiev in 1995 on the
sociopsychological consequences of the Chernobyl accident. The presentations made during
this meeting were crucial for the development of rehabilitation measures for 'liquidators'.

Group (E) can be clearly differentiated owing to the evacuation (from Pripyat,
Chernobyl and the 30-km zone) and the system of preventive countermeasures adopted. The
exposure doses in this Group were less than 0.13 Gy and between 0.3 to 1.0 Gy.

The occurrence of higher thyroid doses was particularly specific to the first subgroup.
The maximum traumatic influence of acute stress factors caused by the emergency evacuation
and the real difficulties of adaptation to the new environment were obvious. This was also
true for the people resettled later out of the 30-km zone (days 7-10 following the event). In
the second subgroup, the slightly higher exposure risk can be linked to the development of
tumours and pathologies such as adenomas, dysfunctions and cancer in the long term.

According to the 1990 Recommendations of the ICRP, populations of contaminated
areas were to be subdivided into relatively small subgroups (272 000 people or so). These
populations would possibly receive a slight excess of radiation during their lifetime
(accumulated dose above 0.35 Sv), if all their members (close to 2 million people) continued
to live in the contaminated territories.

The incomplete implementation of the initial suggestions of the ICRP, intensive
migration and the consequent enlargement of areas designated as 'accident regions' render
extremely complex the interpretation of health data on the population of some regions and
settlements.

Small population samples are very representative for determining living standards and
exposure conditions, but they are insufficient to draw conclusions on health deviations.
Additionally, these samples are frequently specific to sociodemographic situations. Large
regions (oblast, province, economical region) are more representative in terms of
demographic data and health status prior to the accident, but are inhomogeneous for the
determination of exposure levels and to survey that part of the population which was clearly
affected by all the accident factors; in this sense, large regions are difficult to intercompare.

At the present time, only preliminary conclusions on the main health trends are
possible. For unusual events (strong increase of thyroid cancer in children, growth of severe
forms of chronic diseases or leukaemia), the establishment of an accurate radiation
epidemiology survey is necessary. To establish the role of the radiation factor, direct case
control and case cohort studies with an accurate selection of comparison groups are essential.
Multifactorial analysis of polyaetiological factors can only cause an erroneous appreciation of
the importance of radiation in shifts observed in health, as evidenced by the majority of
publications on this topic.

We believe that the insufficiently competent attempts of some highly qualified general
pathology internists and psychiatrists, who have based their conclusions concerning "the
peculiarities of the course of diseases in individuals involved in the Chernobyl accident" on
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small in-patient group samples, are very dangerous when they are not supported by control
groups or when the control is inadequate to compare data for small samples.

More than a decade after this event, the health status of the people involved in the
Chernobyl accident can be summarized as follows:

— because of the extraordinary accident of 26 April 1986, several hundreds of
individuals on the site of the nuclear power plant at the time of the accident were
acutely and subacutely exposed to external beta-gamma irradiation to the whole body;

— one hundred and thirty-four cases of ARD were identified among these victims, a
significant number of whom suffered severe injuries and even death (28 fatal
casualties);

— therapeutic results were achieved in the dose range of up to 6 Gy with the aid of
modern treatment techniques including supportive and transfusion therapies.
Transplantation of allogenic bone marrow did not influence the course of the disease:
this can be explained essentially by the compounded character of polyorganic damage
in combination with beta radiation injury to the skin;

— residual health effects included skin damage as well as cataracts in some patients;
later deaths were not directly related to ARD; the mortality parameters observed were
usual for persons of a similar age and sex;

— somatic diseases (chronic processes) existing prior to the accident aggravated the
course of ARD.

The Chernobyl accident has been extensively analysed by the international scientific
community in the past 10 years. The main conclusions of this analysis are as follows:

— the experience gained in the medical assistance of victims of previous accidents with
beta-gamma sources, including accidents which happened in other areas of the world,
was important for the care of the Chernobyl victims;

— the data gained on the acute period of a large group of victims (134 patients) and on
the victims who died are comprehensive;

— an extraordinary number of people were involved in the event and its aftermath
(nuclear professionals, recovery workers and a large number of members of public);

— the accident had an enormous sociopsychological resonance, which widely exceeded
the scale of the radiation health effects themselves;

— modern systems of medical diagnosis and treatment were highly effective and a good
foundation was at hand for prognosis of the incidence of late effects;

— significant deficiencies were observed in the provision of information to the public
and organizational decisions were unduly complicated, a situation which was further
aggravated by the specific social situation which prevailed in the country at the time
of the accident;

— international co-operation was very important in the evaluation of the consequences of
the accident.

5. GENERAL CONCLUSIONS

Accidents with beta-gamma sources are usually of a large scale and involve large
groups of population and/or personnel without the knowledge necessary to handle radiation
sources.
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Of this large number of people (which can include children), only a relatively small
part may have received really significant doses: these persons must be quickly sorted out so
that they can receive medical and prophylactic attention.

If radiation monitoring is organized properly and timely, evaluation of internal
exposure doses will be available. Assessment of external gamma doses, usually obtained by
calculation, is more complex, even though they are the primary tool for the development of
early deterministic effects. These effects vary from subclinical changes up to rare, but
possibly lethal, outcomes.

Provisional readiness of medical facilities and the level of specific qualification of
medical staff are determinant for the fate of accident victims receiving doses in the range of
average lethality.

Local radiation injuries caused by both the deposition of radionuclides on skin and
mucosa, by direct contact with the radiation source, and also by distant beta—gamma exposure
are an additionally important clinical problem. Measures for skin protection and adequate
decontamination, care and wound management determine the outcome of local radiation
injury and combined trauma.

Excepting external and internal exposure from radioiodine, the importance of internal
exposure is not significant. Internal exposure did not contribute to the clinical picture of the
persons involved in the accident. The inhalation of beta-gamma emitters is of lower
importance than the ingestion of radionuclides in drinking water and food. Simple
countermeasures for limitation of this intake pathway and the timely administration of stable
iodine are of great effectiveness in such cases, and an appropriate administration policy has to
be established to this effect.

The following observations can be made concerning beta-gamma exposure:

— external beta-gamma exposure is the primary contributor to clinical effects, moreover,
individual dose reconstruction of this component is very difficult;

— internal dose evaluation is possible using major radionuclides of interest (iodine,
caesium, ruthenium);

— the specific presence of beta dermatitis a very important component of radiation
health effects;

— a significant disproportion exists between the number of people involved in an
accident (of the order of 1000 to 10 000 persons), those exposed to doses above the
threshold for early effects (of the order often to 100 persons) and those with early
lethal injuries from radiation exposure (of the order of one to ten persons);

— individual doses can be an accumulation of external beta-gamma doses with multiple
types of spatial and temporal distribution which cause peculiarities in early clinical
manifestations;

— specific late radiation effects are predominantly in the form of beta dermatitis and
damage to the thyroid, with radioiodine exposure to be expected in the case of damage
to this organ.
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Abstract

MEDICAL MANAGEMENT OF ACCIDENTALLY EXPOSED INDIVIDUALS.
Bone marrow aplasia is one of the main syndromes following a high dose accidental

radiation exposure. Whilst transfusion and bone marrow transplantation have been used with some
success starting with the first treatments of accident victims, other therapeutic strategies are needed.
With the development of experimental and clinical haematology, promising new approaches to the
treatment of aplasia have appeared. New trends for the treatment of haemopoietic injury based on
bone marrow transplantation rely on new sources of compatible donor cells, such as cord blood, on
the selection of immature haemopoietic cells and on new transplant regimens. Haemopoietic growth
factors stimulate the proliferation and/or differentiation of haemopoietic progenitors and, possibly,
stem cells. Furthermore, they act on the functions of mature cells. Currently, they have specific uses
in haematology related to their role in the regulation of growth and in the differentiation of
haemopoietic progenitor cells. Growth factors have already been used for the treatment of accidental
radiation induced aplasia and lessons have been learned from their medical management and follow-
up.

1. INTRODUCTION

Owing to fundamental differences in their management, a clear distinction must be
drawn between two particular categories of radiological accidents:
(i) accidents which result in a few victims; the medical response will be comparable to that

for any medical casualty and will adhere to the current rules of medical ethics where the
participants in the medical management are limited to the victim and the responsible
physician. Most of such accidents have been related to industrial and medical sources of
radiation, each of them involving only one or a limited number of individuals,

(ii) Accidents which involve large groups of people, either workers or individuals of the
general population. The management of such cases is performed according to the same
principles as those which prevail in any major catastrophic event. This category requires
medical triage, distinguishing overexposed individuals presenting other types of injuries
from individuals likely to have received doses below the thresholds for deterministic
effects. Events of this kind are exemplified by the Chernobyl and Goiania accidents.

The radiation source at the root of the accident may have been external or internal, or
both, in relation to the body. Accidental exposures involving internal contamination of
medically significant importance are rare — the Goiania accident is the most tragic example
of this kind. When external and internal exposures are associated, the latter may complicate
the bone marrow depression and compromise its recovery, as the internal exposure, even
though it may have been received at relatively low dose rates, may be prolonged and result in
continuous injury to haemopoietic tissues.
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Since the discovery of penetrating ionizing radiation, namely X rays by Roentgen in
1895 and gamma rays by Becquerel in 1896, some accidents have occurred, a few of which
resulted in whole body irradiation. A few tens of the victims died because of the acute
radiation syndrome they developed: severe aplasia associated with its classical complications.
The intercomparison of instances of severe whole body irradiation is often difficult, owing
inter alia to (i) the lack or insufficiency of information (surrounding for instance historical
accidents, especially in countries where political considerations prevented them from coming
to light), (ii) the significant improvement in the medical management of prolonged aplasia
and especially (iii) difficulties in assessing the homogeneity of bone marrow exposure.

2. THE CURRENT SITUATION

In the dose range where survival is possible with intensive medical care, the critical
tissue on which prognosis first depends is the bone marrow. That notwithstanding, lethality
after higher doses reflects the failure of particular organs which, in relation to the underlying
cell kinetics, eventually fail within different time periods. Because of the rapid renewal of
many important types of blood cells, bone marrow offers the best conditions for the study of
radiation injury to the organs. Consequently, it is the focus of the greatest medical concern, at
least during the first weeks of the acute manifestations of radiation induced illness. It can be
concluded that radiation lethality is primarily and in principle a consequence of disturbed
cellular kinetics in the renewal system which is critical for survival [1].

Consequently, the doses received by the bone marrow constitute a relevant index of
severity, provided the exposure affects the whole body and is not significantly non-uniform.
For accidental exposures, the physician will rely on the doses for planning purposes, as well
as for a guidance concerning the need for supportive or aggressive treatment. It has been
concluded that the LD50/60 (lethal dose) for acute radiation is likely to be around 3 Gy to the
marrow, if the patient receives no or little medical care [2, 3].

From a medical point of view, especially when referring to therapy, it would be
completely unrealistic to consider bone marrow depression as an isolated syndrome. Because
of their widely differing specialized functions and cell renewal capacities, all other organs
and tissues, such as gut and central nervous system, will produce complex but definable time
and dose dependent overlapping patterns of clinical symptoms. Whole body irradiation will
therefore include a sequence of combined interacting effects which will complicate medical
management [4]. Depending upon the organs and tissues concerned, the time pattern for each
clinical and/or biological manifestation will differ. Some of these manifestations may appear
late after the exposure and may last for extended periods of time — they include effects on
the lungs, liver, kidneys and endocrine systems, for example. All these effects may well be
life-threatening. As for the more urgent medical management, it is possible to classify the
early combined effects by taking into account the cell kinetics of the organ or tissue and their
sensitivity to radiation, i.e. with reference to both overall exposure time and dose.

3. CONVENTIONAL MEDICAL MANAGEMENT

Assessment of severity

The quantitative evaluation of exposure and of its main parameters as outlined above
rests mainly on physical and biological dosimetry. It should be stressed that most of the
methods used for dose assessment need a minimum assay of time, depending upon the
techniques. For instance, the full-size reconstruction of the accident requires many technical
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and human resources and the time needed for chromosome aberration scoring cannot be
reduced to below three days when using current methodology. This implies that, at the early
stage, the dose will be assessed on clinical findings and simple blood cells counts. In fact,
these delays in obtaining important data will not hinder the medical management of the
victim, since the duration of the latent period allows some flexibility in decision making.
Nonetheless, all necessary dosimetric explorations should be considered and initiated as soon
as the severity of the exposure is suspected.

Physical dosimetry

Under ideal circumstances, the overexposed victim would have been wearing a
dosimeter at the time of the accident. This is rarely the case in accidental situations,
especially when members of the public are irradiated following the loss of a source, for
instance. Either way, more information is needed than the measurement of a dose received at
a particular point of the body. The reconstruction of the accident, whether carried out by
experimentation or by calculation, enables a realistic evaluation of the dose distribution
within the body. An experimental reconstruction at the accident site or simulated conditions
of the accident can be carried out with the help of phantoms made of a tissue-equivalent
material for the various types of radiation [5, 6]. When this is not possible, reconstruction by
calculation can be performed, even though the results obtained by calculation are generally
not as reliable as those obtained by a realistic reconstruction.

Biological dosimetry

Dose-response curves showing the change in concentration of various blood cells of
healthy humans after whole body exposure are relatively easy to reproduce, especially with
regard to lymphocytes. As the reduction in the number of lymphocytes is very rapid and
significant after irradiation at high doses, this value represents the best early biological
indicator of severity, if it is obtained as soon as possible after the exposure and repeated once
or twice at intervals of approximately six hours. This simple test is the best quick guide,
within the first two to three days, of the degree of severity with an acceptable degree of
uncertainty. Many chromosomal aberrations may appear in irradiated lymphocytes. The
aberrations currently taken as providing the most valuable information are the dicentrics,
rings and fragments. Human blood may be used as an absolute dosimeter in the weeks
following the exposure, since human T lymphocytes have a relatively long life and the
reduction in the number of aberrations is not significant.

Changes in sperm counts are extremely significant indicators at relatively low doses,
because the early differentiation forms of spermatogonia are extremely sensitive [2, 7, 8].
Assuming that the testes were exposed, the results of sperm counts and their variation with
time can serve as a good indicator of the severity of exposure. Moreover, sperm counts will
be helpful for the assessment of the degree of uniformity of the exposure when compared
with other biological parameters such as blood counts and chromosome analysis.

Whole body overexposure rapidly results in functional modifications in the central
nervous system. Early reactions are intra- and extracellular oedema, inflammatory infiltration
and metabolic disturbances. After high doses around the LD50/6O, some structures such as the
hippocampus are unable to maintain the basic rhythms. These abnormalities can be detected
by electroencephalography with a threshold of around a few tenths of Gy.
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Conventional treatment of bone marrow depression

A clear distinction is needed between medical actions which aim to prevent
complications related to bone marrow injury and those which try to restore the bone marrow
functions. The former belong to the conventional management of patients immunodepressed
with other additional problems due to their global injury, whilst the latter imply specific
haematological treatments.

Prevention and treatment of infection

Whatever the type of curative treatment chosen, the worst risk is the development of
local or general superinfection, mainly as a result of immune deficiency. Patients with a
severe degree of granulocytopenia lasting for prolonged periods are at great risk of
bacteremia, especially gram-negative rod bacteremia. These patients require aggressive
approaches to prevent infection. Medical management of such patients is well defined and
specialized intensive care units nowadays have means to keep alive immunocompromised
patients, such as those suffering from AIDS or other diseases.

The first step is the prevention of exogenous infection. Whatever the degree to which
prophylactic therapy should be pursued, isolation of the patient is mandatory. It should be
underlined that using efficient and refined means of isolation is useless if the personnel are
not correctly trained and aware of all the procedures used to control potential infection
pathways. The use of laminar air flow rooms in which all air presented to the patient is
previously filtered and maintained at a positive air pressure in relation to the remainder of the
building is a current means for keeping patients correctly isolated. Regular bacteriological
surveillance of the patient (at least skin and faeces) is mandatory. In addition, all monitoring,
life support systems and consumable supplies should be sterile. The use of a suite with a
separate work and changing room is of great help for the medical personnel. These facilities
should periodically be disinfected. In addition, when normal feeding is possible, all oral foods
and fluids should be sterile. As these patients require frequent sampling and administration of
parenteral drugs and fluids, the prior placement of a double or triple lumen central venous
access line will greatly simplify the medical care and reduce the risks of infection. This
intravenous access line will be inserted with great care, since it may be one of the major
iatrogenic factors increasing risks of infection, resulting in tunnel infection often due to
Staphylococcus aureus.

The risk of endogenous contamination must be assessed as soon as the patient is
admitted. It is standard practice to carry out antibacterial and antiviral therapy associated with
digestive decontamination (antibacterial, antifungal) [9, 10]. Some authors recommend the
use of associated antibiotics in order to obtain a broad-spectrum coverage and adequate serum
bactericidal activity for both gram-negative and gram-positive pathogens. As viral infections,
such as herpetic infection, may cause a severe problem by their dissemination in other organs,
prophylactic antiviral treatment should be carried out as soon as a radiation exposure at high
dose is suspected.

It seems that there are more advantages than risks to instituting prophylactic oral anti-
biotherapy in order to eliminate pathogens usually present in the gut. Doing so prevents
subsequent systemic bacterial invasion, which may have disastrous effects on highly
immunodepressed patients. In addition, maintenance of gastric acidity may prevent bacteria
from colonizing and invading the gastric mucosa and therefore, reduce the probability of the
development of nosocomial pneumonia. Antifungal therapy should be started very early,
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especially as damage to flora from antibiotic therapy encourages the settlement of yeasts
which colonize the upper respiratory tract, and from there become disseminated.

With the onset of fever and the increase in the erythrocyte sedimentation rate, the
source of infection must be sought as a matter of urgency. The immediate administration of
several broad spectrum antibiotics is required, and then adapted in accordance with the disc
sensitivity test.

Nutrition and fluid balance

Whole body irradiation in the mid-lethal range may lead to a syndrome of serious
malnutrition. The nutritional and caloric equilibrium must therefore be maintained without
waiting until the syndrome develops. Oral feeding is preferable to parenteral feeding,
especially as it is psychologically reassuring. For patients in bad conditions, total parenteral
nutrition may be necessary through the central venous line, in particular in the presence of
severe mucositis of the oropharynx. Basal fluid intakes should be administered in accordance
with the losses from diarrhoea, stomal output, naso-gastric suction and possible drainage.
When intravenous fluid replacement is absent, electrolyte imbalance can be life threatening as
a result of fluid loss due to severe vomiting (with or without diarrhoea) or sweating from
exertion.

Blood products

The use of blood products requires careful evaluation so that these materials are not
administered indiscriminately. Specific indications are warranted for red blood cells and
platelets. The frequency of transfusions varies with the daily reading of blood counts, the
purpose being to maintain a level above that at which anaemia and haemorrhages can occur.
All blood products should be irradiated at about 50 Gy to inactivate the viable
immunocompetent lymphocytes present in the products and consequently prevent GVHD
(graft versus host disease). This irradiation does not adversely affect the red blood cells or the
platelets, but may minimize the risk of viral diseases, such as cytomegalovirus. If a bone
marrow transplantation is envisaged for the future, the use of products from related donors
should be avoided. A complete check-up should be made prior to the transfusions in order to
reduce the risk of immunological complications; this includes determining or confirming
ABO groups, the Rhesus factor together with the complete phenotype in other blood group
systems and tests for irregular agglutinins and the HLA complex.

Erythrocytes should be provided in order to correct tissue anoxaemia by maintaining
haemoglobin at a sufficient level. Healthy individuals may tolerate rather low haematocrits,
provided that their activities are circumscribed and appropriate care is given to other injuries.
As for erythrocytes, the requirement for platelet support depends on the patient's condition.
In the absence of other medical problems, the platelets should be maintained at least at 20 x
1091"!, although many victims have sustained lower counts without bleeding.

Granulocyte transfusions should be reserved for patients presenting deep
granulopenia, persistent signs of infection (especially gram-negative bacterial infection) and
after antibiotic therapy has proved to be inefficient. However, their explicit clinical efficiency
is still questionable and moreover, they contain HLA antigens which limit their usefulness. If
such a drastic treatment is initiated, it should be continued for a few days, in accordance with
the short lifespan of these cells.
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4. NEW TRENDS FOR THE TREATMENT OF HAEMOPOIETIC INJURY

In the 1970s and 1980s, bone marrow transplantation (BMT) had become enshrined in
the literature as a proposed final successful therapy for acute radiation syndrome [9, 11, 12].
There were at least two primary reasons behind this medical attitude: bone marrow appeared
to be the most sensitive tissue to whole body exposure and clinicians had gathered experience
with several thousand procedures of this kind, including preconditioning therapy for
transplantation. After the Chernobyl accident, which was the first time a large number of
heavily irradiated victims had to be treated and several BMTs were performed, it was
concluded that the benefits of this intervention were limited [13, 14]. In the opinion of the
physicians in charge of the victims, this therapy resulted in worsening the conditions of their
patients and they advised against its use. It is recognized that a BMT must be regarded as an
exceptional and potentially hazardous measure [15]. Although BMT may not be completely
contraindicated, the particular conditions prevailing in accidental overexposure explain the
need for exploring other therapeutic approaches.

Bone marrow transplantation

Indications for transplanting bone marrow to a radiation casualty rest on high doses
received by all areas; doses which are incompatible with spontaneous recovery and result in
the absence of any relatively protected areas that might provide a basis for autorepopulation.
It may be concluded that the bone marrow transplants will be useful only in a small
proportion of victims, probably those who have received doses exceeding 8 Gy [16]. At these
levels, digestive and possibly neurological syndromes are likely to cause grave concern and
may require more urgent treatment than the haemopoietic syndrome. The main limitations of
transplants are (i) the presence of residual endogenous haemopoiesis inducing rejection, (ii)
difficulties in setting up the transplant, including difficult tissue typing after irradiation and
insufficient availability of a graft and (iii) the deleterious effect of the transplant
(imrnunosuppressive treatment and/or GVHD). Apart from consuming enormous technical
and professional resources, the complications which may follow allogeneic BMT may pose
major threats to the survival of the patient. These include (i) engraftment failure, (ii) GVHD,
(iii) infections and (iv) other complications of minor importance owing to their lower
frequency or a lesser degree of potential severity [9]. In addition to these complications, other
radiation induced effects may occur and raise important medical problems. They include:
radiation pneumonitis, hepatic veno-occlusive disease, gastrointestinal manifestations and
deterministic effects in any organ or tissue with thresholds lower than the dose received by
the patient.

In such a fast-changing field, directions of research of specific interest for radiation
induced aplasia include (i) the source of HLA compatible donor cells, (ii) transplantation with
selected haemopoietic stem and progenitor cells, and (iii) new transplant regimens,
(i) Source of HLA compatible donor cells

The availability of a graft is often a problem for bone marrow transplantation. As the
size of the modern family tends to diminish, the probability of finding a matched related
donor falls. Although the size of the bone marrow registry for unrelated donors is increasing,
there are still patients with no matching donors. Furthermore, the delays caused by the donor
search and for planning the transplant may impair its results.

New sources of haemopoietic stem cells for transplantation are needed. Cord blood
may offer useful prospects. A cord blood bank has recently been established in order to study
the feasibility of unrelated transplants. Cord blood samples are collected upon delivery, and
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become readily available once frozen and typed [17]. Cord blood cell transplants are well
established in matched related situations for children. Whereas GVHD has seldom been
observed in cord blood transplants, a delay in platelet recovery has frequently been noted.
These transplants have never been used for adult recipients although the number of stem cells
present in a sample may theoretically be sufficient [18]. The possible success of such
transplants in the future will condition their usefulness for the treatment of radiation induced
aplasia.
(ii) Positive selection of immature haemopoietic cells

New techniques for the preservation and storage of haemopoietic stem cells have been
developed recently. It has been shown that it is possible, by reproduction, to prepare highly
enriched samples of haemopoietic stem and progenitor cells. These cells can be obtained from
bone marrow, cord blood or peripheral blood by immunological recognition of a specific
marker (CD 34). They are isolated from mature cells by reversible binding to a specific
device (antibody bound to magnetic beads, biotin-avidin interaction, plastic binding). CD 34+
enriched samples are small in size, and a few millilitres may contain the same quantity of
progenitors and stem cells as a whole litre of bone marrow. These cells have been used
clinically in autologous haemopoietic cell transplantation trials with some success [19]. The
development of this technique may be interesting for the creation of haemopoietic sample
banks taken from potentially exposed workers (workers with a significant probability of
receiving high doses, as were the intervening firemen at the Chernobyl accident).
(iii)New transplant regimens

New strategies are under development to limit the risk of GVHD or prevent graft
failure when transplanting cells with a poor HLA compatibility.

The use of a T cell-depleted haploidentical graft has had little success because of the
high risk of graft failure. It has been recently shown that it is possible to realize, in leukaemia
patients, a successful transplantation with three HLA mismatches with a low GVHD
incidence by transplanting a large number of T cell-depleted bone marrow and peripheral
blood stem cells from the donor at the same time [20]. The average concentration of myeloid
precursors in the final inoculum was seven- to tenfold greater than that found in the bone
marrow sample alone. In addition, an increased conditioning regimen (when compared with
standard practice) was applied to provide both immunosuppression and myeloablation. One
patient rejected the graft, sixteen had early and sustained full donor type engraftment. One
patient who received a high quantity of lymphocytes died from acute grade IV GVHD, nine
patients died from transplant related toxicity, and six patients are alive and event-free. This
approach may be of interest for treatment of radiation victims when a bone marrow
transplantation is needed but only a haploidentical HLA marrow donor can be found.

Most T cell depletions are negative selection processes; CD 34+ selection is a positive
selection process ending with a sample, theoretically almost totally depleted from cells
involved in the acute GVHD reaction. In order to limit the risks associated with this disease,
it has been suggested to use CD 34+ cells in allogenic bone marrow transplantation. The
preliminary results have shown the feasibility of the transplant using G-CSF (granulocyte
colony-stimulating factor) mobilized CD 34+ peripheral blood immature cells in combination
with unmanipulated bone marrow. None of the six patients treated developed more than a
grade II GVHD. It was suggested that the use of CD 34+ selected allogenic cells may
circumvent the need for potentially toxic immunotherapy to minimize GVHD [21].
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Haemopoietic growth factors

Haemopoiesis is under the control of growth and differentiation factors (cytokines)
which allow the tissue to adapt itself to new situations by continuously modulating its
response. Some of these factors are well known, others are only hypothetical. Recent
advances in the study and large scale production of these haemopoietic growth factors have
allowed their use for therapeutic purposes. The factors most studied are the granulocyte-
macrophage colony-stimulating factor (GM-CSF) and the granulocyte colony-stimulating
factor (G-CSF). These factors stimulate the proliferation and/or differentiation of
haemopoietic progenitors. Furthermore, they act on the functions of mature cells. Other
factors with broader effects, such as interleukin 1 (IL-1), interleukin 3 (IL-3), interleukin 6
(IL-6), interleukin 11 (IL-11) or stem cell factor (SCF) are only entering preclinical or clinical
trials now. Although numerous in vitro or in vivo experiments suggest a benefit from their
effects, their possible uses in therapy are still questionable. The same conclusion applies for
other factors under development, such as PIXY 321, erythropoietin (EPO), macrophage
colony-stimulating factor (M-CSF) and thrombopoietin (TPO). Some growth factors have
already been used for the treatment of accidental radiation induced aplasias and lessons have
been learned from their medical management and follow-up.

Although questions have been raised about the real clinical efficiency of growth
factors [22], the results of the clinical trials, in vivo and in vitro radiobiology experiments and
lessons learned from the management of accidents all suggest that growth factor therapy
could be of use after an accidental overexposure to stimulate the remaining haemopoietic
stem cells so as to shorten the duration of aplasia. While G-CSF has already demonstrated a
proven efficacy against granulocytopenia in numerous clinical and experimental settings, so
far, it has been used only once for the treatment of a radiation injured patient [23]. The
broader action of GM-CSF and IL-3 and especially their possible role in thrombopoiesis
stimulation, added to their proven action on granulopoiesis in vivo, seems to be beneficial for
the patients. However, neither the clinical trials nor the management of accidental irradiations
allow the definition of a precise schedule for the treatment of thrombocytopenia by growth
factors. In situations where a bone marrow transplantation is indicated and can be performed,
these growth factors might be used after the transplantation in order to promote haemopoietic
recovery and to limit the risk of infection for the patient, without effects on GVHD. It has
been suggested after the Goiania accident (where a victim experienced a late hypoplasia) that,
when internal exposure is involved, the use of growth factors would stimulate haemopoiesis
induced progenitors or stem cells to progress in the cell cycle, while the cells are still being
irradiated. The combination of haemopoietic growth factors inducing mitosis and
simultaneous prolonged radiation exposure might result in the depletion of the stem cell pool.
This has not been confirmed by observations. However, this hypothesis could be important in
situations where internal exposure persists during treatment. Interleukin 6, Interleukin 11 and
SCF are promising haemopoietic growth factors entering clinical trials for the treatment of
aplasia. Furthermore, clinical trials have been set up for the combination of growth factors.
Other growth factors are entering preclinical trials, such as thrombopoietin and leukaemia
inhibiting factor (LIF), which is known to increase IL-3-dependent proliferation of early
human haemopoietic progenitors and to stimulate thrombopoiesis. However, the doses and
the schedules of administration are not yet established, their side-effects are not well
identified and their long term effects are mostly unknown; these elements may be of
particular importance for factors which are known to stimulate the growth of some leukaemia
cell lines. Advances in growth factor research suggest that it is possible to design new, more
efficient therapies for radiation injured patients.
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Ex vivo expansion of haemopoietic precursor stem cells and differentiated cells is a
new approach in growth factor therapy [24, 25]. These studies aim to expand the pool of
progenitors and stem cells for transplantation (or to expand differentiated cells for
transfusion). This is made possible due to the development of techniques allowing the
selection of a population of haemopoietic progenitors and stem cells from the blood (with
stimulation by growth factors prior to stem cell harvesting) or bone marrow using CD 34+
cell positive selection. The next step, consisting in their culture with combinations of growth
factors or additional stroma cells, is also under development. The use of continuous perfusion
cultures may help to solve some of the technical problems arising from the size of the
samples and reproducibility of the experiments. This approach is interesting for the treatment
of patients with radiation induced aplasia, either because the cells necessary for ex vivo
expansion have been stored in a cell bank before the radiation accident or if such cells can be
found in the blood or marrow and harvested in sufficient quantity after the accidental
irradiation and it is possible to collect them. Such cells might be available in the blood after
various types of irradiation, as suggested by results obtained from haemopoietic progenitors
in the peripheral blood after therapeutic irradiation [26]. Some of the growth factors, although
their effects on haemopoiesis might be useful, have restricted use in vivo due to their toxic
side-effects. Ex vivo experiments might allow their use without adverse reaction. Important
research is necessary to adapt the ex vivo expansion of haemopoietic precursor and stem cells
for transplantation or of differentiated cells for transfusion in the treatment of radiation
induced aplasia, as in vitro cultures are different for both purposes. To be of therapeutic use,
the cells produced must retain their normal function and regulation properties. In this respect,
potential mitotic ageing during expansion may prove counter-productive.

Several growth factors (such as GM-CSF) inhibit programmed cell death in vitro and
in animal models [27]. This property might be of great interest for the treatment of radiation
induced aplasia, as it may help to lengthen the lifetime of the irradiated cells, thus reducing
the severity and duration of aplasia. Research on the effects in vivo of growth factors on
apoptosis must therefore be designed bearing in mind the role of irradiation.

5. LATE EFFECTS RELATED TO TREATMENT

Chronic GVHD occurs later than acute GVHD, i.e. later than three months after bone
marrow transplantation. It is manifested by cholestatic serum chemistry, dermatologic
changes similar to scleroderma or dermatomyositis, dry stomatitis, and keratoconjunctivitis
[9]. In severe cases, a variety of other organ-specific inflammatory processes may occur.
Continued infections via the lungs and digestive tract may require specific treatment. Careful
and rapid attention should be directed to the earliest and most minimal indications of
infection. The overall risk of chronic GVHD one year after unrelated donor transplantation is
55 per cent [28].

Whether G-CSF or GM-CSF are potentially carcinogenic or indeed whether
stimulation with growth factors may result in bone marrow exhaustion or stem cell failure are
open questions. It has been reported that, at a high dose, GM-CSF trials for myelodysplastic
syndrome patients initiated rather than prevented the onset of acute myeloid leukaemia.
Adverse reactions with stimulation of leukaemia blast cells under GM-CSF administration
have been reported in some sporadic acute myeloid leukaemia cases [29].
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6. CONCLUSIONS

Only a few hundred radiation accidents with health consequences have occurred in the
elapsed half century. These accidents resulted in close to 1000 casualties including some 100
deaths, among which bone marrow injury played a prevailing role. The casualty list shows
that about half of the severe injuries derive from the unsafe handling of industrial and medical
sealed sources, while the other half can be traced to the civilian and military nuclear industry
(most of them arising from the Chernobyl accident in 1986, with 28 deaths directly related to
radiation exposure) [30]. Without wishing in any way to minimize the problem, this figure is
trivial when set against the total number of safe operations involving radiation sources (such
as industrial radiography devices, industrial irradiation facilities, radiotherapeutic devices,
etc.).

Nevertheless, this paucity of cases explains the limited interest generated by radiation
accidents in both the medical and political spheres— unless an accident occurs which affects
a large number of people. As this current attitude seems difficult to accept, the only way to
ensure that the best medical management will be available to overexposed victims in the
future is to provide for coherent, permanent and comprehensive radiation accident
preparedness. This includes planning, education and preparation. These three tasks are crucial
to an effective response in medical emergencies and should be accorded the highest
consideration in preparing for accidents involving ionizing radiation. The medical response
should rest on the experience and lessons learned in serious nuclear and radiological
emergencies, which thus deserve to be reviewed in this light. These reviews should also
consider the time scale in relation to the availability of data which are essential for a precise
diagnosis and appropriate prognosis. Practitioners should be ready to face situations where
decisions will need to be taken in the absence of reliable dosimetric results, which may be
unavailable.
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Abstract

ADJUSTING ABILITY AND SENSIBILITY FOR AN ACCIDENT.
Adjusting ability (technical competence) and sensibility (consciousness) are the two most

important priorities any staff member of any organization should bear in mind while acting during a
nuclear or radiological emergency. The discussion is aimed at the national authorities of states which
do not have a major nuclear power reactor programme, and especially at the IAEA and WHO:
although a decade has gone by, the lessons from the radiological accident in Goiinia have not been
fully learned. The events which unravelled in the fall of 1987 took the population of the city of
Goiania completely by surprise: they did not comprehend what had happened and failed to grasp
what measures needed to be taken, a situation which precipitated a very complex psychological
reaction, coupled with discrimination. To ensure the safety of radiation sources and nuclear
installations, national and international organizations should direct their efforts towards educating
and training staff in developing countries who work with ionizing radiation and promoting
organizational capacity. This should be done first, by improving safety qualitatively so as to better
control the uses of radioactive materials in medicine, agriculture, industry and research, and
secondly, by assisting countries without a major nuclear power reactor programme to develop an
objective and realistic emergency response training programme.

1. INTRODUCTION

In September 1987, the removal of the rotating assembly of the shielding head of a
teletherapy unit and the dismantling of the capsule containing 50.9 TBq (1375 Ci) of Cs-137
led to the most serious radiological accident to have occurred to date. It resulted in the injury
by radiation of many people, four of them fatally, and in widespread contamination of the
central area of Goiania, a Brazilian city of some one million inhabitants. Goiania is the capital
of the state of Goias, at a distance of 180 km from Brasilia, the capital of Brazil. This
radiological accident was unique because it happened in an urban setting — the centre of the
city. The accident presents lessons which cover the phase prior to the accident, the emergency
phase and the aftermath of the accident up to the present, ten years later; each phase was
marked by errors and correct actions by individuals and organizations alike [1—4]. Today,
aside from the medical treatment of the groups of patients in observation, the repository,
where 3500 cubic metres of waste are stored in more than 6000 containers, still evokes social
and economic concern and psychological emotion among the population of Abadia de Goias,
the town 20 km away from Goiania closest to the repository [5]. Account taken of such
singularity, this radiological accident brought to light several adverse indicators not
heretofore observed in the literature on emergency planning and preparedness. The Goiania
accident involved all classes of the regional society. Not only were we faced with political
and technical problems to be dealt with, but also social and psychological aspects derived
from apprehension. This translated into fear and depression of the population and
stigmatization and discrimination against the victims and the main commercial products of
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the city [6-8], This paper also considers the public and professional perceptions and conflicts
of information, distortion and misunderstandings as the main causes for the anxiety and
discrimination. Additionally, several unforeseeable psychological issues during the early
phase of the accident are mentioned which are not found in the literature. These emerged
suddenly through unexpected situations or questions which we never anticipated; they must
be analysed in terms of (a) the identification of problems in safety culture and (b) safety
culture and human behaviour [7]. Finally, this paper is intended to alert national and
international organizations, and especially those devoted to the progress of developing
countries such as the IAEA and the WHO, that the lessons from this radiological accident
have not been sufficiently aired until now and have not been learned. To these organizations,
the writer wishes to reiterate that if another scenario along the lines of the Goiania accident
were to happen in a developing country, most probably the same kinds of figures, the
competent authority, the organizations dedicated to remediation and the media will repeat the
same mistakes — and this will be a setback for nuclear energy.

Considering countries which have a major nuclear power reactor programme, or
countries which do not, but have a common border with countries that do, the Chernobyl
accident is no doubt the example which offers the greatest number of lessons to be learned.
However, to developing countries with no major power reactor programme, and especially to
those countries which are in the process of establishing or improving their national radiation
safety infrastructure, the radiological accident in Goiania, in each of its phases, offers a
wealth of valuable lessons. The events of Goiania provide unique insights on how to deal
with an emergency involving technical and political conflict and the emotions of the
population; in this sense, they are an ideal training tool. Nonetheless, the question posed is:
what policies and measures are these developing countries now preparing to respond to a
radiological accident, considering social and psychological impacts?

2. UNDERSTANDING FEELINGS: QUESTIONS AND EMOTIONS

2.1. Public and professional perception

Unexpectedly, the population in GoiSnia was subjected to a terribly unpleasant
experience: like in a bad dream, individuals were involved in a radiological emergency
response, not an exercise scenario, but part of a real accident. Suddenly too the media, both
national and international (in the initial phase, at least), came to Goiania prepared for a
extended stay. Expressions and jargon that the population had never heard before about risk,
hazard, threshold, stochastic, non-stochastic and many other words designating units —
Becquerel, Sievert — surfaced every day in polemic discussions and in the media. However,
among these confusing terms, one word was well known to everybody: cancer. This gave rise
to conflicts among organizations, the population and the media owing to misunderstandings
surrounding the information released. The main difficulty arose in establishing the right
balance to provide information promptly and to assure accuracy and consistency. Ignorance
and limitations within the population expanded emotions beyond reason. What other
psychological reaction could have been expected from the population in Goiania? Practically
overnight, they observed hundreds of professionals from the nuclear field and other
organizations converge on their neighbourhoods to control houses and streets and, for the first
time, were confronted with the following statements, which they were to hear over and over:

• Ionizing radiation is an invisible enemy;
• Ionizing radiation is dangerous to life;
• All radioactive materials and radiation are potentially hazardous;
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• Evidence and experience indicate that limited exposure to external radiation orO the
intake of a small amount of radioactive substance into the body are associated with a
negligible probability of severe somatic or genetic injury;

• Mutations, once they have occurred, are permanent. The great majority of observed
mutations are permanent;

• The effects of large doses of radiation on human health are well understood and
such doses are clearly hazardous;

• The low doses delivered over period of months or years provoke risks of malignant
diseases, as leukaemia or cancer, that may appear years or decades after exposure.

Even now, ten years after the fact, the population and the media in Goiania still do not
understand very well the expressions mentioned and to this day regularly repeat many
questions unsettled in their minds, such as:

• How long will it take to feel consequences?
• What are the effects on children and women?
• What are the effects on future generations?
• 10~6 but not zero ?
• What exactly is the meaning of small quantity, small amount or low level?
• / do not understand: Mi what? Bee what? Si what? Sto.... what... (referring to mili;

Becquerel; Sievert; stochastic; non-stochastic and other words not recognized by the
population)

• Whom should I believe? Do you swear?
• Who is right? Who is exaggerating?
• How do we know whom to trust?

2.2. Special remarks by the population

• If there is scientific controversy about low doses and high doses are dangerous, where
do we fit in?

• I do not understand what are you talking about.
• Could you please repeat that again?

2.3. Understanding the relevance of emotions

The intensity and confusion of the emotions engendered by this accident further
amplified the reactions of the public and especially of those who suffered from the effects of
contamination, evacuation and losses. In considering the entire range of psychological
consequences, the following aspects must be mentioned:

• Physical and emotional pain cannot be measured objectively — especially when
urgent protective measures are being taken in the early phase of an accident; this was
particularly true for those among the population who believed they were being
rejected on the basis of exclusionary and discriminatory attitudes;

• The lack of knowledge, due the lack of an appropriate system of education and
information, was the main cause of the discrimination and stigmatization against
individuals and the city;

• The lack of expert mediators to distinguish between proper and improper information
and criticism of the authorities was another reason behind the psychological
consequences which spread among the population in the form of anxiety and stress.
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This sense of insecurity increased further as the persons directly affected lost
confidence in the authorities and in the medical support provided by the government.

2.4. From Goiania to Chernobyl

There can be no doubt that the psychological impact of an accident on the population
is an issue of major concern. The divulgation of information on an accident provokes high
human health disorders and mental distress, which spreads to large areas of the community,
even if they are not within the zone of risk. In its dimensions, the radiological accident in
Goiania was a small accident when compared with the accident of Chernobyl. Goiania,
capital of the state of Goias, is located on the central Brazilian plateau, which is known for its
grain farms and cattle ranches. Goiania is a large city with a population exceeding one million
inhabitants and lies at a distance of 180 km from Brasilia, the capital of Brazil. Goiania was
not prepared to deal with a radiological accident. How many other cities are prepared for this
eventuality? Even in developed countries?

Turning to Chernobyl, what were the lessons learned there in terms of psychological
impact?

• "The psychological effects of the Chernobyl accident resulted from the lack of public
information, particularly immediately after the accident, the stress and trauma of
relocation, the breaking of social ties, and the fear that any radiation exposure is
damaging and could damage people's health and their children's future.

• "The distress caused by this misperception of radiation risks is extremely harmful to
people.

• "The effects are being prolonged by the protracted debate over radiation risks,
countermeasures and general social policy.

• "The lack of consensus about the accident's consequences and the politicized way in
which they have been dealt with has led to psychological effects among the
populations that are extensive, serious and long lasting. Severe effects include
feelings of helplessness and despair, leading to social withdrawal and loss of the hope
for the future." [9]

3. SAFETY CULTURE IN A DEVELOPING COUNTRY — ADJUSTING ABILITY AND
SENSIBILITY

If safety culture means attitudes [10] and behaviour for ensuring adequacy in safety
and radiation protection, this must also be a part of the IAEA expert knowledge on what the
country really can do. Experts are of great opportunity to help the competent authority in a
developing country obtain the minimum resources from the government to provide a
regulatory structure, to implement regulations for the majority of the practices in use and to
help in identifying what areas can be improved with the resources available. If experts are not
successful or not capable, the main problems will remain in the future. Experts need to go to
the roots of the safety culture, i.e. they need to know the 'who's who' of the country in order
to help these persons start with a strategy for improving the safety culture in the country. For
them to work only in their specific technical task is not enough. They must delve deeply, so
as to open doors for safety culture.

3.1. New modules in IAEA training courses

Education and training of staff in developing countries who work with ionizing
radiation is to ensure the safety of radiation sources and nuclear installations, along with the
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promotion of organizational capacity [11, 12]. This should be accomplished first, by
improving safety qualitatively so as to better control the uses of radioactive materials in
medicine, agriculture, industry and research [13], and secondly, by assisting countries without
a major nuclear power reactor programme to develop an objective and realistic emergency
response training programme.

One way to address emergency topics in the framework of safety culture is by
introducing more realistic sessions in the training course programme of the IAEA, as follows:

a) Courses on radiation protection or on the basic elements of a regulatory
programme:

• Overview of the recent accident and discussions of the lessons learned (two sessions);
• The radiological accident in Goiania, lessons learned up to the present (two sessions);
• Communication on safety (two sessions).

b) Courses in emergency planning and preparedness for a developing country:
• Overview of the recent accident and lessons learned discussions (two sessions);
• The radiological accident in Goiania, lessons learned up to the present (two sessions);
• Similarities and differences between Chernobyl and Goiania (one session);
• Adjusting ability and sensibility for an accident (two sessions);
• Table top exercise: Scenario — communication in case of a radiological accident

(three sessions);
• Table top exercise: the radiological accident in Goiania (four sessions).

4. LESSONS LEARNED

• Implausible accidents can happen suddenly, even when they are least expected
(Juarez, Goiania and Chernobyl);

• Accidents have caught countries by surprise (Chernobyl and Goiania);

• Emergency planning and preparedness is still in an incipient stage in the great
majority of developing countries with no major power reactor programme;

• The distress caused by the misperception of radiation risks was extremely harmful to
the people and the economy of the state of Goias;

• Scientists think and speak in their own language, using their own terminology; their
jargon cannot be understood by the highest percentage of the population;

• It is vital to be aware of the dangers of not applying the lessons of the radiological
accident in Goiania in countries which do not have a major power reactor programme. The
radiological accident ir. Goiania ended ten years ago, but many technical, political, economic,
social and psychological lessons still remain to be analysed and learned, lest any other similar
accident take place.
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Abstract

REGULATORY CONTROL OF RADIOACTIVE SOURCES: AN INTERNATIONAL
PERSPECTIVE.

Within its Regular Programme and its Technical Co-operation Programme, the IAEA
undertakes a number of activities in support of national efforts aimed at strengthening national
infrastructures for the control of radiation sources. The framework of these activities is described.

1. RADIATION PROTECTION — A PREREQUISITE FOR THE SAFE USE OF
RADIATION SOURCES

It is sometimes questioned whether radiation protection and safety1 should receive
high priority support when funds have to be allocated for nuclear development purposes.
Radiation protection seems to suffer from a lack of relevance since benefits derived from
radiation protection work are not easily visible.

Every country evidently uses radiation to some extent — at least in the medical
sector— for social health or economic benefit. Four million patients undergo radiation
treatment each year. The potential for further growth of the various applications of ionizing
radiation, in the medical area but also in industry, agriculture, earth sciences and research, is
given. Still, a number of countries do not yet have any radiotherapy services at all, while a
severe shortage persists of drugs used to fight cancer.

Proper protection of workers and of the public from any harmful effects of ionizing
radiation has to be an invariable component of all applications of ionizing radiation. When an
adequate control of sources of ionizing radiation is lacking, the inevitable consequences are
injuries, sometimes death and property damage. Several serious accidents, some of which
have resulted in fatalities, have occurred in a number of Member States because of the
mishandling of radiation sources. Such accidents, in addition to the health effects they caused,
resulted in significant economic consequences. With proper control in place, accidents of this
nature could have been avoided.

Significantly, the role of radiation protection is not only to protect the population, the
environment and the economy of a country from any adverse effects which might be caused
by ionizing radiation, but also to provide safety re-assurance by rendering authoritative
advice and placing radiation in the right perspective. Unfortunately, this latter aspect has been
much neglected in the past.

1 The term 'safety' carries two distinct connotations, safety denoting a status ("a person is safe") and
safety denoting a quality ("a radiation source is safe"). The term 'protection' relates to action
("defence from harm").
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2. RADIATION SAFETY REQUIREMENTS

What are the elements required to ensure effective control of radiation sources?
Generally speaking, the availability of appropriate radiation protection standards and an
adequate domestic infrastructure.

The International Commission on Radiological Protection (ICRP), established in
1928, continues to provide recommendations on radiation protection principles which form
the scientific basis for radiation protection standards and safety practices.

Although the recommendations of the ICRP describe the principles of radiation
protection and thus provide a basis for establishing radiation protection policy, they are not
expressed in regulatory terms. Guidance on the application of the principles is provided by
other international bodies. As a joint undertaking, the FAO, IAEA, ILO, NEA/OECD, PAHO
and WHO drew up revised "International Basic Safety Standards for Protection against
Ionizing Radiation and for the Safety of Radiation Sources" (BSS). The BSS are intended to
provide guidance to national authorities in Member States for the establishment of up-to-date
domestic radiation protection regulations.

The existence of safety standards is not in itself a guarantee for good safety practices.
A proper national infrastructure is required in each country for the application of safety
standards in order to achieve and maintain the desired degree of radiation safety in the rapidly
expanding uses of ionizing radiation. In this context, 'national infrastructure' is understood to
essentially comprise three main elements:

a) a framework of national laws and regulations on radiation safety, setting forth legal,
technical and administrative requirements for regulating the use of ionizing radiation;

b) mechanisms for enabling/enforcing application of the regulations through respective
notification, registration, licensing and inspection of radiation sources by an
operational national authority;

c) certain supportive technical capabilities for the provision of various safety services
such as radiation monitoring services (personnel dosimetry for occupationally
exposed workers, environmental monitoring) and emergency response services.
The magnitude of any national infrastructure to exercise control over the practices

with ionizing radiation needs to be commensurate with the degree and volume of promotional
technological activities requiring safety efforts, ranging from electricity production by
nuclear power plants to traditional fields of applications of ionizing radiation in human
health, food and agriculture, industry, earth sciences, physical and chemical sciences, and
research.

What is the magnitude of an adequate radiation protection infrastructure to be fully
commensurate with the existing volume of nuclear applications in a country? A simple
formula cannot be given. Each country ultimately has to determine what the size of its
infrastructure needs to be since the protection of people, environment and economy from
radiation hazards ultimately is a national responsibility. Even a small country has to and
actually can make arrangements for a minimum infrastructure. This can be achieved without
relying upon an unnecessarily large administrative and technical staff.

3. PERCEIVED INFRASTRUCTURE NEEDS

There is growing concern that many countries do not yet have national radiation
protection capabilities consistent with their increasing use of radiation sources. There is
evidence that radiation safety control mechanisms are inadequate in some 40 countries. Many
countries simply lack the necessary infrastructure for implementing international
recommendations. In some countries, radiation protection facilities are inadequate; in others,
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multiple institutions claim responsibility; while in a few, national authorities have yet to be
established. Often, basic legislation and supporting regulations are outdated. To compound
the problem, trained and knowledgeable personnel are in short supply, with no long term
strategy in place to ameliorate the general situation. Low salaries, as a consequence of lack of
sufficient financial resources committed to radiation safety activities, are resulting in a
serious brain drain of trained people to better paid jobs in national industries or other
countries.

To a certain extent, upgrading of radiation safety control is hampered by internal
problems within countries, such as organizational fragmentation (governmental versus non-
governmental sector). Regulatory control is effective if the responsibility for radiation safety
rests with one sole national institution (e.g. the national Nuclear/Atomic Energy Commission
or one Ministry) or if the share of responsibility is clearly defined (e.g. medical/non medical
area) and if internal co-ordination and co-operation at the national level is effective (e.g.
among two institutions such as the national Atomic/Nuclear Energy Authority and the
Ministry of Health). By contrast, regulatory control is generally not very effective if a number
of national institutions claim the sole responsibility for radiation safety in the absence of a
strong co-ordinating domestic body.

It is quite natural that radiation protection issues extend into the work of various
national bodies such as the Ministry of Health, Ministry of Labour, Ministry of Energy and
Mines, Ministry of Environment, Ministry of Economy, Ministry of Planning, Ministry of
Transport, Ministry of Internal Affairs, Ministry of Foreign Affairs, Social Security and
Universities. However, in order for protective measures to become effective on a national
scale, interests and forces need to be harmonized and properly directed.

Special efforts are needed for strengthening radiation protection infrastructures in
those Member States so that they can cope and keep abreast of current technological
developments. Radiation protection and safety must be built into the economic development
process. How does the IAEA assist Member States in this process?

4. RADIATION SAFETY PROGRAMMES AND ACTIVITIES OF THE IAEA

The IAEA is undertaking enhanced efforts to improve the current situation and to
strengthen national radiation protection infrastructures as necessary through activities under
its regular programme and particularly, under its technical assistance programme.

Activities of the IAEA in the area of radiation protection are based on its statutory
obligations relating to the following functions:

• establishing standards,
• fostering the exchange of scientific information,
• encouraging and supporting research and development work,
• performing services,
• providing technical co-operation (TC) and assistance, and
• promoting training.

4.1. Establishing standards

One of the main functions of the IAEA is to establish, in collaboration with the
specialized Agencies concerned, standards of safety for the protection of health and
minimization of danger to life and to provide for the application of these standards. The
IAEA has issued a number of safety standards which are intended to provide guidance to
Member States in applying safety measures in their national practices. IAEA safety standards
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are issued under the authority of the IAEA's Board of Governors and are mandatory for the
IAEA's own operations and for IAEA assisted operations.

The IAEA continues to play an important role in setting safety standards, but it is
placing increased emphasis on promoting their use. The use of a consistent set of standards
worldwide is expected to promote a common level of understanding of radiation safety. The
knowledge that such standards have been developed and accepted on a worldwide basis will
contribute to increase the confidence of the public and heighten the likelihood of gaining
public acceptance of the nuclear options.

4.2. Fostering the exchange of scientific information

The IAEA organizes meetings to facilitate exchange of scientific information on
radiation protection. The proceedings of a number of international conferences, symposia and
seminars have been published.

In order to report regularly on the progress of IAEA safety programmes, as well as on
worldwide safety efforts, the IAEA, since 1984, publishes an Annual Nuclear Safety Review.
It is designed to provide Member States, news media and the interested public with a review
of the main trends and developments in the field. The latest version was made available in the
summer of 1997.

For several years, the IAEA has compiled and issued information on a number of
radiation accidents. The first report published in this series was the report on the Goiania
accident.

4.3. Encouraging and supporting research and development work

The IAEA is authorized to encourage and assist research on, and develop practical
application of atomic energy, including the uses of ionizing radiation, throughout the world.
Under its research contract programme, the IAEA provides support for research work on
radiation protection topics in the form of research contracts or research agreements.

The IAEA supports research work preferably in the form of so-called co-ordinated
research programmes (CRPs) in which research institutes from various Member States,
typically 10 to 15, participate with research contracts or agreements. Information on the
progress of research is regularly exchanged among the scientists participating in these
programmes and results are made available to all Member States in published form.
Generally, CRPs are active for a period of three to five years. Several CRPs relating to the
safety of radiation sources have benefited from IAEA support, such as in the area of safe
transport of radioactive material.

The potential advantage of international co-operation in radiation safety research
through shared technical and budgetary resources is obvious. Co-operation also opens the
door for small countries to participate in research which they cannot normally undertake.

4.4. Performing services

Adequate preparedness for dealing with radiological emergencies must be an integral
and important part of radiation safety efforts. For many years, the IAEA has been active in
promoting the establishment of international arrangements through which countries can
render mutual assistance in the event of a nuclear accident or radiological emergency. These
efforts culminated, in 1986, in the adoption of two legal instruments: the Convention on Early
Notification of a Nuclear Accident ('Early Notification Convention'), and the Convention on
Assistance in the Case of a Nuclear Accident or Radiological Emergency ('Emergency
Assistance Convention').
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To make the international conventions operative in a contingency, the emergency
response capability has been built up in the IAEA. Towards this end, the IAEA established an
emergency response unit to meet the requirements of the conventions. In this connection,
essentially two types of capabilities are required:

• receiving and disseminating information provided or requested by Member States
during the acute stages of a nuclear accident or radiological emergency; and

• providing assistance in response to requests from Member States.
Extended arrangements were made to enable the IAEA to quickly channel requests

for, and offers of, assistance to a Member State in the event of a serious nuclear accident or
radiological emergency.

Another service for Member States to which particular attention is devoted is the
provision of safety information through the Internet. The new World Wide Web pages of the
Department of Nuclear Safety on the IAEA's TecAtom site provide a selection of scientific,
technical and organizational information on nuclear, radiation and radioactive waste safety.
These pages can be accessed by following the links from the IAEA TecAtom Home Page or
at http://www.iaea.org/ns.

4.5. Providing technical co-operation and assistance

The share of activities under the technical assistance programme for improving
radiation protection capabilities in developing Member States is significant. Within in-
country, regional and interregional TC projects, the IAEA provides assistance in the form of
experts, fellowships/scientific visits and equipment. In the last five years, some US $6 to 10
million have been spent annually on technical assistance in radiation protection, or over 11%
of the total funds available for TC projects (some US $50 million per year).

Most TC projects are in-country projects. However, emphasis on supplementary
radiation protection activities within regional projects is increasing. Generally, the IAEA's
programme on technical co-operation for nuclear safety is, to a great extent, responsive in
character and the IAEA's response tailored to the needs identified by developing countries. In
this regard, a sound technical co-operation programme must respond to priority needs of
Member States. This principle precludes pre-determination of the content of the technical co-
operation programme of the IAEA, but it does not preclude a dialogue for finding common
denominators between national and international priorities. An intensive appraisal process
and dialogue with Member States is essential and is pursued.

The IAEA's assistance alone is not sufficient: technical co-operation can only be
successful and most effective when the counterpart of a particular project is also strongly
involved. A commitment by National Governments is fundamental to the success of a project.

Technical co-operation is most fruitful and successful if the IAEA's assistance
capabilities and the recipient country's co-operation capabilities match. A TC project cannot
be managed by 'remote control' from the headquarters of the IAEA. Effective local project
management is a prerequisite for successful project implementation, which in turn is essential
for the desired beneficial impact of the project. Good project design is vital for success.

Although modes of co-operation primarily comprise single projects hosted in
individual institutions of a country, several regional and interregional projects in which more
than one country co-operate have been under way for a number of years: one project of this
kind in the region of Latin America, known by its acronym ARCAL, is well recognized.

The initial radiation protection project under the ARCAL plan of activities, set up in
1984/85 and implemented in two phases for a period of five years, originally entailed some
12 tasks annually. This was followed up by a smaller project focusing on regulatory issues.
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Currently, radiation protection activities within ARCAL concentrate on the safety of radiation
sources. The fundamental objective of such projects is to strengthen and harmonize national
radiation protection practices.

4.6. Promoting training

Adequate staffing is necessary to cope with the organization, implementation and
execution of radiation protection in connection with the establishment of an effective nuclear
development programme, ranging from the application of radiation and radioisotopes in
medicine, industry or agriculture to the development of nuclear power. Manpower
development is one of the most important needs of developing countries. Highly aware of this
need, the IAEA offers a variety of training opportunities.

5. CONCLUSIONS AND OUTLOOK

The IAEA efforts in the promotion of radiation safety need to be viewed as part of the
IAEA's role in promoting nuclear technology. Too much safety and over-regulation is equally
inappropriate as not enough safety and under-regulation. The IAEA will continue to
streamline assistance in such a way as to achieve a balance between too much protection and
too little, and help establish national radiation safety infrastructures which are commensurate
with the volume of promotional nuclear activities.

The IAEA has given great importance to stimulate co-operation among its Member
States in the field of radiation safety from the beginning of its operation 40 years ago. It has
always been a forum for the exchange of technical information in the international nuclear
community and beyond. It has served as a catalyst in the interaction among countries of
different technical and industrial backgrounds and is open for new initiatives.
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Annex

LIST OF SELECTED IAEA PUBLICATIONS RELEVANT TO THE CONTROL OF
RADIATION SOURCES (ISSUED IN 1990 OR THEREAFTER)

SAFETY SERIES

Operational Radiation Protection: a Guide to Optimization.
Safety Series No. 101 (1990).

Recommendations for the Safe Use and Regulation of Radiation Sources in Industry,
Medicine, Research and Teaching.
Safety Series No. 102 (1990).

Extension of the Principles of Radiation Protection to Sources of Potential Exposure.
Safety Series No. 104 (1990).

Radiation Safety of Gamma and Electron Irradiation Facilities.
Safety Series No. 107 (1992).

Intervention Criteria in a Nuclear or Radiation Emergency.
Safety Series No. 109 (1994).

The Principles of Radioactive Waste Management.
Safety Series No. 111-F (1995).

Classification of Radioactive Waste (RADWASS Programme).
Safety Series No. 111 -G-l .1 (1994).

Establishing a National System for Radioactive Waste Management (RADWASS
Programme).
Safety Series No. 111-S-l (1995).

Direct Methods for Measuring Radionuclides in the Human Body.
Safety Series No. 114 (1996).

International Basic Safety Standards for Protection against Ionizing Radiation and for the
Safety of Radiation Sources.
Safety Series No. 115 (1996).

Radiation Protection and the Safety of Radiation Sources.
Safety Series No. 120 (1996).

SAFETY STANDARDS

Regulations for the Safe Transport of Radioactive Material.
ST-1 1996 Edition (1997).
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TECDOC SERIES

Migration and Biological Transfer of Radionuclides From Shallow Land Burial (Final Report
ofaCRP, 1985-1989).
(IAEA-TECDOC-579), (1990).

Nature and Magnitude of the Problem of Spent Radiation Sources.
(IAEA-TECDOC-620): (1991).

Guidance on Radioactive Waste Management Legislation for Application to Users of
Radioactive Materials in Medicine, Research and Industry.
(IAEA-TECDOC-644), (1992).

A Model National Emergency Response Plan for Radiological Accidents.
(IAEA-TECDOC-718), (1993).

Rapid Monitoring of Large Groups of Internally Contaminated People Following a Radiation
Accident.
(IAEA-TECDOC-746), (1994).

Modelling the Deposition of Airborne Radionuclides into the Urban Environment. First
Report of the Vamp Urban Working Group.
(IAEA-TECDOC-760), (1994).
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Abstract

LOSS AND RECOVERY OF RADIATION SOURCES IN INDIA.
Loss of radioisotope sources occurs as a result of the violation of safe work practices and

non-compliance with rules and guidelines. The main causes are human error, negligence in source
handling and storage as well as mismanagement and lack of supervision. The failure to adequately
supervise and manage leads to a breakdown in communication and differences among workers,
supervisors and managers. Recovery of lost sources is generally a tedious task. In India, apart from
the efforts of the user institution, a team of scientists from the Bhabha Atomic Research Centre
(BARC) undertakes searches and supervises recovery operations. Sources have been lost in
brachytherapy and nuclear medicine departments of hospitals and in industrial institutions. For
brachytherapy source losses, "hospital garbage, dustbins, passages and lifts were the main targets for
searches. While gamma ray and neutron sources could be traced for the most part, pure beta ray
sources, such as Sr-90 used in ophthalmic applicators or as check sources, could not be recovered. In
industrial radiography, the search for sources was more problematic, especially when the sources
were stolen or lost in transport. Lost materials could not be traced in only two out of eleven instances
of loss of Ir-192 sources since 1986. In a separate incident, sources which had been stolen were found
in a deep river: this necessitated an elaborate fishing operation at a cost of some US$ 100 000. Each
occurrence provided lessons calling for the introduction of new control measures.

1. INTRODUCTION

Radiation sources find extensive uses in medicine, industry, agriculture and research.
In medicine, radionuclides are used for both diagnostic and therapeutic purposes involving
quantities ranging from a few tens of kBq (microcuries) to several hundreds of TBq
(kilocuries). In industry, hundreds of radiographic exposure devices, together with several
thousand nucleonic gauges and allied equipment, are in use for non-destructive testing and
other purposes. By comparison, the quantities used in agriculture and research are small.
Apart from incidents of spillage during the handling and transport of radiation sources in
liquid form or of equipment malfunction leading to overexposure to personnel, radiation
source losses have also occurred in India. There are more than 220 medical institutions which
make use of radiation sources for radiotherapy and nuclear medicine in India [1]. In addition,
over 350 industrial institutions use various types of radiography cameras and gauging
techniques.

Radiation protection activities are well organized in India and no source can be
obtained without an authorization from the competent national authority. The Bhabha Atomic
Research Centre (BARC) ensures planning of radiation installations, availability of
appropriate infrastructure including trained staff, equipment, storage and handling facilities
prior to authorization, issuance of certificate of transport for radiation sources and disposal of
used radioactive sources. In the same vein, BARC carries out precomrnissioning surveys,
surprise checks, quality assurance, type tests and performance tests in all institutions which
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use radioactive sources. Each institution submits a periodic status form which includes the
relevant inventory, quantity and particulars of the radioactive sources it uses.

2. LOSS AND RECOVERY OF SOURCES

A significant number of source losses have occurred in industrial radiography, in the
nucleonic gauge sector and in medical applications such as brachytherapy and nuclear
medicine. Although all these instances are due to violations of safe work practices and non-
compliance with rules and guidelines, the exact reasons vary according to the different
practices. In nuclear medicine, losses of sources are due to transport problems. Tiny
brachytherapy sources of an activity of up to a few hundred MBq are lost mainly due to
human error and negligence in handling and storage. In industrial radiography, sources with
an activity of up to a few TBq are lost due to theft, unsafe storage, security problems, disputes
between staff and management, improper handling by untrained or uncertified workers, lack
of supervision, improper maintenance of equipment and unauthorized transport.

In India, on receipt of information on a loss of source and after it has ascertained the
history of usage and movements of the source, a BARC search team equipped with extremely
sensitive and high-range radiation monitors combs all the locations where a source may have
been left. If necessary, a police complaint is lodged describing the nature and attendant
hazards the source may cause to a potential finder. The print and broadcast media are also
approached to timely convey to the public a message calling for their co-operation in
recovering the missing source. When an industrial source is missing, scrap metal shops are
searched since the heavy container or the equipment is sold as scrap. Managements of nearby
hospitals are taken into confidence and requested to report to BARC any cases of radiation
injury.

2.1. Loss and recovery of sources used in nuclear medicine

In nuclear medicine, radioactive sources are used in liquid form and hence, the cases
of spillage during handling and use are not uncommon and may remain unreported. However,
when sources dispatched by a supplier fail to reach their intended users, the cases are reported
and come to knowledge for investigation. Three such cases are summarized in Table I [2]. As
can be seen, in all three cases the losses were determined to be due to negligence on the part
of the courier or theft by persons having no knowledge of radiation nor of the significance of
the radiation symbol. All nuclear medicine departments were under instructions to use the
hospital vans for transporting source packages between the airport and the institutions, and
not to use public transportation. It must be noted that radioactive materials can be transported
only in appropriate packaging of prescribed design and that efforts are constantly being made
to enhance public awareness programmes on the hazards of handling radioactive sources.

2.2. Loss and recovery of brachytherapy sources

Sources used in brachytherapy include small sealed sources such as needles, tubes and
seeds or grains to be used in implants [3]. The use of discrete sources requires strict
adherence to procedures for source handling, preparation, transport, storage and inventory.
Most source losses are due to human error and negligence. Table II describes occurrences of
this kind in India [2]. In two instances the sources were pure beta sources and could not be
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traced despite the best efforts deployed — obviously due to the limited range of beta
particles. On two other occasions, it was not possible to recover the gamma ray sources: in
the first event a 92.5 MBq Cs-137 needle was erroneously discarded in the dustbin of the
brachytherapy department and sent to the municipal garbage and in the second, a 50 mg
radium tube was lost. In all of the other cases the sources were recovered. Each loss of a
source resulted in the strengthening of radiation protection measures. Maintenance of a log
book indicating the inventory of radioactive sources and their movements, records indicating
all the details of periodic radiation protection surveys and the submission of an annual status
form were made mandatory for each medical institution using radioactive sources.

TABLE I. LOSS AND RECOVERY OF NUCLEAR MEDICINE SOURCES IN INDIA

Year

1988

1988

1989

Source and
activity

1-131, 925 MBq

RIA kit, 1-125,
185 TBq, 7 vials

TC-99m 5.55
GBq, 1-131, 9.25
MBq

Nature of incident

Loss of source
package during
transit between
airport and hospital

Package was found
opened at the airport
and source was
missing

Loss of source
package during
transit between
airport and hospital

Probable cause

Negligence on the
part of the courier

Theft

Negligence on the
part of the courier

Action taken

Scientist from
BARC retrieved
the package from
a public transport
(bus), no
tampering was
observed

Airline was
asked to trace the
package

Packages were
recovered by
police from a
thief, sources
were undamaged

2.3. Loss and recovery of sources used in industrial radiography

Implementation of radiation protection in industrial radiography is a difficult task.
This is because most institutions are private concerns with a high turnover of operating staff.
In the past, competition between them resulted in rivalry. In addition, there had been cases of
disputes between workers and management. All radiography sets are used in adverse
conditions. Radiography is performed in the open at night and at remote sites. In situ testing
of joints which are situated at great heights and in inaccessible positions requires the
occasional by-passing of radiation safety norms. Additionally, radiography equipment is also
moved frequently in the public domain. Out of 11 instances of loss or misplacement of
Ir-192 sources (activity ranging from 20 to 300 GBq) since 1986 [4], it was not possible to
trace the sources in only two. These two instances are included among the eight events
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summarized in Table III [2]. In most cases, the motive for the incident was the theft of
cameras due either to rivalry between the institutions or to disputes between the workers and
owners/managers.

TABLE II. LOSS AND RECOVERY OF BRACHYTHERAPY SOURCES IN INDIA

Year Source and activity Nature of incident, probable cause Status and action taken

1986

1986

1986

1986

1987

1987

1988

1988

1990

1990

444 MBq Co-60 Loss of Co-60 tube, cause not
tube known

481 MBq Co-60 Loss of Co-60 tube, internal
tube transportation

2 mg radium needle Needle stuck in the drawer of the
safe, human error in handling

3 Co-60 needles, Loss of needles, cause not known
each 111 MBq

Cs-137 needle, 92.5 Loss of one needle: the needle was
MBq removed from the patient, left in a

temporary storage and was thrown
into garbage

Sr-90 check source, Loss of source, improper record
370 MBq keeping and negligence

Radium tube 50 mg Loss of source, cause not known

Ophthalmic
applicator, Sr-90,
1.85 GBq

Loss of source, auctioned along
with scrap

Radium needle 10 Loss of source, cause not known
mg

Ovoid sources, Co- Loss of sources, negligence on part
60, 3 x 133.2 MBq of staff handling sources

Recovered from garbage
located 200 m from patient
ward

Recovered from the service
lift

Recovered and sealed in a
glass bottle. Source was
disposed of

Only one needle could be
recovered

Not recovered, instruction
issued for keeping an
inventory of each and every
source and monitoring of
garbage

Source could not be
retrieved

Source could not be
retrieved

During a routine survey
BARC team found
applicator missing, source
presumed to have gone to
municipal dump and could
not be traced

Retrieved from mould room
of hospital

Recovered two sources
from a gutter at a distance
of about 175 m while one
source was retrieved near
the L-bench
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2.4. Incidents with industrial nucleonic gauges

Loss of sources from nucleonic gauges was generally due to mechanical failures. In
most cases of well logging operations, the sources were located easily and the wells were
either plugged with cement or abandoned. As shown in Table IV [2], it was not possible to
locate the sources in one case only and this appeared to be due solely to negligence on the
part of the user institution. The last item of Table IV is a recent event (1993) and is described
in further detail below.

TABLE III. LOSS AND RECOVERY OF SOURCES IN INDUSTRIAL RADIOGRAPHY

Year Equipment/source
and activity

Nature of incident and action taken Probable cause/causes

1986 IRC-2, Ir-192, 93
GBq

1986 Ir-192,19 GBq

1987 IRC-2A, Ir-192,
292 GBq

1987 IRC-2A, Ir-192, 65
GBq

1988 IRC-2A camera,
with Ir-192, 74
GBq

1989 IRC-2A, Ir-192,
148 GBq

1989 IRC-2A camera,
with Ir-192, 111
GBq

1989 IRC-2A camera,
with Ir-192, 148
GBq

Source pencil in lead recipient
inside a bag lost during transport in
a train; recovered

Source pencil in a lead recipient
stolen and transported in a bus; not
recovered

Source pencil in lead recipient
stolen from the storage room;
recovered next day from a pond

Lead recipient stolen along with
source pencil and found buried
inside a religious premise

Source pencil left at the site in lead
recipient unattended, stolen along
with lead recipient, found inside a
wall of stacked stones 30 m away;
appears to be case of rivalry

Source pencil stolen together with a
2 m long manipulator rod, found in
a scrap shop; three individuals in
shop were medically examined

Source pencil lost during open field
radiography, could not be traced;
appears to be case of rivalry

Room broken into and source
pencil stolen. Could not be traced;
appears to be case of rivalry

a) Improper transport
b) Violation of safe work
practices

a) Improper transport
b) Violation of safe work
practices

Inadequate security
arrangement for storage
room

a) Violation of safe work
practices
b) Improper storage

a) Negligence of entity in
charge of site
b) Improper work practices

a) Negligence of
radiographers and entity in
charge of site
b) Improper work practices

a) Negligence of staff
concerned
b) Improper work practices

a) Improper source storage
b) Negligence of the entity
in charge of site

2.4.1. Recovery of three lost sources used in well logging

In a recent incident (1993) [4], three radioactive sources consisting of two americium
beryllium neutron sources of 685 GBq and 18.5 GBq and one caesium-137 source of 55 GBq
were allegedly stolen from the premises of a company engaged in oil logging operations. On
the first information report, a team of scientists from BARC visited the company and started a
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TABLE IV. INCIDENTS INVOLVING INDUSTRIAL NUCLEONIC GAUGES

Year Equipment/source and Nature of incident and probable Action taken
activity cause

1986

1986

1987

1987

1989

1989

1990

1993

Well logging tool, Cs-
137, 74 GBq

Well logging tool, Cs-
137, 74GBq,Am-Be,
740 GBq

Well logging tool, Cs-
137, 74 GBq

Well logging tool,
Am-Be, 740 GBq

Thickness gauge, Am-
241, 2 x 92.5 GBq

Well logging tool, Cs-
137, 74 GBq, Am-Be,
740 GBq

Density and neutron
tool, Cs-13 7, 74 GBq,
Am-Be, 740 GBq

Sources used in well
logging:
1. Am-Be, 685 GBq
2. Am-Be, 18.5 GBq
3. Cs-137,55GBq

Detachment of source from tool

Density tool got detached due to
key seating

Tool stuck at a depth of 3372 m

Tool got detached and fell into
well

Out of 21 procured sources, 2
determined to be missing

Tool stuck at a depth of 2425 m

Tool stuck at a depth of 3855 m

Theft of sources due to dispute
between management and staff.
Sources thrown into river

Well plugged with cement

Well casing at shallow
depth gave way, well
abandoned

Fishing operation to retrieve
the source failed

Well cemented

Sources could not be traced;
warning issued to institution

Attempts to fish out the
source failed, well cemented

Could not reach tool due to
collapsing of the well, well
abandoned

Extensive survey failed to
trace sources. Police
assistance sought and
culprits arrested. Sources
found embedded in river
and fished out

search operation using extremely sensitive instruments. The team covered every conceivable
area including nearby villages, open areas around office premises, scrap shops and municipal
dumps. None of the surveys indicated any trace of radiation or excess radioactivity in these
areas. Help of the crime branch of the police was then sought and culprits were arrested. The
suspects reported to have thrown the source (contained in a cloth-lined envelope) in a nearby
river. The survey team obtained clear indications of increased radiation levels in a specific
area beneath the bed of the river. The team suspected that the sources were lying at a depth of
2.5 m below the bottom of the river. Based on the radiation level observed, a steel tube of a
diameter of 1.5 m and length of 5 m was lowered with the help of a crane to the location
where the sources were most likely to be buried. Because of the extremely slushy nature of
the river bed, retrieval of the sources was not possible. After analysing the area, the team of
experts came to the conclusion that it was necessary to confine the sources within an earthen
embankment. The construction of an embankment was undertaken and after prolonged and
tedious efforts, all the sources were recovered from the river. The integrity of the sources was
established by appropriate tests. Measurement of radioactivity of the sediment in the region
showed that no leakage of radioactivity had occurred and that the sources were intact. The
external radiation exposures to persons involved in the incident were also well within the
dose limits. It was noted that even if these three radioactive sources had been left behind in
the river, they eventually would have disintegrated and mixed in the river and sea water: no
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significant radiological impact could have arisen out of this situation. In fact, even under the
most pessimistic assumptions, the radiation dose an individual might have received from such
an eventuality was estimated to be much less than one per cent of the background natural
radiation one unavoidably is exposed to by merely living in any place in India. The cost of
recovery was estimated to be US$ 100 000, and was borne by the company whose
responsibility it was to safeguard these radioactive sources. Much of the amount was spent on
building an earthen coffer dam across a portion of the river.

3. CONCLUSIONS

Incidents with sources brought out the need for re-examining the security aspects of
all radioactive sources used in the country, mainly in the industrial and medical sectors. New
measures were initiated to overcome the problem of loss of sources. The companies
concerned were asked to assume principal responsibility for safeguarding the radioactive
sources used by their subcontractors. The presence of a qualified Radiation Safety Officer,
trained staff and periodic inventories with full details of sources were made mandatory for all
institutions. Additionally, a phasing out was initiated of radiography cameras where sources
were not coupled. A continuous re-evaluation of the systems and practices in this regard is
part of an ongoing programme of imposing strengthened measures.
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Abstract

THE CONTROL OF RADIOACTIVE SOURCES IN BRAZIL.
The radiological accident of Goiania in 1987 brought to light several deficiencies in the

licensing of medical, industrial and research facilities which handle radioisotopes, as well as in the
control of radioactive sources in Brazil. The article describes some of the technical and
administrative measures taken to ensure the adoption of appropriate radiological safety standards
throughout the country and thereby reduce the incidence of radiological accidents.

1. INTRODUCTION

Through its Co-ordination of Radioactive Facilities section, the Licensing and Control
Superintendence of the Brazilian Nuclear Energy Commission (CNEN) is responsible for (i)
issuing licenses and permits covering the construction, operation and decommissioning of
radioactive facilities; (ii) authorizing the purchase, import and export of radioactive materials,
as well as their transfer from one facility to another; (iii) certifying the qualification of
radiation protection supervisors and (iv) registering all professional staff who prepare, use
and handle radioactive sources in Brazil.

In 1997, there were approximately 2300 facilities registered at CNEN, 70% of which
operated in the south-eastern region. However, since the use of nuclear techniques is growing,
the number of facilities utilizing radioisotopes in medicine, industry and research is expected
to increase in other regions as well, thus demanding effective actions from CNEN in order to
control radiation sources and radiological procedures.

2. RADIOLOGICAL SAFETY OF RADIOACTIVE FACILITIES

The geographical distribution of the radioactive facilities in the period between 1995
and 1997 can be seen in Table I [1]. The need to give priority to the revision of the licensing
procedures for radioactive facilities brought about the regularization of the procedure for
issuing authorizations for operation, as shown in Fig. 1. The frequency of the inspections at
these facilities was based on the respective categories of risk, as established in the
recommendations of the International Atomic Energy Agency (IAEA). The renewal of the
authorizations for operation also complies with the periodicity recommended by the IAEA
[2]. Although services of industrial radiography were formally authorized in the 1980s,
operating permits have been limited by operational capacity since 1996, depending on the
instrumentation and the qualified staff available, according to the criteria established by a
specific regulation [3]. The adoption of this criterion resulted in a reduction of authorizations
for the purchase of radioactive sources by companies lacking qualified personnel or calibrated
instrumentation.
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TABLE I. GEOGRAPHICAL DISTRIBU-
TION OF MEDICAL, INDUSTRIAL AND
RESEARCH FACILITIES IN BRAZIL

Region
North
North-east
South-east
South
Mid-west
Total Brazil

1995
35

234
1485
270

91
2115

1996
39

264
1575
302
104

2284

1997
38

263
1599
304
102

2306

It was also observed that, in December 1994, nearly 60% of the authorizations issued
to researchers had expired; this could be interpreted as a cessation of the activity with
radioisotopes without notification to CNEN. The researchers' registrations were then
renewed, following the recently revised specific Regulation [4], but were restricted to the
attachment to any registered laboratory, as the procedures of radiological protection being
established for the whole of the institution. Between 1995 and 1997, approximately 500
research laboratories were registered. The qualification of all specialists in radiotherapy was
checked at the Brazilian College of Radiology, which has the authority to issue the
certifications required for the exercise of this profession.

400
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FIG. 1. Authorizations issued and inspections in industrial, medical and research facilities in 1997.
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According to the Basic Directives for Radiological Protection of Brazil, the presence
of at least one Supervisor of Radiological Protection is obligatory in all nuclear or radioactive
facilities [5]. In 1995, the obligation to revalidate every five years all issued certificates of
qualification was adopted through the revision of the specific Regulation for the Certification
of Supervisors of Radiological Protection [6]. In terms of regulatory control, this requirement
shall produce a more appropriate evaluation of the performance of these professionals
through the adoption of a specific methodology. In practical terms, the implementation of the
Regulation on certification implies the immediate revalidation of approximately 1200
certificates issued in the period between 1978 and 1995.

3. NATIONAL INVENTORY OF RADIATION SOURCES

The physical control over the radioactive sources operated in the country is
guaranteed through (i) the filing of the inventories periodically sent by the users; (ii) reports
on the inspections and auditing of accounts; (iii) issued authorizations and (iv) balance sheets
on the allocation of radioactive material, provided by the companies dealing with these
materials. Consequently, the radiation sources are controlled after being filed in a constantly
updated data bank called National Inventory of Radiation Sources and of Radiological
Protection Equipment. It is thus possible to disseminate this type of information to several
Institutes, Districts and Regional Centres of CNEN, as well as to other regulatory authorities
(Ministry of Health, Ministry of Labour, National Health Inspectorate, Department of Health
of the States, Municipal Health Inspectorate Divisions, and others).

Until 1996, the import and export authorizations were issued with the aid of specific
forms. After the establishment of the Integrated System of Foreign Commerce —
SISCOMEX, CNEN became one of the approving institutions of the System. The

authorizations are issued by way of a computer terminal installed at CNEN headquarters
which allows greater flexibility and debureaucratization of this activity. The radioactive
material is immediately tallied and the user provides, later on, the identification data
(manufacturer, serial number, initial activity and date of activity) to update the file. It must be
noted that the import rate increased in 1997, as illustrated in Fig. 2 [7].

94 95 96 97

• Radioactive materis! import SPurchase o" internal market CDGenerai import of proc-cts

FIG. 2. Purchases of radioactive sources in Brazil.
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TABLE II. INVENTORY OF RADIOACTIVE
SOURCES USED IN NUCLEAR GAUGES

Source

Am
Am/Be-241
Cm-244
Co-60
Cs-137
Fe-55
Kr-85
Pm-147
Pu/Be-238
Sr-90
Total

Quantity

381
50
11

321
1456

20
178
20

1
411

2849

Activity (Ci)

102.4
113.6

4.7
56.4

821.1
1.4

90.0
8.9

42.3
5.3

1246.1

TABLE III. INVENTORY OF RADIO-
ACTIVE SOURCES USED IN BRACHY-
THERAPY

Source

Co-60
Cs-137
Ir-192
Ra-226
Sr-90
Total

Quantity

13
2424

98
748
258

3541

Activity (Ci)

9.7
384.9
558.0

19.6
12.5

984.7

TABLE IV. INVENTORY OF COBALT-60
SOURCES USED IN TELETHERAPY

Model

Gammatron
Eldorado
Theratron
Alcyon
Phoenix
Other
Total

Quantity

28
21
50

7
6

13
125

Activity (Ci)

104.3
100.2
323.2

31.0
53.0
34.0

645.7

In the industrial sector, 341 facilities operate some 3000 nuclear gauges. In the field of
industrial radiography, 130 firms operate 207 radioactive sources of iridium-192,
manufactured by IPEN, which is an institute of CNEN in Sao Paulo, as well as 27 sources of
cobalt-60. The three large scale irradiators located in the state of Sao Paulo operate with
approximately three millions curies of cobalt-60. Nearly 3500 radioactive sources for

* 1 curie = 37 Gbq.
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brachytherapy and 125 units using cobalt-60 are operated in 200 radiotherapy facilities. The
inventory of radioisotopes and the activities of sources used in nuclear gauges, brachytherapy
and teletherapy are shown in Tables II, III and IV, respectively. It is worth mentioning that
the use of radiopharmaceuticals in Brazilian institutions of nuclear medicine has increased
significantly in recent years. Since the revision of the specific regulation in 1995 [8],
authorizations for operation are issued with the specification of the maximum activity
allowed for each practice, in accordance with the criterion of making the facilities compatible
with the number of patients per practice, as well as with the approved plan for the facilities.
Adequate nuclear instrumentation, which is duly calibrated according to the periodicity
established by the regulations, is necessary in order to safely operate radiation sources.

The Institutes belonging to CNEN report annually all the data of the instruments they
calibrate. The expansion of services of calibration of nuclear instrumentation has not kept up
with the growing production and importation of radioactive sources. The demand for
calibrated instruments (close to 2500 annually, by industrial and medical facilities), points up
the need to expand the number of this type of laboratories [8].

4. CONCLUSION

Considering the growing use of radioisotopes in Brazil and the need to guarantee the
radiological safety of medical, industrial and research facilities, the standardization as well as
the disclosure of the procedures adopted by all branches of CNEN covering the control of
radiation sources were defined as priorities. Guidebooks on how to draw up the Safety
Analysis Reports and all other essential information directly aimed at guiding the users are
available on Internet, conferring transparency on the processes of licensing and control.

The project of data management, developed together with CNEN's Superintendence
of Computation, makes it possible to form a corporate data bank containing all the parameters
needed for the evaluation of the System of Radiological Safety. In the near future, besides
taking into consideration the inventory of radiation sources, nuclear instrumentation and the
registration of professionals, the performance of radioactive facilities will be evaluated in
terms of individual and collective doses and the adequacy of the instrumentation and
qualification of personnel, based on the verified efficiency of the inspection programme.
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Abstract

PROBLEMS IN THE UNITED STATES WITH CONTROL OF RADIOACTIVE SOURCES.
In the United States, close to two million radioactive sources and devices are used which

contain radioactive materials regulated under the Atomic Energy Act, as amended. Each year, some
200 of these are reported lost, stolen or abandoned. As a result, radioactive sources have entered the
public domain in an uncontrolled manner and become potential sources of radiation exposure and
contamination. The US steel manufacturing industry, for example, has been put at risk as a result of
radioactive sources becoming mixed with ferrous scrap metal intended for recycling. On 18
occasions, radioactive sources have been accidentally melted by US steel mills resulting in radiation
exposures of mill workers and contamination of the mill and mill products and by-products. The
average resulting cost to a steel mill operator has been US $10 million but individual mill cost has
been as high as US $23 million. Each year, of the 200 radioactive sources reported lost, about eight
emerge in scrap metal received by steel mills. Unfortunately, 1 to 2 escape detection and are
subsequently melted in furnaces. To date, the annual risks for a US steel mill have been about 1 in 16
for discovering a radioactive source in metal scrap and about 1 in 100 for accidentally melting a
source.

1. INTRODUCTION

In the United States, much concern has been expressed by the metal recycling
industries about unwanted radioactive materials, principally radioactive sources and devices
containing radioactive materials, in metal scrap [1]. The following is a preliminary analysis of
the risk that has been faced by the segment of the recycling industry that has been most
adversely affected by this problem, US steel manufacturers, in the period from 1994 to June
30, 1997. The analysis is based mainly upon data derived from a database on radioactive
materials reported found in recycled metal scrap and which is maintained by Yusko [1, 2].
This database includes data on the steel manufacturing industry dating from 1983. However,
the 1994-June, 1997 time frame was selected as the most representative of recent experience
by the US steel manufacturing industry. Information on the US steel manufacturing capacity
was provided by the American Iron and Steel Institute (AISI) [3].

The analysis relates only to radioactive materials subject to the Atomic Energy Act of
1954, as amended ("AEA materials"), to ferrous metal scrap, and to the US steel
manufacturing industry. AEA materials comprise only half or so of the radioactive sources
and devices found in all metal scrap, with radium constituting most of the remainder [2]. In
the United States, radium is not subject to licensing by the United States Nuclear Regulatory
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Commission (USNRC) although it is licensed or otherwise regulated by most of the states.
The 18 reported meltings of radioactive materials by US steel manufacturers have involved
AEA materials. Thus, their concerns are directed primarily at the USNRC; the present risk
analysis focuses on AEA materials.

This analysis is preliminary and has not been subject to independent review.
Accordingly, it should be used with appropriate caution.

Disclaimer — This paper does not represent agreed-upon staff positions of the NRC
or the Pennsylvania Department of Environmental Protection, nor have these agencies
approved the technical content.

2. RISKS

There are 128 steel manufacturing mills in the US operating furnaces that use ferrous
scrap, i.e., electric arc furnaces and basic oxygen furnaces. These steel manufacturers
represent the bulk of the US steel-manufacturing capacity and consumption of ferrous scrap
for the fabrication of steel.

There are close to 2 million licensed sources and devices containing AEA materials in
the United States, of which 1.5 million are held under NRC and Agreement state general
licenses [4]. Another 800 000 are estimated to be held under US NRC and Agreement state
specific licenses [5]. Given the uncertainties of these estimates, the total is rounded off to one
significant figure, namely, 2 000 000.

According to the NRC, every year, some 200 AEA sources and devices are reported to
the NRC or the Agreement states as lost, stolen or abandoned [6]. This represents a 10"4 loss
rate.

This figure, however, is probably not the true lost rate. Licensees who report losses of
licensed material must know that a) they possess licensed material, b) the material has been
lost or stolen, c) there are requirements to report the loss and d) they make the report. If any
one of these conditions is not met, then the USNRC or the Agreement state does not get a
report. Since most general licensees are not routinely inspected (and they possess three-
quarters of the sources), there is no regulatory programme backup to identify unreported
general licensee losses.

Each year, some 8 AEA sources or devices are reported found in metal scrap or
melted by US steel manufacturers (Table I). This means that 4% or so of the AEA sources
and devices reported lost by licensees are discovered by US steel makers.

Additionally, each year, roughly 9 sources or devices containing radium are found in
metal scrap received by US steel mills. Other sources containing AEA and other radioactive
materials, or unidentified sources, are also found by metal scrap processors.

The annual risk that an AEA source or device will be in metal scrap received by a US
steel manufacturing mill has been nearly 1 in 16, based on an annual rate of 8 AEA sources
and devices found by 128 US steel mills over a period of 3.5 years.

The annual risk that an AEA source or device will not be detected and consequently
will be melted by a US steel mill has been close to 1 in 7. The derivation of this risk is as
follows: it is believed that most, if not all, of the steel manufacturers in the US perform
radiation monitoring of incoming ferrous scrap. Over the period 1994—June 30, 1997, 24
AEA sources of material were detected and 4 AEA sources were melted (i.e., were not
detected) by US steel mills — a ratio of 1 to 7.

As a result, there has been a annual risk approaching 1 in 100 that each US steel mill
will melt an AEA source or device. This risk factor was derived as follows: in the time period
1983 to June 30, 1997, there were 18 meltings of AEA material by US steel mills [2]. For a
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population of 128 steel mills, this works out to a 0.010 or a 1 in 100 risk. However, not all
steel mills were performing radiation monitoring of incoming ferrous scrap during this
period, especially in the early years. For the period under review, 1994 to June 30, 1997,
there have been 4 meltings of AEA material, which represents a similar risk of 0.00893, or 1
in 112.

TABLE I. AEA MATERIALS FOUND IN METAL SCRAP
BY US STEEL MANUFACTURERS

Year

1994

1995

1996

1997a

Totals

AEA
materials

found but not
melted

8

6

6

4

24

AEA
materials
melted

2

0

0

2

4

Total AEA
materials

10

6

6

6

28

- Through June 30, 1997

3. DISCUSSION

For a US steel mill, the 10"4 annual rate of loss of licensed AEA sources and devices
results in an annual risk of 10"2 of melting an AEA source or device. Although this annual
loss rate of AEA radioactive sources and devices appears to be relatively low, the large
population of sources and devices results in a relatively large number of sources and devices
lost each year, a situation that the International Atomic Energy Agency (IAEA) had called
attention to [7].

US steel manufacturers who have melted AEA materials have suffered multimillion
dollar losses resulting from the costs of decontaminating their mills, waste disposal and mill
downtime. The Steel Manufacturing Association has reported average losses for its members
who melted AEA material of US $10 million and, in one case, a cost to the mill operator of
US $23 million.

US steel manufacturers have also invested in the installation of systems to detect
radioactive sources in metal scrap. Technical improvements in these systems have enhanced
their effectiveness. Nonetheless, while metal scrap radiation detection systems are very
sensitive and clearly provide a significant degree of protection, (i.e., 24 avoided meltings in
the 1994-June 30,1997 period), they cannot provide a blanket, 100% protection.

CONCLUSIONS

Every year, some 200 AEA sources and devices are reported lost, stolen or
abandoned; 8 sources or so will show up at US steel manufacturing mills and 1 to 2 will
escape detection and be melted.
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As a result, during the period 1994-June 30, 1997, each of the 128 US steel
manufacturing mills faced the following risks:

- an annual risk of close to 1 in 16 of finding an AEA source or device mixed with
metal scrap received for recycling;

- an annual risk of close to 1 in 7 that the AEA source or device would not be
detected by radiation monitoring of the scrap and would end up being melted in a steel
manufacturing furnace, and

- an annual risk of close to 1 in 100 of melting an AEA source or device in a steel
manufacturing furnace.

The financial impact on the steel manufacturing industry in the United States resulting
from lost radioactive sources becoming accidentally melted in furnaces used for the
fabrication of steel is significant. Thus far, in this country, radiation exposures of workers and
the public resulting from such events have been minimal. Nevertheless, it must be
remembered that there is always a risk of serious radiation exposure when a licensed source
enters the public domain in an uncontrolled manner, such as by becoming mingled with metal
scrap destined for recycling.

In its report on the radiological accident in Goiania, Brazil, the IAEA observed that
the accident "bears out a cardinal rule of radiological protection, namely that the security of
the source is of paramount importance" [8]. Primary responsibility for radiation safety,
including security of a radiation source, lies with the licensee. However, it is also recognized
that actions by regulatory authorities can influence the overall performance by licensees with
respect to this responsibility. In the United States, the Steel Manufacturers Association is on
record as advocating regulatory changes by the USNRC to improve the control and
accountability of AEA sources by licensees, a recommendation that was also made by
USNRC staff in a 1996 report [4]. USNRC staff have been directed by the Commission to
develop regulatory options in this connection and to submit them for consideration [9].
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Abstract

THE REGULATORY CONTROL OF IONIZING RADIATION SOURCES IN LITHUANIA.
The Radiation Protection Centre of the Ministry of Health is the regulatory authority

responsible for radiation protection of the public and of workers using sources of ionizing radiation
in Lithuania. One of its responsibilities is the control of radioactive sources, which includes keeping
the registry, investigating persons arrested while illegally carrying or in possession of radioactive
material, decision making and control of users of radioactive sources. The computer based registry
contains a directory of more than 24 000 sources and some 800 users in research, medicine and
industry. Most of these sources are found in smoke detectors and X ray equipment. The potentially
most dangerous sources for therapy and industry (sealed and unsealed) are also listed in this registry.
Problems connected with the regulatory control of radioactive sources in Lithuania are presented and
their solution is discussed.

1. INTRODUCTION

Lithuania, with an area of 65 000 square kilometres and a population of 3.8 million,
uses sources of ionizing radiation in research, industry and medicine, as do many other
countries. The Radiation Protection Centre (RPC) of the Ministry of Health exercises the
regulatory control of these sources.

The centre is responsible for the radiation protection of the public and of workers who
occupationally use sources of ionizing radiation in Lithuania. Areas such as the creation of
legislation on radiation protection, control of practices and users of sources of ionizing
radiation, personal dosimetric control, control of foodstuffs and building materials, control of
indoor radon are covered by the activities of centre. The regulatory control of sources is one
of the principal responsibilities of the RPC.

2. DISCUSSION

The control of sources of ionizing radiation consists of several steps. While a primary
inventory is kept by the users of sources, periodic inspections are carried out by the officials
of local public health centres. The functioning of dosimetric and radiometric equipment,
personal dosimetry control, medical examinations of workers and the security of sources are
reviewed during these inspections. These reviews help to determine whether users are
following the conditions stated in their licences. Currently, so-called 'hygienic passports' are
being issued in Lithuania pending the adoption of new radiation protection legislation. The
'passports' contain the following information: name and address of the source user; person
responsible for the source; type of source; activities carried out and location of the source;
duration of validity of the 'passport'. This data is communicated to the RPC.

The centre has a computer based, regularly updated inventory of sources which uses
the Fox-Pro code. The sources are classed according the following three conditional

195



categories: X ray machines, sealed sources and unsealed sources. Separate databases are kept
for each category, and one database is specifically dedicated to sources which have been
disposed of.

The use of sources of ionizing radiation decreased radically in the early 1990s owing
to economic problems. At present, obtaining information about the frequency of usage of
these sources can be complicated, because in. some cases sources have simply been stored:
indeed, some companies are unable to pay the fees charged for the disposal of their sources.
Bearing these cases in mind, the RPC has initiated fund raising and taken steps to centralize
the disposal of sources. Information is currently being collected in order to estimate the extent
of this practise.

The registry of sources contains information on the total inventory of sources, as well
as all 'hygienic passport' numbers and dates of expiry. Table I summarizes the data contained
in the registry.

The following information, depending on the type of source, is kept in the registry:

• X ray machines: the name and address of the user, name of person responsible for the
source, type of equipment, serial number, date of production, name of controlling
institution;

• sealed sources: the name and address of the user, name of person responsible for the
source, type and serial number of the equipment and, if available, of the block
containing the source, type and serial number of the source, radionuclide of the
source, type of radiation, date of production of the source, name of controlling
institution;

• unsealed sources: the name and address of user, name of person responsible for the
source, name of source, radionuclide, activity of one package, number and total
activity of packages received within the last year, remainder for the following year,
annual demand, name of controlling institution.

While the information on sources is extensive, it is sometimes incomplete. There are
sources with unknown serial numbers, manufacturer and date of production. In some cases,
an only approximate activity is known for a given source. Many problems arise with old
sources, especially those of Soviet manufacture.

TABLE I. INVENTORY OF SOURCES OF IONIZING RADIATION IN LITHUANIA

Area of activities

Research

Teaching

Medicine

Industry

Miscellaneous

Total

Number of users

26

541

14

132

109

817

X ray units

48

1151

26

146

44

1415

Number of sources

Unsealed

58

30

5

2

95

Sealed

466

176

193

18 615

5338

24 828
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With 19 555 units registered, smoke detectors represent the largest share of the
inventory. Smoke detectors containing Pu-239 are registered by the Lithuanian Nuclear
Power Inspectorate as nuclear materials. Owners of any kind of smoke detector are required
to register their source. These sources are controlled once a year.

New problems have arisen with companies which sell smoke detectors. A temporary
decision has been taken on their regulatory control: in the future these companies will
probably be obliged to notify the RPC and to obtain licenses to sell this kind of source.
Sellers will be required to inform the Centre whenever the number of sources sold per
consumer exceeds a specific number (more than five, for example). Additionally, a
commitment to dispose safely of a high number of sources will be required. Although the
precise conditions to be met by companies selling smoke detectors still have to be finalized,
the main principle behind them is that companies will have to set aside the funds necessary
for the safe disposal of used sources.

The potentially most dangerous sources are used in therapy and industrial radiography
and until now, their use and safety have been controlled once a year. The information held by
local public health centres about such sources is as extensive as possible. However, since
inspections on a yearly basis are not sufficient, the centres have been required by the RPC to
carry out at least two inspections per year. Information currently being collected on these
sources is to be included in the more detailed questionnaire and preliminary safety assessment
developed by the IAEA.

The rules on the transportation of radioactive sources specifically prohibit the
unauthorized use of a source. Whenever a source is to be transported, the user must obtain a
transportation permit issued by the Ministry of Environmental Protection. The application for
this permit is to be cleared by the Ministry of the Interior and the RPC. The centre approves
this application on the basis of the information recorded in the 'hygienic passport' obtained
from the local public health centre. These institutions work closely with the Lithuanian
Border Police and Department of Customs.

Despite the existence of regulations to this effect, problems relating to the illegal
transportation of sources of ionizing radiation have arisen. Because of its geographical
location, Lithuania is a country of transit for various kinds of traded products and although
facilities for dosimetric and radiometric control are available at some border checkpoints,
sources of ionizing radiation do get smuggled into Lithuania. For the most part, the items
introduced into the country are contaminated metals. These sources are investigated by means
of nuclear spectroscopy and X ray diffraction. Usually, to satisfy the concerns of public
opinion and the media, these sources are disposed of at the repository for low and
intermediate level radioactive waste, even if their activities do not exceed the levels of
exemption provided in the relevant legislation [1]. This problem needs the attention of the
regulatory body.

New radiation protection standards based on ICRP Publication 60 will perhaps help to
solve this and other problems. Currently it is difficult in certain cases to make decisions on
exemption and reutilization of sources. The Basic Safety Standard being created by the RPC
will describe clearly the procedure for exemption.

The IAEA is involved in radiation protection activities in Lithuania in the framework
of the Model Project for upgrading radiation protection and waste safety infrastructure. One
of the most important items of this project is the regulatory control of sources of ionizing
radiation. New software for databases, computers and training have been received to this
effect.
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3. CONCLUSIONS

1. In Lithuania, the inventory of radioactive sources is the basis for the regulatory control of
sources.

2. The inventory needs to be reviewed, taking special account of the principle of exemption.

3. Problems in the regulatory control of radioactive sources in Lithuania arise mainly with
inspections by users.

4. Special attention is to be paid to slightly contaminated materials.
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Abstract-Resumen

SEALED SOURCES IN PERU: ADVANCES AND OUTLOOK.
Cementation of spent sealed sources is performed by the Radioactive Waste Management

Group of the Peruvian Institute of Nuclear Energy (IPEN). The sealed sources are collected in
different areas of the country and brought to the RACSO nuclear centre, a national storage and
conditioning facility for spent sources from industry and medical institutions. In addition to its
amenities dedicated to research and the production of radioisotopes, the RACSO nuclear centre
features a complex of some 1.5 ha for radioactive waste management that includes an infiltration bed
and chemical treatment plant for liquid waste, compacting equipment and trenches for solid
radioactive waste, a tank for the elimination of biological residues and a temporary storage
emplacement for radioactive waste immobilized in cement cylinder casings. The steps described are
the unpacking, identification of spent sealed sources, placement of the source in shielding,
cementation, solidification, tagging and storage, as well as the actions taken to comply with the
appropriate measures of radiological protection.

FUENTES SELLADAS EN PERU: AVANCES Y PERSPECTIVAS.
El Grupo de Gestion de Residuos del Institute) Peruano de Energia Nuclear (IPEN) realiza la

cementacion de fuentes selladas en desuso. Las fuentes son transferidas desde diversos puntos del
pais al Centro Nuclear RACSO, linico centro nacional de almacenamiento y disposition de fuentes
selladas provenientes de usuarios nacionales de la industria y medicina, principalmente. Este centro,
ademas de sus instalaciones radiactivas para la investigacion y produccion de radisotopos, cuenta con
un area aproximada de 1,5 ha para la gestion de residuos radiactivos, en la que se encuentran: el
lecho de infiltration y la planta de tratamiento quimico para residuos liquidos; el equipo de
compactacion y trincheras para residuos radiactivos solidos; un cubiculo para elimination de
residuos biologicos; y un almacen temporal de residuos radiactivos inmovilizados en una matriz de
cilindro cementado. Las etapas que se exponen principalmente son: desembalaje, toma de datos
tecnicos, colocacion de la fuente con blindaje, cementado, curado, etiquetado y almacenamiento; asi
como la adoption de las medidas apropiadas de protection radiologica durante todo el proceso.

1.INTR0DUCCI0N

De acuerdo con las recomendaciones internacionales y la normativa nacional, las
fuentes selladas que nan devenido en desuso por el usuario deben ser transferidas a la
instalacion centralizada, que en el Peru es la Planta de Gestion de Residuos Radiactivos
(PGRR) ubicada en el Centro Nuclear RACSO, distrito de Carabayllo, a 40 km al noreste de
la ciudad de Lima.

El Centro Nuclear fue inaugurado en diciembre de 1989 y tiene entre sus instalaciones
radiactivas relevantes la Planta de Produccion de Radisotopos (PPR) y un reactor de 10 MW
de potencia, que por sus caracteristicas de investigacion y servicios generan residuos de baja
actividad y corto periodo de semidesintegracion, sin considerar el posible inventario del
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combustible gastado. Las fuentes selladas en desuso que se encuentran en la PGRR son
principalmente de mediana actividad y, por otro lado, de corto, medio y largo período de
semidesintegración.

Para afrontar este conjunto de residuos se tiene habilitada la Planta de Gestión, que
reúne lo siguiente, en una superficie de 1,5 hectáreas:

• Residuos biológicos: Cubículo a baja profundidad
• Residuos sólidos: Compactadora en cilindros

Tanques para almacenamiento temporal
Almacén temporal para fuentes selladas en desuso

• Residuos líquidos: Cisternas de decaimiento
Lecho de infiltración
Planta de tratamiento químico

2. FUENTES SELLADAS EN DESUSO

Son las fuentes radiactivas provenientes de usuarios nacionales que aplican la
tecnología nuclear y que requieren ser gestionadas después de cumplir su vida útil.

Estas se recepcionan en la Planta de Gestión para ser ubicadas en el Almacén
temporal (Fig. 1) previa cementación. Este tipo de gestión se produce bajo la modalidad de un
acuerdo de costos con el usuario, ya que involucra embalaje, transporte, inmovilización y
almacenamiento temporal [1]. El citado almacén tiene un volumen de 224 m3, cuyas
dimensiones son de 7 x 8 m de superficie y 4 m de altura.

FIG. 1. Vista frontal del almacén temporal.
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A los efectos de la disposición como fuentes selladas, se incluyen las agujas de
radio 226, iridio 192, y americio 241, que poseen características bien diferenciadas en cuanto
al período de semidesintegráción y tipo de radiación y que conjuntamente con el cesio 137 y
el cobalto 60 constituyen el material radiactivo para la inmovilización por cementación.

3. INVENTARIO RADIACTIVO

La recolección de fuentes y material radiactivo como consecuencia de las aplicaciones
pacíficas de la energía nuclear en labores de investigación, industrial y médica desde pasadas
décadas, se ha ido traduciendo en un volumen apreciable, compuesto por fuentes y materiales
que fueron eliminándose por efectos de la desintegración radiactiva, incineración directa,
enterramiento superficial y/o almacenamiento interino tanto en tanques como en bidones y
cilindros para residuos sólidos y líquidos. Se resalta la presencia de fuentes que han perdido
su rótulo de identificación externa de sus características, principalmente por deterioro físico
de corrosión.

Contando con la infraestructura centralizada y reuniéndose los medios técnicos de
infraestructura a partir de 1992, se realizó una acción de recolección de las fuentes selladas,
haciendo hincapié cerca de los usuarios nacionales en que el IPEN, a través del Centro
Nuclear, se constituye en la instalación que garantiza el retiro de las fuentes selladas en
desuso y permite su acondicionamiento seguro por medio de la cementación. El Cuadro I
refleja el inventario radiactivo hasta el reciente mes de julio. Las Figs. 2 y 3 muestran los
tipos de fuentes que fueron recolectadas.

4. CEMENTACIÓN

4.1. Concepto

La cementación se define como la técnica de inmovilización de residuos que reúne
ventajas fisicoquímicas de estabilidad, dada su casi nula y lenta degradación microbiana, lo
que permite su permanecencia en períodos significativamente altos, mejorado de acuerdo a la
calidad de los componentes, aditivos y agregados [2].

CUADRO I. INVENTARIO GLOBAL DE FUENTES

Radisótopos

Cesio 137

Cobalto 60

Radio 226

Americio 241

Iridio 192

Otros

Total

Número de
fuentes

51

11

38

148

6

16

270

Actividad (TBq)

3,71 E-02

1,37 E-00

7,40 E-03

7,70 E-03

1,11 E-03

No conocida

3,97 E-02

Procedencia

Minería/irradiador

Aplicaciones médicas

Aplicaciones médicas

Detectores de humo

Radiografía industrial

Deterioradas
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FIG. 2. Tipos defuentes de cesio 137.

F/G. 3. Irradiador de cesio 137 en desuso.
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4.2. Metodología

En nuestro caso, por tratarse de fuentes selladas, se aplica íá técnica de la cementación
para diversas formas de inmovilización de residuos radiactivos según sea el nivel de
radiactividad y el estado en que se presenten, variando para ello la composición de sus
componentes y los agregados no metálicos [3].

Considerando que se trata de fuentes selladas en las que el desuso data de muchos
años y que algunas de ellas no poseen identificación, se toman en cuenta dos grandes líneas
de trabajo: de un lado, las fuentes en desuso que contengan agujas de radio y, de otro, las
fuentes que no contengan agujas de radio.

Para el caso de las agujas de radio se procederá según las recomendaciones
internacionales y nacionales, tomando en cuenta previamente la importancia de una acción
más vigorosa de recolección de este tipo de fuentes [4].

En el proceso de cementación seguido con las fuentes de cesio 137 y otras sin
especificaciones se procedió a un mezclado de agua, cemento y arena gruesa, colocándose las
fuentes con todo su blindaje equidistantemente, con el propósito de disminuir su tasa de
exposición [5].

4.3. Procedencia

Las fuentes proceden de compañías nacionales dedicadas a la minería y perfilaje de
pozos de petróleo.

4.4. Materiales y equipos

Equipos:

- 1 mezcladora de 9 pies cúbicos de capacidad con motor de 8 HP de potencia

- 1 montacargas para el traslado de las fuentes
- 1 tecle manual de 2 ton con su pórtico móvil
- 6 parihuelas de madera, de doble lado
- 12 cilindros metálicos con acabado exterior e interior galvanizado
- 1 monitor de radiaciones para tasa de exposición.

Materiales:

- Cemento
- Arena gruesa
- Agua, y otros de albañilería.

Personal:

- 2 especialistas en gestión de residuos
- 1 oficial de radioprotección
- 3 operarios
- 1 chófer.
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4.5. Procedimiento

El procedimiento comprende las siguientes operaciones:

- Trasladar las fuentes del almacén al área de trabajo de cementado.
- Desmontar el embalaje de madera de la fuente.
- Limpiar exteriormente de óxidos, grasa y polvo.
- Colocar 2 cilindros metálicos por parihuela.
- Realizar el lote de mezclado:

Agua: 0,032 m3

Cemento: 50 kg
Arena: 195 kg

- Mezclar por 3 minutos hasta homogenizado.
- Hacer una base de cemento hasta una altura de 9 cm del cilindro.
- Dejar solidificar por 24 horas.
- Colocar las fuentes de Cs-137 en cada cilindro mediante tecle manual y pórtico

móvil.
- Proseguir con la cementación asegurando la ausencia de aire en la mezcla.
- Al finalizar el llenado del cilindro, alinear la superficie.

Dejar para curado en ambiente por 2 semanas.
Tapar, colocar el cinto de seguridad y rotularlo para su
almacenamiento.

FIG. 4. Fuentes del C1197y C1297.
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CUADRO II. CILINDROS Y FUENTES CEMENTADAS

Cilindro

CO 197

C0297

C0397

C0497

C0597

C0697

C0797

C0897

C0997

C1097

C1197

C1297

Total: 12

Número de fuentes

2

2

2

2

2

2

2

3

5

4

7

10

43

Actividad (Tbq )

0,1665

0,1480

0,1665

0,1665

0,1480

0,1110

0,1665

0,0585

0,1384

0,1359

No conocida

0,0131

1,4170

5. RESULTADOS

5.1. Cementación

Previamente a la cementación, se evaluaron las características de los cementos
nacionales (parámetros de resistencia a la compresión, porosidad, resistencia a la inmersión
etc.)[6]. Se inmovilizaron por cementación 43 fuentes radiactivas con una actividad total de
1,417 TBq, de las cuales 30 fuentes son de cesio 137,4 de americio 241,1 de americio/berilio
y 8 no identificadas, los cilindros C0197 al C1097 son de cesio 137, los cilindros C1197 y
C1297 contienen Cs-137, Am-241, Am/Be, más las fuentes no especificadas (Fig. 4). El
Cuadro II registra las fuentes y actividad cementada.

Se concluye que el porcentaje de fuentes cementadas fue del 16% y la actividad del
0,35% del inventario, lo que revela de un lado, un paso significativo y, de otro, que en
términos de actividad todavía se necesita dar un impulso mayor que el realizado.

5.2. Protección radiológica

En el Cuadro III se consideran las medidas de tasa de exposición en contacto con las
fuentes, en contacto con el cilindro sin y con las fuentes radiactivas.

En el cuadro se evidencian bajos valores de tasa de exposición después de la
cementación, en tanto que son bajas las tasas de exposición de las fuentes sin cementar. Con
tasas de exposición altas, el factor de reducción de dosis es importante luego de la
cementación, lo cual refuerza su importancia física.

El factor de reducción de dosis de la cementación equivale a la relación entre la tasa
de dosis sin cementar y la tasa de dosis cementada.

205



CUADRO III. EVALUACION RADIOLOGICA

Codigo
cilindro

CO 197

C0297

C0397

C0497

C0597

C0697

C0797

C0897

C0997

C1097

C1197

C1297

X o (mR/h)

1,5

1,5

1,5

1,5

5,0

2,0

1,5

80,0

28,0

30,0

10,0

0,3

X s c(mR/h)(*)

0,50

0,30

0,30

0,50

2,00

1,00

0,50

3,00

9,20

8,07

0,20

0,30

Xc(mR/h)(*)

0,05

0,10

0,10

0,07

0,09

0,07

0,07

0,05

1,55

1,96

0,05

0,10

Factor de
reduccion de

dosis

10,00

3,00

3,00

7,14

22,20

14,28

7,14

60,00

5,94

4,11

4,00

3,00

(*) En contacto con el cilindro
Xo : Tasa de la fiiente de mayor exposicion
X s c : Tasa de exposicion sin cementar
Xc : Tasa de exposicion cementado

5.3. Algunas caracteristicas del cementado

A los efectos de tomar en cuenta la experiencia tal cual, en la perspectiva de mejorar
el proceso, se presentan las especificaciones que resultan de la cementacion realizada, siendo
algunos valores promediados y aproximados dadas las evidentes modificaciones de geometria
que se evidencian y cuyos cilindros se muestran en las Figs. 5 y 6:

Volumen del cilindro vacio 0,214 m3

Densidad de la mezcla 2,17 kg/L
Peso del cilindro cementado y con fuentes 400-450 kg
Relation agua/cemento 0,60
Total de cilindros cementados 12
Bolsas de cemento utilizadas 18
Numero de fuentes cementadas 43
Resistencia a la compresion a 70 dias 19,4 MPa
Porosidad del producto cementado 34,0%

6. OBSERVACIONES Y CONCLUSIONES

A) La aplicacion de la tecnica de la cementacion ha significado una evidente
reduccion del inventario en terminos de fuentes. Con las caracteristicas obtenidas se han
logrado los resultados previstos, dentro de un razonable marco de disponibilidad de
materiales y aplicacion de la tecnica.
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F/G. 5. Cilindro con base de cemento.

F/G. 6. Cilindros cementados en almacen.
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B) Se destaca de la experiencia, que la relación agua/cemento de 0,6 utilizada ha sido
mayor que la obtenida en nuestros ensayos previos de evaluación de los cementos nacionales,
debido a la dificultad del mezclado con la relación de 0,4 en la mezcladora, y a la mejor
trabajabilidad que ofrecía la relación de 0,6. Este aspecto hace bajar la resistencia a la
compresión entre valores de 2 y 10 MPa en los primeros 28 días, para elevarse
aproximadamente a 30 MPa después de los 70 días, lo que evidencia un lento tiempo de
fraguado.

C) Quedan por cementar fuentes que poseen un gran volumen, por lo que tendrá que
adicionarse otra geometría de inmovilización; este sería el caso del irradiador de alimentos
mostrado en la Fig. 3. Las fuentes de radio 226 también exigen otra modalidad de
cementación que deberá considerarse próximamente.

D) Interesa ampliar medidas en torno a la cementación para obtener mejores
resultados de resistencia a la compresión, adicionando aditivos y agregados que logren buena
compactación y homogenización de la mezcla, lo que, como se ha visto, redunda no sólo en el
aspecto de la protección física sino también en el de la protección radiológica.
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Abstract

THE REGULATORY CONTROL OF RADIOACTIVE SOURCES IN ARGENTINA.
Argentina has been conducting nuclear activities for more than forty years, and had

established a Regulatory Authority as early as in 1956. Procedures for compliance monitoring and
enforcement have been in use in the regulatory control of radioactive sources, and regulatory
standards and regulations were in force in Argentina before the accident in Goiania.

The conclusions drawn from the Goiania accident encouraged the Argentine authorities to
improve some regulatory procedures and helped to enhance the quality of the regulatory process. As
a result, the effectiveness of the control of spent radioactive sources has gradually increased, and
enforcement actions to prevent radioactive sources ending up in the public domain have improved.

Lessons learned in Argentina from the accident in Goiania are presented as well as the main
characteristics of an effective enforcement programme to prevent radiological accidents when
radioactive sources are used for industrial, medical, research and teaching purposes.

1. INTRODUCTION

The radiological accident in Goiania in 1987 [1] confronted the regulatory bodies with
the necessity of a thorough revision of their strategies to deal with the problem of spent
radioactive sources [2]. Lessons have been learnt from accidents such as those which
occurred in Goiania [3, 4] and Ciudad Juarez [5]. Other accidents involved patients in
medical institutions (Zaragoza [6] and recently Costa Rica), while others still happened in
irradiation installations [7] as in El Salvador and Soreq. Unfortunately, in some instances
where members of the public were injured, there was a lack of or deficient control by the
authorities. Attention has been paid to the enforcement actions by regulatory bodies to
prevent radioactive sources ending up in the public domain [8].

Accidents with radioactive sources may stem from the disruptive release of energy
(fire, explosion, etc.) at a site where the sources are being used or stored, or when sequences
of economic events coincide to create a dangerous situation (bankruptcy plus abandonment,
spent source plus loss of corporate memory, etc.), or if radiological safety is affected by an
initiating event (improper maintenance of a gamma radiography container, etc.).

Licensees are responsible for the safety of radioactive sources, and must implement
measures to prevent accidents. Compliance monitoring and enforcement actions by regulatory
bodies must control these measures. If necessary, the intervention of the authority should
preclude the development of conditions leading to radiological accidents. In addition,
deterrence provided by an effective enforcement policy and by sanctions imposed on persons
responsible for non-compliance with the regulations helps to prevent accidents.

The regulatory control of radioactive sources requires effective licensing, compliance
monitoring and enforcement actions. To this end,

• regulations and standards are assertive in the description of what is acceptable and
what is not; enforcement actions are clearly specified and have sound legal support;

• a compliance monitoring programme able to detect deviations from the conditions
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spelled out in the licences or to detect sequences of adverse events that may
produce radiological accidents will timely lead to enforcement actions.

2. THE CONTROL OF RADIOACTIVE SOURCES IN ARGENTINA

A law of 1956 empowered the Argentine Atomic Energy Commission to control all
radioactive materials and ionizing radiation sources, with the exception of X ray equipment,
which falls under the purview of the federal and provincial departments in charge of public
health. In 1994, a presidential decree separated the regulatory branch from the Atomic Energy
Commission, and in 1997 the Parliament created by law an independent regulatory body
today called the Nuclear Regulatory Authority (hereinafter the Authority) [9].

The Authority has the power to set regulations and standards on radiological safety,
physical protection and safeguards. Inspections to verify compliance with regulations are
periodically conducted by the Authority based on the associated radiological risks.

Authorizations to operate installations using radioactive sources in medicine, industry,
research and teaching are issued by the Authority to applicants who fulfil the requirements.
The applicant must appoint an individual as the person responsible for the safety of the
sources who must hold a permit for the specific practice. Permits are issued to those
individuals who fulfil the requirements and demonstrate knowledge and training in
radiological safety.

In order to assure appropriate control of imports and exports of radioactive materials,
an agreement was reached with the governmental department in charge of customs. To deal
with fires, explosions, or other situations in radiological accidents, the Authority relies on the
support and advice of the Fire Department of the Federal Police.

Communications, requirements, and enforcement actions by the Authority are
addressed to the individual designated as responsible for safety (the safety officer). The
licensee must supervise the activities carried out by the safety officer and must provide him
with all the resources needed to discharge his responsibilities.

The enforcement actions by the Authority can be broken down into three broad
categories:

1. Impositions to correct minor deviations from the requirements set in the regulations.
These actions are usually imposed during inspections and after a meeting with the
safety officer.

2. Impositions to correct safety problems, or for repeated violations of minor
importance. The commitment of the licensee with respect to safety culture, or the
ability of the safety officer to cope with safety, are both under criticism. These actions
are imposed as soon as possible after a review of the safety of the site, and corrections
must be carried out within a short time frame.

3. Impositions to curtail or suspend operations in installations due to threats to the health
of the workers or the public. These actions taken during inspections are imposed to
urgently secure or shield radioactive sources, or to decontaminate the installations. As
necessary, the Authority petitions a judge to order the preventive sequester of the
sources, or any other appropriate measures.

3. INFLUENCE OF THE ACCIDENT IN GOIANIA ON REGULATORY TASKS IN
ARGENTINA

The conclusions drawn from the accident in Goiania sped up the improvement of
some regulatory procedures in Argentina and helped to enhance the quality of the regulatory
process. Therefore, the effectiveness of the control of spent radioactive sources has gradually
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increased, and enforcement actions to prevent radioactive sources ending up in the public
domain have improved.

In connection with enforcement, the following are highlights of the control of
radioactive sources in Argentina prior to the accident in Goiania:

• Regulations stressed the responsibilities of both licensees and individuals directly
responsible for the safety of radioactive sources, and the Authority had the power to
impose penalties for violations of regulations.

• The Authority kept a registry of the radioactive sources used for medical, industrial,
research and teaching purposes. The registry was updated regularly and covered the
import, export, transfer and disposal of sources.

• An agreement was reached with the government department in charge of customs, and
any import or export of radioactive materials had to be cleared by the Authority.

• The Authority inspected the safety of spent sources on a non-systematic basis
following a case by case assessment.

• Spent radiotherapy sources received special attention and were checked frequently.
For bankruptcies, the Authority petitioned the judge to prevent the winding up of the
radioactive sources by order of the court, and the sources were removed from the
premises and deposited at a safe site.
The lessons learnt in Argentina from the accident in Goiania deal primarily with the

effectiveness of the control of spent sources and the enforcement actions aimed at preventing
sources ending up in the public domain. The following lessons were gradually implemented
in Argentina according to a programme to incorporate quality practices in regulatory
activities:

• Managers should encourage the use of the 'correct from the very beginning* concept
in regulatory tasks. This helps avoid oversights by the inspection staff and facilitates
the follow-up of spent sources.

• The registry of radioactive sources used for medical, industrial, research and teaching
purposes should be updated timely to reflect the transfer or import of sources, as well
as bankruptcies or detected unsafe conditions. This information is key to preclude the
development of accidents due to the unauthorized use of radioactive sources or delays
or interruptions in the licensing of imported sources.

• The Authority should systematically inspect every spent source to check its safety and
security, and should require licensees to remove spent sources from their premises
duly and in accordance with the regulations, as for instance, whenever a source is
transferred to another authorized licensee, sent abroad to the manufacturer, or
disposed of as radioactive waste. The Authority should stress that licensees are
responsible for the safety of their spent sources while these sources are in their
custody.

• Besides petitioning the bankruptcy judge to prevent the winding up of a radioactive
source by order of the court, the bankruptcy administrator should be instructed to
carry out measures to secure the source until the judge authorizes the Authority to
remove it to a safe site.

• Enforcement actions should be registered and inspectors should verify compliance
shortly after the deadlines established. For repeated cases of non-compliance,
experienced staff should carry out upgraded enforcement actions. These actions
guarantee the credibility of the enforcement policy.

• In order to detect deviations from safe conditions in potentially risky practises such as
gamma radiography, teletherapy, etc., the Authority should set up special inspections
to assess specific features of the installations, such as radiation beam calibration or
safety interlocks in radiotherapy, maintenance of gamma radiography equipment, etc.
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4. EFFECTIVE COMPLIANCE MONITORING AND ENFORCEMENT ACTIONS

Beyond the lessons learned from the accident in Goiania, other noteworthy
characteristics of an effective compliance monitoring and enforcement programme can be
mentioned, on the basis of the Argentine experience:

• The Authority should be empowered to impose penalties on a safety officer, licensee
or any unauthorized individual who has caused unnecessary exposures or potential
exposures of persons to ionizing radiation. Penalties such as curtailment, suspension
or revocation of permits and authorizations to operate installations, or fines, should be
imposed, in accordance with the regulations. The exercise of the rights of the persons
prosecuted for violations by the Authority shall be guaranteed.

• Regulations should be clear enough to stress the responsibilities of both licensees and
individuals who are directly responsible for the safety of radioactive sources used or
stored in installations. If the Authority determines that harm has been caused to an
individual as a consequence of a regulatory offence, it should report this finding to a
criminal court.

• Enforcement actions should be carried out by experienced staff and should be
imposed in writing on the individual directly responsible for the safety of the
installation or the legal representative of the licensee. As necessary, these actions
should be followed by interviews in person or by telephone with the individual
responsible for safety, in order to obtaining his commitment to comply with the
requirements of the enforcement actions.

• The following factors exert influence on the enforcement actions: relevance of the
detected deviation for the safe performance of the installation and complexity of the
necessary corrections, severity of the violation, repeated or wilful violations, attitude
and course of action taken by the safety officer.

• The most experienced inspectors should be empowered to carry out enforcement
actions during inspections. If safety is degraded and urgent enforcement actions are
needed at the site, inspectors shall make every attempt to inform their managers in
order to obtain approval for the enforcement action, especially if curtailment or
suspension of the operations affects patients under medical treatment. The
enforcement actions in medical centres should take into account the protection of the
patients and any detriment that might be caused by the actions.

• Licensees should be required to take spent sources out of their installations and to
dispose of or deposit the sources at an authorized site. If urgent actions are necessary
because unsecured radioactive sources threaten the health or the properties of persons,
the Authority shall take actions to secure the sources in situ or to sequester and
transfer them to a safe site. In case of a deliberate obstruction to such actions,
Authority managers should be entitled to petition the judge to provide police
assistance to gain access to the premises and sources considered.

5. CONCLUSIONS

The regulatory control of radioactive sources requires effective compliance
monitoring and enforcement actions aimed at controlling the radiological safety of the
sources and compliance with requirements. As necessary, regulatory bodies must implement
actions not only to prevent, but also to interrupt, the development of conditions leading to
radiological accidents.
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From this standpoint, one of the most important lessons learnt from the accident in
Goiania is that the regulatory control of spent radioactive sources is as important as, or even
more important, than the safety of radioactive sources being used in the installations.

An effective enforcement and compliance monitoring programme should incorporate
quality practises to appropriately prevent sources ending up in the public domain.

To deal with the problem of spent sources, regulations should stress that licensees are
responsible for the safety of their sources until the regulatory body relieves them of their
responsibility, e.g., when sources are transferred to another authorized licensee, are sent
abroad to the manufacturer, or are disposed of as radioactive waste. Regulatory bodies should
implement measures to identify, locate, and secure spent sources in their countries.

Licensees should be required to remove spent sources from their installations, duly
and in accordance with the regulations, and inspectors should make certain that licensees take
the necessary steps to provide for the safety and security of each source. Any oversight by the
inspection staff might increase the risk of a spent source ending up in the public domain.

Regulatory bodies should have procedures at their disposal for intervention in
instances where sources are unsecured, particularly for licensee bankruptcies. If there is
deliberate obstruction to the intervention, managers should be entitled to petition the
corresponding judge to provide police assistance in order to gain access to the premises and
sources concerned.
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Abstract

GOIANIA 1987: SEARCHING FOR RADIATION.
The founding of the Searching for Radiation Group following the radiation accident in

Goiania, Brazil, in 1987, is described. Particulars on the equipment and detector used, the number of
people monitored, the techniques used to gather information on the probable date of the accident,
about possibly contaminated places and people are provided and communicating with the general
public is addressed. The discussion is divided into three main parts: 1) how the Searching for
Radiation Group was formed; 2) the participation of the state Health Secretariat and the street
children in the Group and 3) the lessons learned.

1. INTRODUCTION

In the month of September 1987, a Cs-137 radiotherapy unit was removed in an
unauthorized way from an abandoned clinic in Goiania, a city situated in the central part of
Brazil. The 50.9 TBq source was subsequently broken up and contamination ensued. The
singular aspect of this case of contamination was the involvement of many persons who
contributed to the spreading of contamination by distributing fractions of the source among
relatives and friends within the city and surrounding towns. Consequently, the accident did
not have a locally confined character, but aspects which gave rise to the fear that it might
entail severe consequences for public health. In the following reference is made to these fears
and the actual contamination situation, the search for contaminated spots and people and the
detectors used.

Another aspect considered is how such an accident could cause a chain of events that
could seriously affect the economy, stigmatize the population and disrupt social relations
throughout the community.

2. THE ACCIDENT

Even though notification of the accident was made as late as September 28, 1987
there is enough evidence to reconstruct the chronology as follows. In the early part of
September, two young male residents of Goiania entered an abandoned clinic in the centre of
the city to remove a large metallic object to sell it as scrap metal. The object was fairly large
and heavy (close to 450 kg) and was made of iron. It contained a stainless steel cylinder filled
with lead, making it quite difficult to transport. Since the price paid for lead as scrap metal
was approximately eight times more than that paid for iron, they decided to dismantle the
device and retrieve only the part containing lead, which weighed some 120 kg. This part of
the device was taken home on a wheelbarrow and, after several days, was broken open with a
sledgehammer, and a 2.5 cm platinum capsule containing the Cs source was found. They then
sawed open the capsule itself, revealing approximately 100 g of luminescent material,
described by the witnesses as "carnival glitter".
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Seeing that this did not have any commercial value, they decided to sell the whole lot
to a waste paper dealer who was very attracted to the bluish halo emitted by the material at
night. He then decided to cut the platinum cylinder into pieces to distribute to his relatives
and friends. Children playing in his scrap paper storage area were also attracted to the
material and began to play with it, spreading it to their hands and bodies. The children and
workers, in turn, took the contamination home with them and spread it on clothing, paper,
walls, floors, and in one special case even consumed some of the material that had spread
through the manipulation of food. The child involved began to vomit after just 10 minutes.
Within a few days, many others began to feel ill. Nearly two weeks would go by, however,
before their illness was diagnosed as caused by radiation contamination, and the source of the
problem identified as exposure to 137Cs.

After the first symptoms of radiation sickness began to appear, some concerned
people transported the highly contaminated stainless steel cylinder by city bus to a public
health service, contaminating the bus stop, the bus and the health service office itself. This
piece of metal was giving off more than 6 Gy/h on contact! Further details on the
development of the accident can be found in the literature [1].

3. FOUNDING THE 'SEARCHING FOR RADIATION GROUP'

In the first days following the accident and its detection, a number of heavily
contaminated victims visited various medical doctors and hospitals due to their poor state of
health and unknown symptoms of sickness (acute radiation syndrome), contaminating
medical practices (three) and hospitals (five). In some cases the patients were treated for
dehydration and tropical diseases (burns) due to the lack of proper diagnosis. It was in one of
these hospitals, the Tropical Diseases Hospital, that one of the medical doctors suspected that
these symptoms were related to radioactive disease, so he contacted a physicist who was able
to verify the fact and give the alarm to the Brazilian Nuclear Energy Commission. The
identification of the victims was then immediately started by taking the first steps to register
and isolate them at the Olympic Football Stadium, located close to the centre of the city.

In the field of the Olympic Stadium, on September 29, the day after the accident had
been detected and the source identified as being CsCl2, which is very soluble, many of the
victims were installed in tents supplied by the civil defence organization. Outside of the
stadium many people stood in the hope of receiving information, some of them awaiting
news about relatives or friends who had been isolated.

In order to detect contamination and limit its transfer, a special monitoring group (the
'Searching for Radiation Group') was set up and based at the Olympic Stadium. The tasks of
the group were to make contamination checks on the people that had been isolated there, to
measure members of the population who came to the stadium for contamination checks, to
perform the first external decontamination on the victims and to search for other
contaminated areas and people, based on information gathered with the aid of a 'hot line'
telephone set up at the stadium and interviews with the victims. The population was informed
of this possibility by the media (radio, television and newspapers) and increasingly availed
itself of this check-up option and 'hot line' telephone. Thousands of people were controlled
in queues during the first days, their numbers exceeding 125 000 by the end of the operation
in February, 1988.

Initially the people were measured with Saphymo Srat® scintillation detectors and
Geiger counter monitors. These instruments were chosen because of the great sensibility and
efficiency of the scintillation detectors and the immediate availability of Geiger counters.

218



It must be noted that the scintillation detectors already started to indicate the presence
of radiation at distances of up to 150 m from the main contaminated areas. This presented a
problem, since we had to be very careful to choose the right emplacements to set up the
queues to measure individuals. On two occasions people who had been considered
contaminated had to be rechecked: it was determined that the presence close by of
contaminated vehicles during the first measurement had distorted the readings and given
erroneous indications of personal contamination.

A confirmation of the high sensitivity and quick response of the scintillation detectors
was obtained by two teams (two technicians and one driver) equipped with dedicated
instrumentation (one scintillator for road survey, one dose rate meter for quantitative
assessment of exposure levels and one surface contamination monitor). Additional equipment
and implements for on-the-spot decontamination were sent to verify the results of the
readings obtained on the people at the stadium. The teams maintained their instruments
permanently on, with the audio alarms set at the lowest levels. In this way they were able to
detect contaminated spots on the streets and sidewalks, and even contaminated cars passing
by.

In one instance, the central waste paper depository of Goiania (COPEL) was
identified when one of the monitoring teams travelling with the scintillometer switched on
passed a truck loaded with contaminated scrap paper travelling in the opposite direction on
the highway. The truck was on its way from Goiania to a toilet tissue factory (ANAPEL) in
Anapolis (100 km from Goiania, on the road to Brasilia). One of the team members drove
back to the truck's point of departure (COPEL) in Goiania. The other went on to the truck's
destination (ANAPEL), where he found 50 000 rolls of contaminated toilet tissue (according
to calculations with 0.67 TBq of Cs-137). After this incident, all the paper deposits in
Goiania were routinely checked for contamination.

From the information obtained at COPEL, we were able to detect that contamination
was also being transferred as far as to Sao Paulo when contaminated paper goods, especially
scrap paper (to be recycled to low grade toilet tissue) and wrapping paper, were
commercialized. The Brazilian Nuclear Energy Commission's institute in Sao Paulo, IPEN,
was immediately notified and they were able to locate and recover the contaminated paper.

Within the city of Goiania, one of the main contamination routes started with the
contamination of several waste paper deposits by paper scavengers who had been
contaminated at the two deposits where the distribution of the fragments of the source and
contaminated waste paper had originally started.

The Geiger counters, although they were less sensitive than the scintillators, proved to
be extremely useful, due to their resistance to the highly humid and hot conditions. Indeed,
the accident occurred at a time of year when heavy rains fall in the afternoons and
temperatures climb above 30 °C.

Each person who presented some degree of contamination in the queues was asked to
indicate how this may have come about and to provide as much information as possible to
help identify other contaminated people and areas. During the five-month period of the
cleanup phase, the teams measured altogether more than 125 000 people and registered 260
cases of contamination. Of these, 77 presented contamination only on their clothes or shoes
and 183 were found to have skin contamination. Of this number, 59 showed very slight
external contamination, so they were easily decontaminated and released after their homes
had been checked for possible contamination spots. The remaining 124 were decontaminated
externally, and, depending on whether they were contaminated internally or not, were sent to
one of three isolation areas: 1) the Central Hospital, where the highly contaminated victims
were being treated; 2) an intermediate contamination level lodging house; or 3) a house
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where very slightly contaminated victims, or people who had not been contaminated but who
had been evacuated from their homes due to the high levels of radiation in the area, were
accommodated.

The information gathered from the people found to have been contaminated and the
information conveyed through the emergency 'hot line' set up at the Stadium were used to
track down potentially contaminated spots and people. This method proved to be quite
effective, as contamination was traced in this manner to at least 30 people, 15 homes, five
pigs, three buses and 14 cars.

The discovery of the contaminated pigs and of contaminated banknotes (four notes
emitting 0.8 mGyh*1 each) in the purse of a school director who had just received her
payment at the Caixa Economica Federal bank presented further complications for the group
in charge of the cleanup: had these facts come to public knowledge, they could have caused
panic in the population, which was already traumatized by the accident (as evidenced by the
great number of people waiting in queues to be monitored — 3000 to 4000 per day!). As a
result, this information was withheld from the press until the teams had regained complete
control over the situation by isolating the pigs and sending technicians to measure the money
at the main agency of the Caixa Economica Federal of Goiania (a personal savings bank) and
of the Banco do Brasil in Brasilia, since most of the money from Goiania is handled by the
main banks there, for reasons of proximity. Several banknotes had to be withdrawn from
circulation during this operation.

Not only was contamination carried by people from its point of origin to families
living nearby, but also to places as distant as Anapolis, Aparecida, Trindade and Goias
Velho, some of these localities lying more than 100 km from Goiania.

One of the most serious contamination transfers occurred when the highly
contaminated lead from the original shielding was sold to a scrap metal yard, which in turn
sold it to another scrap metal dealer in the city of Goias Velho, at a distance of some 250 km
from Goiania. This information was obtained from one of the contaminated people found in
the queues, who happened to be one of the workers of the principal scrap metal dealer of
Goiania.

Many requests for radiation monitoring by the population (more than 1400 per day),
forwarded mostly through the public communications system set up by the state's Health
Secretariat, had to be classed by order of priority; the Searching for Radiation Group
immediately proceeded to check the most urgent requests. The other calls were eventually
followed up as a matter of thoroughness. Such numbers are clear evidence of the level of
panic which prevailed in the population of Goiania at the time.

As earlier stated, the large numbers of people (3000-4000 per day) who stood in
queues during the first days of monitoring were an additional indication of panic amongst the
public. Of the first 60 000 individuals measured, 8.3% or so presented skin reddening (rashes
around the neck and upper body), vomiting, diarrhoea, etc. This was initially thought to be an
allergic symptom (2), but ultimately considered a phenomenon of acute stress. This
manifestation was no longer observed during the remainder of the measuring campaign.

Another indication of the concern shared by the public was when the queues of people
waiting to be measured at the stadium had decreased from several thousand per day to less
than 100 per day and a national television programme set up in Sao Paulo interviewed
someone who declared that radiation from caesium could be detected up to 300 km away. On
the following day, the number of people waiting in queues at the stadium climbed back to
1000! This problem set back the whole programme of the Searching for Radiation Group,
since several of the field teams had to be retained at the stadium to tend to the monitoring of
people in the queues.
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4. STREET CHILDREN'S PARTICIPATION

It soon became evident that the main cases of contamination were concentrated in the
waste paper deposits and in the street children who collected this paper. Because the
technicians from the Searching for Radiation Group based at the football stadium were all
from Rio de Janeiro and Sao Paulo and did not know Goiania well, it was decided to
incorporate several street children into the group.

Due to their economic and social situation, these street children are generally very shy
and maintain a certain distance from the rest of the society. They have their own rules,
maintain their own code of honour, and do not trust anybody. To gain the confidence of these
street children was very difficult, since from the beginning of the operation they were
considered responsible for the accident, and also because many of them had previously run
into problems with the police, a situation which made them very reserved and wary. This
difficulty was overcome owing to the voluntary participation of a social worker who was
taking part in a programme that had been set up by the state government in an attempt to
integrate the street children into society. As the social assistant knew the street children and
was greatly respected by them, a special scheme to attract their attention and confidence was
set up. The accident had deprived them of their source of income, since many of the
secondary waste paper deposits had been shut down due to contamination — these children
were penniless and hungry. But they were also very curious: they could be seen daily in the
vicinity of the Olympic Stadium. They would never enter onto the stadium grounds, though,
probably due to the presence of the police sent there to help maintain order. With the aid of
the social assistant, we were able to approach one of them and guarantee that no actions
would be taken against them and that they would receive free meals if they collaborated with
us. After a few days it was possible to engage two of them in the Searching for Radiation
Group.

The participation of these street children was extremely important. They knew of
potentially contaminated spots and people and had 'inside information' they could volunteer:
they belonged to a group which had initially tried to remove the metal object (the teletherapy
machine) from the building that was being demolished and were scrap paper scavengers
themselves — they knew all the people that were contaminated. Besides the information they
offered, the street children were very valuable in the cleanup phase, during which they
always worked under the supervision of a radiological protection technician.

On the basis of the information obtained from these street children, it was possible to
identify most of the contaminated areas: 42 residences, four hospitals and five scrap paper
deposits. The street children also provided information on the — impossible to control —
ongoing transactions among scrap dealers of Goiania in installations that were known to be
contaminated. These operations apparently went on even after the dealers had been warned
by technicians that transactions were not allowed until after the items to be traded had been
measured with detectors and declared harmless.

5. THE STIGMA ATTACHED TO THE INHABITANTS OF GOIANIA

Owing to public ignorance, certain authorities set up physical barriers at the borders
of the state of Goias and hindered cars proceeding from Goiania from leaving the state. More
than 8000 residents requested and received official certification that they were not
contaminated. These certificates were requested in an effort to counter the stigma attached to
the area of Goiania, as evidenced by: 1) hotels in other parts of the country refusing to allow
GoiSnia residents to register as guests (e.g., in Sao Paulo, Cuiaba and Manaus); 2) airline
pilots refusing to fly aircraft with Goiania residents on board; 3) bus drivers refusing to allow
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Goiania residents on their buses; 4) the stoning of automobiles with Goiania license plates
and 5) virtually all conventions originally scheduled for hotels in Goiania during this period
being cancelled or rescheduled elsewhere.

5. LESSONS LEARNED

Clearly, three important lessons emerge from the experiences suffered in Goiania.

• First: the high number of individuals presenting acute stress or allergic symptoms.
The majority of these individuals claimed that their symptoms began after the capsule was
broken but before the announcement of the accident by the news media. Of these persons, not
a single one was contaminated! This has profound implications for the study of perceived risk
in general and 'special' nuclear related impacts in particular.

• Second: in any accident, the participation of local people in tasks associated with
remediation is extremely important to obtain vital inside information and to gain the
confidence of the residents. When locals are part of the teams, this avoids creating the feeling
among residents that people from the outside are intruding on their territory.

• Third: the institutions responsible for the management of a crisis must be
knowledgeable about the needs of the media in times of crisis, and must be prepared to meet
these needs. Unfortunately, paying attention to the media may mean that because of an
incorrect report, certain delays or problems may arise. Yet it is obvious and important that in
any event of this type, specialized people must stand ready to issue press releases, if possible
even before the reporters arrive at the scene!
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Abstract

TEN YEARS AFTER THE RADIOLOGICAL ACCIDENT OF GOIANIA, A REFLECTION.
This work contains a reflection on the impact of the radiological protection measures taken in

the city of Goiania in the aftermath of the accident involving caesium-137, along with a discussion
on the biological foundation of these actions.

1. INTRODUCTION

In October 1987, the people of the city of Goiania were surprised to hear from news
reports that they were involved in a radiological accident. A group of twenty persons were
already presenting symptoms associated with exposure to high doses of radiation and the
clinical evolution of some of them led to the prognosis of death within a few weeks [1].

The Brazilian Nuclear Energy Commission (CNEN) sent out technical personnel
specialized in radiological monitoring who, in view of the situation, requested that the
Olympic Stadium be made available to them. There, the CNEN radiological team focused on
identifying contaminated persons and decontaminating them by removing their contaminated
personal effects and bathing them.

In Rio de Janeiro, where CNEN has its headquarters, the authorities strove to establish
the strategy to be adopted in the face of the extension of the accident, which was already
being observed. The technical staff were mobilized from the Institute of Energetic and
Nuclear Research, the Centre of Development of Nuclear Technology, the Institute of
Radiological Protection and Dosimetry, the Furnas Power Plants and the Brazilian Nuclear
Industries. The Marcilio Dias Naval Hospital, in Rio de Janeiro, was set up so that it could
receive some of the victims who had been exposed to high doses during the radiological
accident, while the other victims were sent to the General Hospital in Goiania.

The transfer of the injured from Goiania to Rio de Janeiro may well be compared with
a real war operation, since each individual represented a source of radiation and of potential
contamination to anyone in the proximate vicinity.

At the time, magazines and newspapers published photographs of the technical staff
wearing special clothing, masks and using equipment which distinguished them from the rest
of the public. Aside from the hospitalized victims who, in fact, were seen as a confirmation
that something very unusual had occurred, the gravity and the extension of the accident were
conveyed to the public by the diagnosis of the technical staff, which had been mobilized for
the occasion.

Whole areas of the city were isolated and interdicted, hundreds of inhabitants were
removed from their homes, in many cases leaving all their belongings behind them. While
people were submitted to decontaminating procedures, the population of the city was
beginning to be discriminated against in other parts of the country.
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2. PUBLIC PERCEPTION

For the average person caught in the whirl of these events, nothing except the
declarations of the technical staff indicated that the city was in the midst of a radiological
accident: no explosion, peculiar smell, tremor, climatic alteration, flood, fire nor any other
phenomenon had been experienced that could be associated with an accident of such
proportions, that it mobilized not only the technical, scientific and political authorities of
Brazil, but also technical and scientific authorities at the international level, on top of the
local and international media. This type of situation lends itself particularly to the
development of stress, insecurity, panic and psychosomatic disorders, nowadays considered
the main consequences of a radiological/nuclear accident. All of these afflictions were
extensively diagnosed in the population of Goiania [2] as well as in people not directly
affected by the accident — those who started to discriminate against the inhabitants of the
affected city.

3. TECHNICAL ASPECTS

The aim of all this mobilization was to avoid that other persons, beyond those who
already presented symptoms of high exposure, became the victims of the delayed effects of
radiation [3, 4]. In fact, according to the recommendations of the International Commission
on Radiological Protection (ICRP), there is a risk of developing retarded effects, i.e. cancer
[5, 6], associated with the slightest increase in radiation dose (since there seems to be a
consensus that hereditary effects, so clearly characterized in animals, are not detected in the
human species [4]).

Once the radioactive source had been removed, the medical procedures to be followed
for cases of high exposure were established and the decontamination procedures were set for
individuals and areas. While proceeding to decontaminate the main foci of contamination,
CNEN started to look, through radiometric surveys and the use of cytogenetic dosimetry, for
individuals who, though they did not present any symptoms of the dose absorbed during the
evolution of the accident, had become potential victims, as they had contracted an increased
natural risk of developing cancer when compared with a non-irradiated population, according
to the ICRP. The group of persons identified would receive special medical attention in the
light of this increased probability.

Technically speaking, the group selected through radiometric surveys and the use of
cytogenetic dosimetry would be exposed to the stochastic effects of ionizing radiation [7],
even if clinically they did not present anything that could be identified as a biological effect
of radiation, except, in some cases, diseases of emotional order. The stochastic nature of these
biological effects are because it is impossible to foresee, a priori, which individuals, in an
exposed population, will develop cancer and a posteriori, who are the persons, in a group of
people affected by the disease, whose cancer may be attributed to radiation.

Excluding from this analysis the individuals who actually developed immediate
effects due to the accident, the other victims were identified either through radiometric
surveys or through cytogenetic dosimetry, which is based upon the presence of chromosomal
alterations introduced by radiation in lymphocytes of irradiated people. The correlation
between the absorbed dose (estimated through cytogenetic dosimetry) and the risk of
developing radiation induced cancer is established on the basis of the acceptance of the
hypothetical existence of a linear relation, without threshold, between the absorbed dose and
the risk of a stochastic effect, according to the ICRP.
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If the hypotheses of linearity between dose and effect and of the absence of a
threshold are accepted, the procedure for an accident will be to establish limits for exemption
of areas, based upon a cost-benefit analysis, considering the cost of an operation of
decontamination and the impact of this operation on the reduction of the dose of the affected
population. In a certain way, this fact dismisses the hypothesis of the absence of a threshold
dose limit: if the benefit of an operation does not justify its cost, it shall not be undertaken
and the doses possibly resulting from the subsequent occupation of the exempted area shall
not be considered any longer.

This approach may cause preoccupation among people involved in an accident
comparable to that of Goiania, insomuch as it becomes evident that, behind all the technical
formalism displayed in an intervention of the scope of that conducted in this city, there is a
determination to carry out the task in the best possible way, bearing in mind the basic
directives of radiological protection. Nonetheless, the question remains: is this enough?

4. REFLECTION

If the recommendations of the ICRP are to be taken literally, a decontamination
procedure will never be sufficient, since it assumes "the slightest increase in the dose ...", and
that the population cannot be asked to accept a risk, especially when the risk is not associated
with any benefit.

However, such a view can be challenged if one analyses the premises on which the
recommendations of the ICRP were established. Some fifty years ago, scholars observed the
immediate effects of radiation in occupationally exposed professionals (including researchers
and physicians) and the increase of cancers in the irradiated populations of Hiroshima and
Nagasaki (stochastic effects). Since no data was available to evaluate the effect of this
radiation in low doses (below 200 mSv) the ICRP, acting clearly out of a sense of caution,
assumed that the effects of radiation at low doses were the same as those observed at high
doses, and that the relationship between the dose and these effects was linear. This is the way
the relation upon which the ICRP still bases itself to recommend actions of radiological
protection was established. Nonetheless, in a number of particular conditions such as
accidents, these actions cause some insecurity as to the measures to be taken, since the
individual dose limit — which constitutes one of the pillars of radiological protection — can
only be respected at a cost which does not correspond to the benefits that may be obtained.

5. OUTLOOK

In the past few years, several researchers have achieved results indicating the
existence of a threshold dose in the development of biological effects [7-9], as well as the
occurrence of beneficial effects resulting from these exposures [10-14]. The preoccupation of
part of the scientific community with respect to the static position of the ICRP in this regard
[15] is strong evidence that a general rethinking of this notion and practice, which are based
on fears, misunderstandings and precautions, is about to take place formally. As a result, in
situations similar to that faced by the city of Goiania, radiological protection authorities will
be able to carry out interventions based no longer on caution, but on scientifically developed
concepts. Under theses conditions, the population will no longer be exposed to fear and panic,
but will receive solid scientific information which will be sure to cause less anxiety than that
brought on by the recommendations of the ICRP.
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NUCLEAR ENERGY — MYTH AND REALITY.
Radiation remains one of the least understood or accepted forms of energy in society as far as

the general population is concerned. People are jubilant when radiation is successful in detecting or
destroying cancer cells, but protest loudly when a shipment of radioactive waste moves through their
community. The public fears nuclear technology because the information they hear only relates to the
risk. To dispel public anxiety and allow the nuclear industry to move forward, clear and rational
information, which paints a more balanced picture of the benefits of radiation and the risks involved,
is needed.

This presentation might be appropriately entitled "The Lessons We Haven't Learned"
for it deals with a socio-political aspect of nuclear energy and radiation that we have failed to
successfully address for more than a century.

Today, we have more technical knowledge, scientific information, and practical
experience available about radiation and its uses than at any other time in our history. Yet, it
remains one of the least understood or accepted forms of energy in our society, at least as far
as the general population is concerned. Each day around the world, millions of people benefit
from the production of electricity, medical diagnostics and treatment, engineering
accomplishments, and scientific research applications involving the use of nuclear technology
and radioactive materials. Nuclear energy fuels economic growth and job development;
radiology and nuclear medicine save countless lives and ease suffering; and our civilization
moves forward into the future on the strength of new technological applications of the
principles of radiation physics.

So why is it that the vast majority of the general population, and many of the world's
political organizations, continue to resist or reject nuclear energy as a viable resource? Why
does society accept the disposal of virtually all kinds of industrial and domestic production
refuse, and oppose the efforts to safely and securely store radioactive waste? Why do people
continue to fear radiation when the controlled use of radioactive materials clearly benefits
their lives?

Such incidents as the accident here at Goiania, those at Chernobyl and elsewhere in
the former Soviet Union, at Three Mile Island, in England, in Japan, and at a dozen other sites
we all became familiar with over the past 25 years, coupled with the lingering image of
mushroom clouds lifting over Hiroshima and Nagasaki 50 years ago, have indelibly
embedded a negative icon of nuclear energy and radiation in the minds of the public.
Unfortunately, that image is one that stirs emotions of fear and loathing, related to death,
destruction, and catastrophic environmental damage.

The human heart and mind emotionally reacts to the suffering of the victims of the
accidents in Goiania, Chernobyl, and elsewhere, as it should be. Yet consider the fact that
people seem unable to detach themselves from that feeling when radiation becomes a tool for
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retarding spoilage in perishable foods. The same people are jubilant when radiation is
successful in detecting or destroying cancer cells, but they protest loudly when a shipment of
radioactive waste moves through their community.

There exists a thought process in our society that distinguishes between 'good'
radiation and 'bad' radiation. What those in the nuclear sciences and technologies have failed
to accomplish is a qualitative distinction between the two. As a result, we have allowed that
icon which represents 'bad' radiation to focus our public policy in a very irrational way.

You need look no further than the people gathered here, and the organizations they
represent, for a significant source of this dichotomy. All of us have contributed to the public's
failure to internalize the role that radiation plays in our lives. In most cases, this has not been
deliberate or intentional. But what we have failed to recognize is that we cannot begin to
overcome the phobia that surrounds nuclear science until we can agree among ourselves that
such an action is an indispensable step for our science and the industries its supports to move
forward.

Technology has advanced to the point where we can detect even the most minute
amount of radiation in a given situation. We have analysed and quantified obscure isotopes,
and boasted of our abilities to manipulate atomic structures. Many of these accomplishments
dwarf the findings of previous generations, and have produced quantum leaps in the scientific
application of radiation technology.

But, at the same time, when confronted with the simple question of how much
radiation is harmful to humans, we all too often equivocate. And therein lies the flaw in our
science that separates 'good' radiation from 'bad' radiation in the minds of the general public.

We accept the fundamental truth that radiation is all around us, and each of us is
exposed to it every day. Yet when asked if we believe that the fail-safe redundancy in nuclear
power plant designs is adequate to protect public health and safety, too often we decline to
comment. When asked about the capability to safely reprocess or store radioactive waste, we
hesitate to cross the line between pure science and public policy. Given the opportunity to
influence government and industry in determining what is in the best interests of socio-
economic progress, too often too many of us are silent.

Nevertheless, when the lines between science and reality were erased, as they were
here in Goiania 10 years ago — when the safeguards of technology were breached and the
public's worst fears were realized — there was no question that the short and long term
consequences of the situation had to be dealt with quickly and confrontationally. Brazil did so
in a rather remarkable way. It mobilized the best available scientific and technical resources
and brought them to bear on the problem, and it did so simultaneously on a number of
different levels. When you talk with people who were here during the early days of the effort
and those who came into the situation during the ensuing weeks and months, you cannot help
but realize that in many ways their work could have been better organized and more efficient.
At the same time, perhaps without even realizing what they were doing, they addressed the
exposure and contamination issues more aggressively than could have ever been imagined or
preplanned.

More importantly, they seldom lost sight of the fact that the problems they confronted
were not simply technical. This was not a laboratory experiment. It was a disastrous accident
that directly affected the lives of hundreds of people, and indirectly impacted the hearts and
minds of millions of people in this community and throughout the country. What impressed
me most about the way in which the accident was handled is what came after the initial
incident was resolved — the relative openness with which the Brazilians talked about what
had occurred, the hazard, the consequences, and what would be done with the remnants of the
neighbourhood.
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With little practical experience to draw upon, the government set about almost
immediately to bring the incident to a timely conclusion, and the evidence of its success in
achieving that end lies in a landscaped park 20 kilometres from here. The legacy of the
accident at Goiania is that decisive and practical affirmative actions which strike a balance
between science and public policy in protecting public health, safety and the environment can
be accomplished.

The message to all of us should be clear. If we ever hope to build and sustain public
confidence in nuclear energy and the peaceful application of nuclear science, we need to
begin immediately to address the need for consensus on how best to protect and enhance the
progress we have made. We need to continue to debate the issues of research and discovery in
the field of nuclear science as vigorously as ever, but at the same time, we need to begin
speaking to the public in a clear and simple language that dispels unnecessary anxiety.

Generations that matured with the icons of fear and destruction from nuclear energy
are not likely to easily change their minds. But we must remember that the future generations,
as yet uninfluenced, are those who will benefit most from our work. If we fail to convince
them that our work is in their interest, they will not support us, and our efforts will be wasted.

Many of my friends in this field criticize my efforts to promote simplicity in the
discussion of nuclear technology. They warn that oversimplification of complex scientific
principles can mislead people to accept hazards that may exist, but may not yet be fully
understood. I understand and appreciate their concern. But as a former journalist, I also know
that we live in a world today in which people are overwhelmed with information they don't
understand, and they are constantly bombarded with simplistic explanations that often fail to
fully reveal the underlying truths.

People throughout the world confront relative risk decisions on a daily basis — be it
the threat of natural disaster, disease, pollution, or any of the hundreds of other hazards that
imperil life and safety. Thousands suffer and die each year in transportation accidents alone,
yet we continue to expand our mobility exponentially. Why? Because given the necessary
information to make rational decisions, people will decide for themselves whether the risk
outweighs the benefit. People fear nuclear technology because the information they hear only
relates to the risk. We have a responsibility for ensuring that they understand the benefits as
well as the relative risk involved in using nuclear technology to advance the progress of
society.

We should not reduce ourselves to discussing the science of radiation in such
elementary terms that it becomes trivial. On the contrary, we all need to find better ways to
communicate clearly and rationally with the general public in realistic, understandable
terminology. We need to quantify and emphasize the positive aspects of this science, and we
need to frame theoretical arguments in practical terms so the public can easily relate to the
issues. If we do not make a concerted effort to do so, the message, as well as our credibility,
will be lost, and the future of nuclear technology will continue to be determined by a public
policy based on fear, anxiety, and negativism.

I have been privileged to work with my colleagues in Brazil for the past three and a
half years in the development of a new radiological emergency response programme in
connection with the Angra nuclear power plant. The project has brought together the very
best resources from the scientific and engineering communities and the local, state and
federal governments to forge a unified effort aimed at protecting public health and safety.
Many of the people involved were veterans of the response effort here in Goiania. What they
brought to the emergency planning project was more than just technical expertise — it was an
understanding that communicating their purpose and objective to the public was crucial to the
success of the project.
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Abstract

PROJECT FOR THE FORMATION OF A NUCLEAR CONSCIOUSNESS.
The acceptance of the use of nuclear energy and radioactivity is still a controversial

subject — it is taboo, plagued by prejudice and the lack of information. The 1987 radiological
accident with Cs-137 in Goiania reinforced old prejudices and negative images surrounding this
issue. For this reason, the Physics Department of the Pio XII High School in Sao Paulo developed an
interdisciplinary project for high school students on the formation of a nuclear consciousness. In this
project, several aspects of this topic were discussed in chemistry, biology, Portuguese and computer
science classes. In 1995, teachers and students analysed the atomic bomb explosions of Hiroshima
and Nagasaki, in 1996, the nuclear accident at Chernobyl, and in 1997, the radiological accident of
Goiania. Beyond studying other basic subjects related to this issue (nuclear chemistry, radiation,
energy, genetics, etc.), the work included the discussion of the risks and benefits of the nuclear era,
and by considering the many sides of the issue, a balanced view was sought in the presentations to
students. Work in 1997 ended with the production by the students of 15 amateur videos which
reviewed the causes and effects of the Goiania accident, with some presentations going so far as
reconstituting the accident.

1. NUCLEAR ENERGY, RADIOACTIVITY AND EDUCATION

Our project began in 1987 when the first author, teaching in a public school in the
state of Sao Paulo, became concerned about the level of understanding of the use of nuclear
energy and radioactivity by the students graduating from high school and about the lack of
development of this topic in the physics curriculum [1]. That year, just as Brazil had joined
the 'nuclear club' — constituted by those countries which controlled the nuclear fuel cycle —
the Goiania accident with caesium-137 occurred, considered to be the largest radiological
accident in the West [2].

To obtain a better perspective of the level of understanding of this subject by the
students, several surveys were developed by physics education researchers [3-5]. In a survey
of more than 1500 high school students of public and private schools in the city of Sao Paulo,
we found that 20% of the students indicated they had no knowledge about nuclear energy and
22% had heard only about nuclear physics. Twenty-nine per cent remembered the atomic
model of Rutherford, the concept of the atom, the chemical elements and other related
subjects (electrons, neutrons, alpha particles, etc.). Only six per cent of those surveyed said
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they had already heard about cosmic rays. One and one-half per cent had heard about meson
pi and three per cent about radioactivity. Only three per cent knew how to explain what
nuclear energy was and six per cent mentioned the atomic bomb [6]. Some of the respondents
indicated where they had learned the subjects they remembered. Nonetheless, the sources
mentioned were few. Sixty per cent mentioned school and chemistry classes as their source of
knowledge of nuclear physics and atomic models. Seven per cent mentioned journals, five per
cent the newspapers, four per cent TV and only three per cent mentioned books.

We determined that the students' main source of information for the basic concepts of
nuclear energy and radioactivity were the few classes they had attended in school. This
survey confirmed the need for the proposal of a new curriculum.

2. THE TEACHING OF NUCLEAR ENERGY AND RADIOACTIVITY IN THE WORLD

In spite of the worldwide impact of the explosions of the atomic bombs in Hiroshima
and Nagasaki in 1945 and the development of the nuclear weapons race beginning in the
1950s, few projects had been developed especially for teaching these topics. Projects such as
PSSC1 and Harvard (in the United States) or Nuffield (in the United Kingdom) treated
physics in a general way by covering atomic and nuclear physics, but did not consider the
nuclear issue.

A programme covering this subject specifically — the Ionizing Radiation Project —
was developed by the University of Utrecht in agreement with the Education Ministry of The
Netherlands. Under this project, centres for the experimental teaching of ionizing radiation
were made available to teachers and students. There, through a total of 18 experiments,
professors and students could accomplish tasks such as the determination of the half-life of
caesium-137, the decay of radon-220 and the verification of Bragg's law. In the period from
1969 to 1980, these centres catered to more than 65 000 students [7]. Still in the University of
Utrecht in The Netherlands, Eijkelhof and collaborators in 1972 created the Physics
Curriculum Development Project of The Netherlands — PLON — which included the topics
of radioactivity and ionizing radiation and discussed related socioeconomic aspects, with an
optional unit on nuclear weapons [8].

At the end of the 1970s, Mikelskis and Lauterbach developed a unit covering nuclear
energy for the teaching of physics in the last grades of secondary school in the Federal
Republic of Germany.

In Israel, Ronel and Ganiel, of the Department of Science of the Weizmann Institute
in Rehovot, developed a proposal for the introduction of the topic "ionizing radiation and its
biological effects" [9]. The centrepiece of this proposal is a game in which the students
compare their own estimates of exposure levels to radiation in several types of situations,
before and after the study of the topic in the classroom, with the purpose of encouraging
students to take a critical stand based on safe information in situations where ionizing
radiation is involved, rather than on groundless impressions. Further to this project, the
researchers developed a proposal for the teaching of medical physics, establishing a
relationship between radiation and its role in medical diagnosis [10].

In Italy, at the La Sapienza University in Rome, Conforto co-ordinates a project with
physicists and biologists, together with secondary teachers, aimed at educating Italian
secondary school students in this area and allowing them discuss the use of nuclear energy,
not only for peaceful but also for military uses, as well as the risks it poses for the health of
the population [11].

1 Physical Science Study Comittee
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3. HIROSHIMA, CHERNOBYL AND GOIANIA

In Brazil, despite the great efforts made for the improvement of the teaching of
physics in the national projects of the 1970s, few steps had been taken for the inclusion of the
nuclear theme in schools. Important efforts such as the project CNEN2 GOES TO THE
SCHOOLS or the FUNDAO PROJECT of the Federal University of Rio de Janeiro
contributed to fill the gap, in spite of their limited range. Therefore, in the project we
undertook, we proposed a discussion of the Brazilian nuclear programme with a study of the
fundamental aspects of radiation physics, the processes of nuclear energy production, the
biological effects of ionizing radiation and the risk of nuclear accidents.

In 1995, as an experiment, we included the nuclear subject in the physics programme
of the senior high school at the Colegio Pio XII. To start with, we recalled that the explosions
of the atomic bombs over Hiroshima and Nagasaki had taken place five decades ago. The
activities planned included explanatory class sessions, videos, readings, the assembly of
poster panels and the production of videos.

In 1996, we began an integrated project along the lines of the programme established
at the Colegio Pio XII. In parallel with the then ongoing CNEN GOES TO THE SCHOOLS
presentations, we focused on the "100 Years Since the Discovery of Radioactivity" in three
first grade classes and covered the "10 Years Since the Chernobyl Accident" in three second
grade classes. To do this, we integrated elements of chemistry, biology, Portuguese and
computer science classes into our lectures.

In 1997, as we continued the project, we chose the second grade of high school as the
ideal forum in which to introduce the theme, because students at this level had acquired the
minimum knowledge necessary for an in-depth study. The main topic we selected was the
Goiania accident and the course was structured as it had been the previous year, with the
addition of a screening of "The Goiania Accident", a film starring Paulo Betti and Joana
Fomm. Students, split into groups, were given the assignment to produce amateur videos on
the subject. They composed letters to the authorities discussing the accident. The video
concept proved very beneficial, as it allowed for a richer representation than what had been
seen until then: in addition to a wide bibliographical research, the video demanded synthesis
and a deeper reflection on the theme. Altogether 15 videos of an average duration of 15
minutes were produced, in which the students examined the various angles of the Goiania
accident.

4. CONCLUSION

To determine the extent of the knowledge gained by the students at the end of the
project, we asked 130 of them to fill out a questionnaire (Annex I hereto). The answers
showed that 81% of the students considered that a radioactive substance and radiation were
the same thing; for 82% of the respondents, radioactive waste did not just consist of the waste
of nuclear plants and for 93%, an X ray source was different from a radioactive source.
However, for 98% radiation could be accumulated in the body; 95% believed that a nuclear
reactor with defects always released radiation and 88% thought that after removing a
radioactive source from a position, radiation would take time to disappear.

The questions were drawn from the research of Eijkelhof [13] on lay students' ideas
about radioactivity in The Netherlands and had been used in 1990 in another survey in Brazil

: CNEN: Acronym from the name in Portuguese of the Brazilian Nuclear Energy Commission.
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[14]. In our questionnaire, we included specific questions related to the Goiania accident. The
results were as follows:

- 93% believed that the doctors — the proprietors of the clinic — were the main
persons responsible for the accident;

- 92% believed that accidents of the kind which occurred in Goiania could be avoided;
- 80% believed that radioactivity could have beneficial uses, provided appropriate

safety measures were taken;
- 80% believed that the consequences of the accident were still not over;
- 75% thought that the use of radioactivity should not be abandoned, in spite of the

accident;
- 75% thought that nuclear energy and radioactivity must be taught in schools.

These results showed, first, the need to improve teaching strategy by taking into
consideration the students' misconceptions or lay ideas on the subject for the planning of the
classes. Secondly, the conceptual errors encountered in the course of the presentations
pointed up the difficulties of teaching such topics. And finally, we verified that the students
had acquired a critical perspective on the nuclear question which had allowed to them to
make their own judgements on the subject.

We concluded that the inclusion of the theme "Nuclear Energy and Radioactivity" in
the school curriculums is of highest importance for individuals to understand the risks and
benefits of this source of energy. However, we verified that this is not a simple task. It
demands dedicated preparation on the part of teachers and careful interdisciplinary planning
in terms of the contents, strategies and instruments for evaluation.
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Annex I

QUESTIONNAIRE

PART ONE

Fill in the brackets with T (true) or F (false):

[ ] 1. - A radioactive substance and radiation are the same thing.

[ ] 2. - A radioactive substance is always dangerous.

[ ] 3. - Food irradiation results in radioactive food.

[ ] 4. - A nuclear power plant can explode like an atomic bomb.

[ ] 5. — A defective nuclear reactor always releases radiation.

[ ] 6. - Radiation can be accumulated in the body.

[ ] 7. - Irradiation implies radioactive contamination.

[ ] 8. - Radioactive substances are more dangerous than other substances.

[ ] 9. - There is no difference between an X ray source and a radioactive source.

[ ] 10. - After an accident in a nuclear plant, the installation remains like Hiroshima after the
explosion of the atomic bomb.

[ ] 11. - Artificial radiation is more dangerous than natural radiation.

[ ] 12. - After a radioactive source leaves a place, radiation still remains there.

[ ] 13. - Radioactive waste comes from nuclear plants only.

[ ] 14. - Radiation floats in the air as a cloud.

[ ] 15. - Radiation provokes sexual impotence.

[ ] 16. - Radiation can be completely stopped.

PART TWO

The following statements are related to the Goiania radiological accident. Fill in the brackets
with A (Agree), P (Agree Partially) or D (Disagree):
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[ ] 1. - The scrap collectors were the only persons responsible for the accident.

[ ] 2. - The doctors — proprietors of the clinic — were the only persons responsible for the
accident.

[ ] 3. - The Government was the principal party responsible for the accident because it did
not supervise the hospital before it was closed.

[ ] 4. - It is impossible avoid such accidents.

[ ] 5. - The accident shows that the use of radioactivity must be abandoned.

[ ] 6. - Radioactivity can have beneficial uses if the necessary safety measures are taken.

[ ] 7. - The consequences of the accident are still not over.

[ ] 8. - Brazil must prohibit the use of nuclear energy and of radioactivity.

[ ] 9. - Nuclear energy and radioactivity must be taught in all schools.

238



SOCIETAL REPRESENTATIONS ON THE
ACCIDENT WITH CAESIUM-137

E.G. CHAVES
Universidade Federal de Goias/UNICAMP,
Goiania,
Brazil

Abstract

SOCIETAL REPRESENTATIONS ON THE ACCIDENT WITH CAESIUM-137.
The influence of societal representations on the theme of nuclear energy are reviewed in the

light of the public's reactions to the accident with the capsule of 137£s in Goiania. As a starting
point, it is accepted that the panic caused by the accident can be properly understood only if human
subjectivity is taken into consideration. This perspective is required whenever events unfold which
put human life and the environment at risk. Faced with the accident, the public internalized
radioactivity — an element unknown to them — as a certainty of contracting cancer and ultimately
death, despite the fact that such outcomes can only be the result of excessive exposure to
radioactivity.

1. INTRODUCTION

Bearing in mind the impact of the accident with the capsule of 137Cs in Goiania at the
local and national levels in Brazil, this occurrence is discussed from the standpoint of societal
representations, a theory which permeates philosophy, social psychology and social science.

The data referred to in the present analysis were culled from newspaper clippings filed
at the offices of the Brazilian national Nuclear Energy Commission (CNEN) in Goiania. The
files, composed of 19 volumes, contain some 3650 articles from various sources covering the
accident from the very first moment up until today. The newspapers used as sources were: 'O
Popular' and 'Diario da Manha', two local newspapers, along with 'Folha de Sao Paulo',
'Estado de Sao Paulo', 'Jornal do Brasil' and 'O Globo', which are national and widely read
newspapers.

The starting point for the research was the sense of panic, restlessness and fear the
accident provoked in the local and national populations as an effect of the societal
representations that have emerged around the world since the beginning of the use of nuclear
energy.

In order to analyse and reflect upon societal representations, two authors in particular
are referred to: Lefebvre [1], who theorizes from the standpoint of philosophy, and Moscovici
[2], who takes the social psychology approach.

We adopt the notions which are common to both, namely, that representations are
forms of knowledge which direct social conduct in everyday life and which model the actions
of individual persons.

Moscovici and his disciples consider that representations are a style of proper
knowledge in modern society, where science penetrates into the various aspects of routine.
They presuppose that there are two distinct classes of universes of thought: the 'consensual'
universe, where the societal representations are produced, and the 'reified' universe, where
the scientific and advanced thoughts are produced, each one with its own mechanism and
rules.

Lefebvre assumes that representations are facts of conscience, social or individual,
which imply a value, positive or negative, imputed to words or images that make them up. To
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him, the appraised 'object' may arise as much from the memory as from the anticipation of a
virtuality by the imaginary.

Therefore, as societal representations are facts of social, psychological and political
order, this theory is appropriate to analyse events such as the accident, the ramifications of
which were ultimately powerfully influenced by the objective and subjective dimensions of
reality.

2. NUCLEAR ENERGY: THE GENESIS OF FEAR

The presupposition that the anxiety, panic and fear produced by the accident are due
to societal representations built around the use of radioactivity allow to understand how these
representations were created in another moment of recent history, remained stored in the
societal imaginary and were relived or reactivated at each serious event related to the use of
nuclear energy, as occurred in Goiania.

Hobsbawn, in his reflections on the twentieth century, acknowledges that this is a
century marked by the persistence of wars. "One lived and thought in terms of a world war
even though the cannons were shut up and the bombs were not exploding." [3]

He goes further to assert, in the context of the Cold War: "Entire generations were
raised under the threat of global nuclear battles that, one believed, could begin at any moment
to destroy humanity. Eventually it did not happen, but for about forty years it seemed to us a
daily possibility." [4]

The origin of fear and the representations about nuclear energy evolved in this martial
context. More precisely, they were an offshoot of the end of World War II, when the atomic
bombs were dropped on Hiroshima and Nagasaki, thus revealing to the world the destructive
power of the new form of energy being used. At that moment, the image of the atomic
mushroom, with all the horror it provokes, materialized and took root in the societal
imaginary.

The destructive aspect immanent in nuclear energy was not forgotten, since it had
been fed by the conflicting interests of the United States and the Soviet Union in the context
of the Cold War. Political speeches and confrontations added emphasis to this dimension of
nuclear energy, which was picked up by the media, didactic books, the arts and in particular,
the movie industry and television, two powerful vehicles of language, image and
communication.

Thus, the benefits to mankind of this form of energy were being suppressed in the
societal imagery by the evocation of its destructive utilization and horrible consequences.
Nevertheless, to those who, because of their professional activities - physicists, doctors,
technicians - did not lose sight of the creative potential radioactivity brings to man, the
evaluation of nuclear energy was quite positive. By contrast, the lay public, who ignored the
wide range of its application in everyday life and the technology it generates, oscillated
between indifference and, when confronted with the risk inherent in its utilization, a strongly
negative opinion.

3. THE ACCIDENT, THE MEDIA AND PUBLIC BEHAVIOUR

Technically acknowledged on 29 September, the facts about the accident were first
reported to the public by the radio and television on that same day. On 30 September, the
newscasts about the event were still restricted to the local media. However, the accident
became the main topic in the national and international media broadcasts on the following
day. The news channels' approach to reporting was based on two priorities: first, to inform
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the public about the accident itself and report what was going on and secondly, to explain
what radiation really meant, what the accident was about and what the consequences might
be. The media also reported on the technical actions being taken and the response of the
population.

On 1 October, with the exception of Estado de Sao Paulo, which carried an article
about the accident in an inside page, all the other newspapers gave extensive coverage to the
event. The articles reported on a serious accident, involving a radioactive caesium isotope,
following which a considerable number of people were taken to hospital or were being
isolated under suspicion of contamination by radioactivity. According to the news on this
date, a high dose of radiation might cause cancer, followed by death. News accounts also
noted the existence of an institution named CNEN, which was responsible for the control of
radioactive sources and which had dispatched technicians and experts to Goiania to take care
of the persons directly affected by the accident and to deal with its consequences.

Simultaneously, the media, with the aid of information passed on by the technicians
and scientists, tried to explain to the public the meaning of terms or concepts such as
caesium-137, radiation and its employment, and the like. On 1 October for instance, Folha de
Sao Paulo published an article under the heading "Material is obtained from uranium fission"
based on information provided by Robert Fulfaro, the Director of IPEN (Nuclear and Energy
Research Institute). Fulfaro declared that "Caesium-137 is a radioactive material, produced by
uranium fission, presented in the form of salt (chlorides or carburets), usually present in
ceramic pastilles." On the same day Jornal do Brasil published on page 12 an article entitled
"A mortal medicine", quoting Professor Bemado Blun, from Santa Ursula University, who
stated that "The caesium-137 isotope largely used by nuclear medicine for the control of the
growth and spreading of tumours, when in direct contact with a living being, may cause the
opposite effect of the therapy [...] depending on the amount of radiation liberated on an
individual, the caesium-137 will provoke, immediately, severe bleeding, paralysis of the
central system and finally, death. In the long run it causes cataracts, leukaemia, cancer [...]."

Obviously, the press had adopted a discursive style in which the reliability of the
testimony was to be linked to the degree of knowledge attributed to the person quoted, who,
in turn, was subscribed by the institution he or she represented. Furthermore, the attempt to
translate to the public the meaning of the technical terms employed to describe the accident
was continuously referring to a non-existent prior knowledge, even among those who were
used to reading the newspaper, i.e. those persons who were confined to the 'reified' universe.
Therefore, the consequences of the damage that radiation caused to the human body were
fully known by the population, but this understanding did not come from a specialized skill or
from the acquaintance with nuclear medicine or physics. In this way, the media was
responsible for the mediation between the 'reified' and 'consensual' universes. Owing to the
media's immediate action, the uncommon became familiar. Nevertheless, for this knowledge
to become internalized, it was necessary for it to spread orally — it had to become the main
theme of conversations in cafes, homes, offices, shops and streets. In the process, the social
memory of similar accidents was activated.

The characteristic behaviour of the public at the time was typified by the following
newspaper articles:

• On 3 October, a first page headline in the Folha de Sao Paulo said: "Locals leave
their houses for fear of radiation", referring to the desertion of their homes by the
people who lived close to the focus of the contamination (epicentre) in the areas of the
city called 'Central' (where the capsule was first split open), 'Aeroporto' (where the
capsule was opened completely) and 'Norte Ferroviario' (where the fragments of the
capsule were manipulated).
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• On the same day, O Popular - a local newspaper - published an article entitled
"The industry of gossip" which said stated: "The population had so many doubts that
the public authorities went on the air to explain the accident and set up a direct-dial
service for radio listeners. Almost 2000 calls were received daily, which showed how
misinformed people were."
• On 13 October, Jornal do Brasil ran an item on page 4 entitled "Fear empties
INAMPS Hospital". The article stated: "HGG (the General Hospital of Goiania) is the
largest emergency hospital in Goiania, but as the people directly involved in the
caesium-137 accident have been taken there, new patients are opting to go to the
University Hospital [...]. On normal days, HGG admits some 1500 patients.
Yesterday, only four patients were admitted there."
A few days after the disclosure of the accident, at least five per cent of the population

presented symptoms of contamination, a figure which illustrates how the panic had taken
hold in people's minds. This fact was verified by Donald Clarke Binns, a technician from
CNEN who was responsible for the measurement of radiation in a soccer stadium in the
downtown area which had temporarily been converted into a public ambulatory. Aside from
the repeated cases of somatization, another important factor was the state of confusion in the
public, in spite of the massive amounts of information they were receiving. This uncertainty
would lead an observer to conclude that either the public did not trust the information
provided to them or they lacked the conditions to process it.

It is important to emphasize at this point that a state of insecurity and anxiety began to
guide the behaviour of the population. People were moving away from the vicinity of the
epicentre, families were denying shelter to relatives made homeless by the accident, even a
visitor from the affected neighbourhood would not be welcome in other people's houses.
Discrimination across the nation was not only felt badly by the population from Goiania and
the state of Goias, it also affected the products and goods exported from the region.

Some tried to interpret these attitudes as a factor of the way the media had dealt with
the problem. In their view, the scope of the response was directly proportional to the extent of
media coverage and the way the issues had been manipulated. This is an approach which
privileges only the visible side of the problem and it does make sense. However, a strong
argument can also be made that the repercussions of the accident were directly linked to
societal representations and the way they were processed by the public. In this regard, the
need to incorporate the dimension of subjectivity when analysing real social phenomena must
be acknowledged.

4. THE ASSOCIATION WITH THE CHERNOBYL ACCIDENT

Amongst the articles selected for quotation and discussion is that on page 16 of O
Estado de Sao Paulo of 1 October, 1987 entitled: "Nuclear radiation contaminates 60
individuals in Goiania". According to the report, twenty contaminated individuals were still
under intensive care and forty were being observed in isolation until it could be ascertained
that they were not contaminated. The article stated: "According to technicians from CNEN in
Rio de Janeiro, the device which caused the accident - a caesium-137 isotope, was an element
also present in the accident of Chernobyl, in the Soviet Union [...]". This article was the first
in a series to refer to one point we consider very important to understand the reasons for the
magnitude of the impact of the Goiania accident.

On the ensuing days, the association of this accident with the Chernobyl nuclear
disaster was present in every newspaper. The first source of information which made possible
the construction of such a comparison was the declaration of a CNEN director in Rio. This
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declaration paved the way for the consolidation of this construction in the societal
representations about the accident. Now there was a real reference for which to look when
considering what radiation really meant: Chernobyl was the Symbol everyone was searching
for, the materialization of the accident in Goiania, with all its implicit consequences.

But this reference touches on another very important matter in the analysis of the
accident: when dealing with the peaceful or military uses of nuclear energy, it is impossible to
confine them to regional history. If the interest of science permits the rapid installation of
international schemes to control and repair the damage caused by nuclear accidents, the
public will rectify even faster their own representations on this subject and through them,
construct their own way to deal with this problem.

To comprehend what radiation, contamination, caesium-137, the atom, etc. are, is
certainly a very difficult endeavour for any population. But they can and will compare this
information with that stored in the societal memory of similar events in history.

On 4 October, 1987 the declaration of the supervisor of the CNEN staff sent to
Goiania for the decontamination procedures, Carlos Eduardo Almeida, was reproduced under
the title "Radiation is stronger than in Chernobyl" on the first page of O Globo. The article
stated: "The gamma radiation liberated by the capsule of caesium-137 is more harmful than
alpha and beta radiation because it has a greater power of penetration (it can reach a depth of
10 cm and hit the liver and spine medulla). The beta radiation spread by Chernobyl, in the
Soviet Union, for instance, only reaches a depth of 5 mm." The point here was to compare
two different types of radiation in order to demonstrate that the gamma radiation emitted by
the caesium-137 was much more harmful than the alpha and beta radiation released in
Chernobyl. This assessment could be assimilated by part of the public. However, the
mediations constructed by the technical and scientific reasoning were removed and a literal
interpretation of facts of a similar nature prevailed. The result was even more panic and fear
in the population.

Similarly, on 4 October, Diario da Manha, a local newspaper, published a long
commentary of the accident under the ironic title "Chernobyl in the Plateau", using an
expression first coined by O Globo. This association, no matter how involuntary, reveals at
once the universal and local characterization of the accident. To assimilate this
characterization fully, it would be necessary to understand the specific characteristics of the
Goiania event and the fact that the equipment had been abandoned as scrap, the
irresponsibility at all levels in relation to the storage and care of the radioactive device, the
way the machine was manipulated by those who had removed it from the abandoned
building, etc. These antecedents add a peculiar dimension to the accident and allow its
specificities to come to light. Still, as a whole, the accident can only be properly understood if
the elements which lend a globalized and universal meaning to it — namely, that it happened
primarily as the result of the use of nuclear energy at the end of this century, with all the
consequences, predictable or unpredictable, that such use entails — can be added to its
specific characteristics.

5. CONCLUSION

One can conclude, therefore, that the feelings of insecurity, restlessness, fear and
panic which overcame the population were provoked, on the one hand, by the representations
derived from the materials aired by the media, and, on the other, by the representations
present in societal memory, constituted by the remembrance of other facts linked to the use of
nuclear energy.

243



REFERENCES

[1] MOSCOVICI, S., A Representacao Social da Psicanalise (The Social Representation of
Psychoanalysis), Zahar, Rio de Janeiro (1976) 25.

[2] LEFEBVRE, H., La Presencia y la Ausencia, Contribution a la Teoria de las
Representaciones, Fondo de Cultura Economica, Mexico (1983).

[3] HOBSBAWM, E., Era dos Extremos, O Breve Seculo XX (The Age of Extremes, The
Short Twentieth Century), Companhia das Letras, Sao Paulo (1995) 34.

[4] HOBSBAWM, E., ibid., p. 224.

244



ASPECTOS SOCIOECONOMICOS Y DE
OPINION PUBLICA EN EMPLAZAMBENTOS XA9949025

PARA RESIDUOS RADIACTIVOS

V. GONZALEZ
Empresa National de Residuos Radiactivos (ENRESA),
Madrid,
Espana

Abstract-Resumen

SOCIO-ECONOMIC ASPECTS AND PUBLIC OPINION CONCERNING RADIOACTIVE
WASTE SITES.

Spain has nine nuclear power units in operation covering 33% of the country's electricity
consumption. Radioactive waste management in Spain is carried out by Empresa Nacional de
Residuos Radiactivos, S.A. (ENRESA), a public sector company created by the Government in 1984.
ENRESA has developed a management system for low and intermediate level waste. For spent fuel
and high level waste, it has enlarged the capacity of the reactor pools and has licensed, in the United
States and in Spain, a dual-use container for use in case the capacity of any pool is exhausted before
the end of the reactor's service life. In Spain, as in all other countries, there is public opposition to
radioactive waste management. This opposition is basically attributable to the lack of objective
information causing the public to base its opinion on the alarmist approach taken by the mass media
reports on radioactivity or nuclear power plants. ENRESA has had to conduct its activities in this
context, pursuing an active policy of communication and information.

ASPECTOS SOCIOECONOMICOS Y DE OPINION PUBLICA EN EMPLAZAMIENTOS PARA
RESIDUOS RADIACTIVOS.

Espana cuenta con nueve grupos nucleares en operacion que producen el 33% de la energia
electrica consumida en el pais. La gestion de los residuos radiactivos en Espana la realiza la Empresa
Nacional de Residuos Radiactivos, S.A. (ENRESA), empresa publica creada por el Gobierno en
1984. ENRESA ha puesto en marcha un sistema de gestion de residuos de baja y media actividad. En
lo que se refiere al combustible gastado y residuos de alta actividad, ENRESA ha ampliado la
capacidad de las piscinas de los reactores y ha licenciado, en EE.UU. y en Espana, un contenedor de
doble uso, para ser utilizado en el caso de que la capacidad de alguna piscina se sature antes del fin
de la vida util del reactor. En Espana, como en el resto de los paises, existe una oposicion del publico
a la gestion de los residuos radiactivos. Esta oposicion se debe fundamentalmente a la falta de
informacion objetiva que permita al publico no basar su opinion en los topicos alarmistas que los
medios de comunicacion utilizan cuando informan sobre la radiactividad o las centrales nucleares.
ENRESA ha tenido que desarrollar sus actividades en este contexto, aplicando paralelamente una
polftica activa de comunicacion e informacion.

Espana cuenta con nueve grupos nucleares en operacion, con una potencia instalada
de 7,3 GWe, que producen el 33% de la energia electrica consumida en el pais. Ademas hay
un reactor en fase de desmantelamiento.

La gestion de los residuos radiactivos en Espana la realiza la Empresa Nacional de
Residuos Radiactivos, S.A. (ENRESA), empresa publica creada por el Gobierno en el ano
1984.

En sus algo mas de 10 aiios de existencia, ENRESA ha puesto en marcha un sistema
de gestion de residuos de baja y media actividad que incluye la recogida, transporte,
acondicionamiento, caracterizacion de los residuos acondicionados y almacenamiento
definitivo de los residuos de estas caracteristicas, generados por las centrales nucleares y por
los pequenos productores.
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Se ha desmantelado y recuperado ambientalmente una antigua fábrica de concentrados
de uranio, con un dique de 1 200 000 toneladas de estériles. ENRESA espera asumir la
condición de explotador responsable de la Central Nuclear de Vandellós I en pocas semanas,
para iniciar su desmantelamiento a nivel 2.

En lo que se refiere al combustible gastado y residuos de alta actividad, ENRESA ha
ampliado la capacidad de las piscinas de los reactores, utilizando bastidores compactos de
última generación, y ha licenciado, en EE.UU. y en España, un contenedor de doble uso
(almacenamiento y transporte) para el combustible gastado, para su utilización en el caso de
que la capacidad de alguna piscina se sature antes del fin de la vida útil del reactor. Estas
operaciones de ampliación de piscinas y licénciamiento de contenedores han sido necesarias
por no haber podido construir, hasta el momento, un almacén temporal centralizado de
combustible gastado.

Por último, ENRESA lleva adelante planes de estudios geológicos y de I+D asociados
a la gestión de residuos de alta actividad, cuyo objetivo es, de una parte, tener un
conocimiento profundo de la geología española, y de otra, desarrollar todos los parámetros
necesarios para demostrar a las autoridades reguladoras, la operación sin riesgos de un
almacenamiento definitivo de residuos radiactivos de alta actividad.

En España, como en el resto de los países, existe una oposición del público a la
gestión de los residuos radiactivos. Esta oposición está originada por motivos diversos pero,
fundamentalmente, se debe a la falta de información objetiva que permita al publico no basar
su opinión en los tópicos alarmistas que, generalmente, los medios de comunicación llevan
adelante cuando informan sobre los temas relacionados con la radiactividad o las centrales
nucleares.

La razón de esta situación está, por una parte, en la falta de consenso político, que
hace que los asuntos relacionados con estas materias los utilice la oposición política a
gobiernos municipales y regionales de tal manera, que todos los partidos parecen estar en
contra de las actividades relacionadas con la energía nuclear. A esto se une la política de los
grupos ambientalistas de oponerse a la energía nuclear, impidiendo la gestión de los residuos
radiactivos como estrategia para el abandono de la energía nuclear. Esta estrategia ecologista
está muy apoyada por algunos medios de comunicación, que sostienen las declaraciones de
estas asociaciones como si fueran las más fundadas entre todas las que se hacen sobre estos
asuntos. ENRESA ha tenido que desarrollar su actividad en este contexto, aplicando
paralelamente una política activa de comunicación e información, a través de unos Planes de
Comunicación.

En el ámbito local, que es en los que se han desarrollado las actividades de
almacenamiento definitivo de residuos de baja y media actividad y el desmantelamiento de la
fábrica de concentrados de uranio, la aplicación de los Planes ha sido satisfactoria. De hecho,
ha sido relativamente fácil informar a una gran proporción de la población del entorno de las
instalaciones; sin embargo, cuando se han acometido acciones más dispersas, relacionadas
con la búsqueda de emplazamientos para el almacenamiento de residuos de alta actividad, se
han tenido grandes dificultades, tanto para llevar a cabo estudios geológicos como para
realizar investigación en campo, ya que los grupos ecologistas han informado a la población
de que ENRESA intentaba emplazar un almacenamiento de residuos de alta actividad y
argumentaban que este asunto sería la muerte de la comarca.

Desde 1986, en que se iniciaron los estudios geológicos y los programas de
investigación en campo, los trabajos se fueron desarrollando con dificultad creciente. En
1996, cuando había que avanzar, más en profundidad, en ambos tipos de trabajos, la situación
sociopolítica se hizo difícil. Sin embargo, una de las labores incluidas en el Plan de
Comunicación, que venía llevándose a cabo de forma continua y regular, dio resultado: se
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llegó al consenso entre todos los grupos políticos en el Senado español, creándose una
Ponencia para estudiar a fondo la situación de la gestión de los residuos radiactivos y
proporcionar al Gobierno unas conclusiones para su actuación. Esta Ponencia está finalizando
actualmente sus conclusiones y se espera que, en breve, las proponga al Gobierno; entre las
conclusiones más importantes puede estar la elaboración de una Ley que permita a ENRESA
llevar adelante el trabajo, sin las trabas anteriores. El procedimiento ha sido muy análogo al
que se realizó en Francia, a partir de 1989, y que concluyó con una Ley aprobada en la
Asamblea francesa en 1991.

Con el desarrollo de este proceso, ENRESA espera continuar los trabajos, aunque no
sin dificultades, ya que es bien conocido que el consenso que se ha conseguido a nivel
nacional no es fácil lograrlo a nivel local, pero es un gran paso para continuar con los
trabajos, sobre todo de investigación.

El Plan de Comunicación de ENRESA incluye un gran número de acciones diferentes,
cuyo objetivo es dar información al público en general y a los líderes de opinión. Las
acciones principales son las siguientes:

- Visitas a Centros de Información e Instalaciones. ENRESA ha construido cuatro
Centros de Información situados en las oficinas de Madrid, en la antigua fábrica de
concentrados de uranio, en el almacenamiento de residuos radiactivos de El Cabril, y
un Centro Móvil que se va a situar, inicialmente, en la Central de Vandellós I, cuyo
desmantelamiento a Nivel 2 se espera iniciar en las próximas semanas. En estos
Centros se recibirá a entre 15 000 y 20 000 personas por año.

- Información individualizada a periodistas especializados en temas de medio ambiente,
a responsables políticos y a otros líderes de opinión a nivel local, regional y nacional.
Esta información incluye visitas a instalaciones extranjeras.

- Organización de cursos sobre gestión de residuos radiactivos, para profesores,
médicos, políticos, etc., a los niveles local y nacional.

- Patrocinio de seminarios, cursos, etc., relacionados con el medio ambiente, educación
y otros, y colaboración con instituciones de prestigio como la Cruz Roja, WWF, etc.

- Edición de revistas de difusión nacional y local, con ediciones de 5000 copias,
enviadas fundamentalmente a líderes de opinión.

- Edición de libros, catálogos, videos, etc., sobre la gestión de los residuos radiactivos y
actividades anejas.

- Estudios socioeconómicos en las zonas de influencia de las instalaciones, con el
objetivo de colaborar con las Administraciones Locales para optimizar las inversiones
asociadas a los recursos generados por ENRESA.
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Abstract-Resumen

THE RADIOLOGICAL ACCIDENT OF GOIANIA AND THE ACCEPTANCE BY THE PUBLIC
OF NEW NUCLEAR POWER PLANTS.

Misunderstandings on the peaceful uses and the safety of nuclear energy have been a leading
cause of apprehension in Brazilian public opinion. A lack of knowledge of the characteristics and
destination of radioactive wastes and negative media coverage of the use of nuclear energy have
aggravated this situation. Believing that applications of nuclear energy are harmful to the
population's welfare and the environment, Brazilian public opinion is opposed to the utilization of
nuclear energy, and in particular to the construction of new nuclear power plants. For this reason, the
Brazilian nuclear sector should promote a more intensive programme of public discussion, directed
not solely at the technical and scientific communities, but also at the Brazilian public at large. Such a
campaign would contribute towards a better understanding by Brazilian society of the different uses
of nuclear energy and would present arguments in support of the benefits of this form of energy.
Moreover, a campaign of this kind would show that negative associations about the use of electricity
derived from nuclear power, which are based on the Goiania radiological accident, are not justified.

EL ACCIDENTE RADIOLOGICO DE GOIANIA Y LA ACEPTACION PUBLICA DE NUEVAS
CENTRALES NUCLEARES.

Los conceptos erroneos respecto de los usos pacificos de la energia nuclear y la seguridad
nuclear han sido causa importante de aprension en la opinion publica brasilefia. El desconocimiento
de las caracteristicas y el destino de los desechos radiactivos y la coberrura negativa que dan los
medios de difusion al uso de la energia nuclear han agravado esta situacion. A causa de su creencia
en que las aplicaciones de la energia nuclear son nocivas para el bienestar de la poblacion y el medio
ambiente, la opinion publica brasilefia se opone a la utilization de este tipo de energia, y en
particular, a la construction de nuevas centrales nucleares. Por este motivo, el sector nuclear
brasileiio debe promover un programa de debate publico mas intenso, no solo dirigido a los circulos
tecnicos y cientificos, sino tambien al publico brasileno en general. Esa campana contribuiria a lograr
que la sociedad brasilefia conociera mejor los diversos usos de la energia nuclear y daria argumentos
a favor de las ventajas que reporta esta forma de energia. Ademas, una campana de este tipo
demostraria que son infundadas las asociaciones negativas que se hacen con el empleo de la energia
nucleoelectrica para generar electricidad, surgidas como consecuencia del accidente radiologico de
Goiania.

1. INTRODUCTION

La Central Nuclear de Angra 1 fue objeto aislado de las criticas hechas por los
desinformados y opositores del sector nuclear, hasta la manipulation de una fuente de
cesio 137 (1.375 Ci) en la ciudad de Goiania, en setiembre de 1987.

Desde entonces, las aplicaciones y los beneficios de la energia nuclear son criticados
con mas vehemencia por la poblacion brasilefia. Frecuentemente se hacen asociaciones entre
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los accidentes de Three Mile Island y Chernobyl y el accidente radiológico ocurrido en el
centro-oeste brasileño. Este cuadro falso y engañoso es explotado por periodistas y autores de
libros sin la mínima información, que en muchos casos pueden ser tachados de
sensacionalistas baratos que se valen de la falta de conocimiento del público en general, como
medio de vida.

Según el trabajo realizado por las investigadoras Gibelli y Xavier [1], "la opinión
pública es moldeada por los medios de comunicación". Este juicio también es compartido,
entre otros, por Lameiras, Souza y Spitalnik [2], lo que es una constatación patente y
evidencia la necesidad de tomar medidas que tengan por objeto desmontar la prevención del
público con relación a las aplicaciones nucleares [1-3].

El proyecto "CNEN VA A LAS ESCUELAS", destinado al esclarecimiento de la
población brasileña, tiene un valor limitado, dada la magnitud del mismo. La población de
Goiánia representa una décima parte de la residente en la ciudad de Sao Paulo. Los congresos
del sector nuclear (Congresso Geral de Energia Nuclear-CGEN, Encontró Nacional de Física
de Reatores-ENFIR, Encontró Nacional de Aplicacoes Nucleares-ENAN, etc.) pues, tienen
poco alcance. De acuerdo con el presidente de la Asociación Latinoamericana de Sociedades
de Biología y Medicina Nuclear (ALASBIMN), Edwalgo Camargo, es necesario promover
una no tímida campaña sobre los beneficios de la energía nuclear, como forma de
desasociarlos de los accidentes arriba citados.

La falta de conocimiento sobre las diferencias existentes entre los reactores nucleares,
así como sobre los desechos radiactivos generados (sus características y formas de
disposición), también contribuyen a que las personas se pongan contra la generación
nucleoeléctrica.

En un país que está promoviendo el cambio institucional del sector eléctrico, es muy
importante que el sector nuclear se haga efectivamente presente, demostrando que en
términos ambientales y estratégicos tiene ventajas que ofrecer, sin estar ligado a accidentes
radiológicos como el de Goiánia.

2. LA NUCLEOELECTRICIDAD

El sector eléctrico brasileño está pasando por un proceso de desregulación,
modificando la hoy compleja estructura institucional, donde participan empresas federales,
estatales, privadas y el segmento de autoproductores. En la estructura vigente, la Unión posee
los derechos de explotación de los servicios e instalaciones de energía eléctrica en todo el
país. A través del régimen de concesión o permiso, las actividades de generación y
distribución son ejecutadas por empresas públicas y particulares, bajo la administración de
Eletrobrás. Dentro de este cuadro, al contrario de lo que ocurre en muchos países del mundo,
la generación termoeléctrica en el Brasil todavía tiene un papel secundario. La producción de
energía eléctrica en el país es garantizada por las hidroeléctricas (96%), dejando a las
termoeléctricas la complementación de los sistemas interconectados y también el suministro
de los sistemas aislados.

En este contexto, la central nuclear Angra 1 tiene en comparación una muy escasa
participación en la generación de electricidad en el Brasil.

El Cuadro I presenta la cantidad de electricidad generada por la central nuclear
Angra 1, de 1984 a 1996 (19 323 TW-h). Este valor es igual a una décima parte de la
producción de electricidad en el Brasil en 1985 (193 682 TW-h) [4].

Por los datos arriba expuestos podemos deducir que la central nuclear Angra 1 podría
haber producido más electricidad, si hubiese trabajado a plena potencia (más tiempo en la
red).
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CUADRO I. ELECTRICIDAD GENERADA
POR LA CENTRAL NUCLEAR ANGRA 1
(Fuente: Eletrobrás [4].)

Año

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Total

Energía (GW-h)

1643
3381
144
974
608
1830
2237
1442
1759
442
55

2519
2289

19 323

A pesar de la privatización del sector eléctrico nacional, de la disponibilidad de otros
productos energéticos, así como de la viabilidad de interconexión con otros países, la
generación nucleoeléctrica no debe ser totalmente descartada del cuadro de opciones, dadas
las reservas existentes de uranio y las perspectivas de agotamiento del potencial hidráulico
del país, a corto y medio plazo. En otras palabras, una alternativa de generación de
electricidad, técnica y ambientalmente viable en estos días, aunque tenga restricciones
económicas, no puede ser desconsiderada, teniendo en cuenta el potencial de generación
eléctrica del país en los próximos años [5].

Con la entrada en explotación de la central nuclear Angra II, la participación de las
nucleoeléctricas será obviamente mayor, pero todavía tímida. En las próximas décadas las
termoeléctricas deberán tener mayor participación en el parque generador nacional.

El Cuadro II nos presenta el inventario de embalajes que contienen los desechos
radiactivos generados por la central nuclear Angra 1 en el período de 1984 a 1986. Cabe
señalar que los datos relativos al combustible irradiado no fueron computados dada la
posibilidad de que un día lleguen a ser reprocesados.

Este inventario, que representa 1090 m3 (3712 Ci) de desechos radiactivos, no puede
ser confundido con aquellos generados en la preparación de radisótopos y radiofármacos, ya
que es más homogéneo y carece de emisores alfa (desconsiderando el combustible irradiado).
Del Cuadro II, también podemos deducir que por cada TW-h de electricidad generada se
produjeron 56,4 m3 de desechos radiactivos, con 192,1 Ci.

Como todavía no hay un depósito para la recepción de los desechos radiactivos
generados por Angra (!), los embalajes están siendo almacenados provisionalmente en
galpones al lado de la instalación, hasta que se defina técnica y políticamente el local. Se debe
resaltar que la CNEN y Fumas tienen bajo control estos embalajes, de forma que no presentan
riesgo para el trabajador ni para el público.

*1 curio = 37 GBq.
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CUADRO II. INVENTARIO DE LOS DESECHOS GENERADOS POR
LA CENTRAL NUCLEAR ANGRA 1 (Fuente: CNEN/RJ [6].)

Filtros (208 L)

Concentrado del
evaporador

No comprimible
(208 L)

No comprimible
(208 L)

Resinas (208 L)

Comprimible
después de
segregación (208 L)

Inactivos (208 L)

Número de
embalajes

211

2175

82

489

390

1505

169

Volumen (m3)

43,89

452,40

102,34

97,55

81,12

313,04

35,15

Actividad (Ci)

141,00

49,00

64,90

31,20

3400,00

25,90

-

3. LOS RADISOTOPOS Y RADIOFARMACOS

Para los ignorantes, la energía nuclear es sinónimo de reactor nuclear de potencia
(electricidad) o incluso de artefactos nucleares (bombas atómicas). A causa de la falta de
divulgación adecuada, pocos son aquellos que tienen conocimiento de la diversidad y
beneficios de las aplicaciones nucleares.

La medicina nuclear tomó impulso en el Brasil con el inicio de la producción y
distribución de radiofármacos por el IPEN, en 1959. En otras palabras, 25 años antes de que
la central nuclear Angra 1 entrara en operación comercial y generase electricidad, el IPEN ya
estaba produciendo y distribuyendo el yodo 131, destinado al diagnóstico y terapia del
tiroides. Muchos de los trabajos que son ejecutados en el IPEN se deben a la instalación y
operación del reactor nuclear IEA-R1. ¿Cuántas personas saben que Brasil dispone de un
reactor nuclear productor de radisótopos desde hace 40 años y que a lo largo de este tiempo
no fue objeto de la atención de la población, por la ausencia de accidentes dignos de señalar y
que, más aún, este reactor es fundamental en la atención dispensada por centenares de
clínicas, hospitales y universidades en todo el Brasil, hecho que beneficia a alrededor de un
millón de pacientes por año [7]?

De la misma forma que se desconocen sus usos no dirigidos a la generación de
electricidad, poco o casi nada se sabe sobre los productos y sus implicaciones en la medicina,
agricultura, industria y medio ambiente [8]. Como agravante, se publican artículos y libros
que contienen errores primarios grotescos que inducen a los lectores a tener una pésima
imagen del sector nuclear. Esos lectores, de una cierta forma, son también formadores de
opinión, pues expresan a otros sus posiciones desfavorables, citando fuentes que por
desgracia no merecen crédito.
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CUADRO III. DISTRIBUCIÓN GEOGRÁFICA
DE INSTALACIONES RADIACTIVAS (Fuente:
CNEN-Río de Janeiro [6].)

Región

Norte

Noreste

Sureste

Sur

Centro-oeste

Total Brasil

Instalaciones radiactivas
a diciembre de 1996

39

264

1575

302

104

2284

CUADRO IV. ENTIDADES REGISTRADAS POR AREA DE
ACTUACIÓN (Fuente: CNEN-Río de Janeiro [6].)

Area

Medicina

Industria

Investigación

Distribución

Servicios

Total

Activos

696

620

374

51

18

1759

No activos

297

119

92

10

7

525

Total 1996

993

739

466

61

25

2284

Los Cuadros III y IV presentan, respectivamente, la distribución geográfica y por área
de actuación de las instalaciones radiactivas registradas por la CNEN, hasta diciembre de
1996.

Las cifras arriba presentadas demuestran que Brasil utiliza millares de fuentes
radiactivas, en la mayoría de los casos de baja actividad. Solamente una parte menor de las
mismas utiliza fuentes y materiales radiactivos de actividad más alta. Los radiofármacos
usados para diagnóstico tienen una actividad del orden de mCi o uCi, mientras que los
equipos de gran porte operan con actividades elevadas. En el Estado de Sao Paulo se
encuentran tres irradiadores (Johnson, Embrarad e Ibras-CBO) con las siguientes actividades:
2,3 MCi, 1,5 MCi y 3 MCi, respectivamente.

La producción, fraccionamiento, purificación de materiales, así como la preparación y
recepción de fuentes de radiación, para las más diversas aplicaciones producen desechos
radiactivos que son almacenados provisionalmente en los institutos de la CNEN (Sao Paulo,
Minas Gerais, Río de Janeiro). Goiás es el único Estado brasileño que dispone de un depósito
(local definitivo), como consecuencia del accidente radiológico de Goiánia.
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CUADRO V. DESECHOS RADIACTIVOS ALMACENADOS Y
DISPUESTOS (Fuente: CNEN-Río de Janeiro.)

IRD

IEN

CDTN

IPEN

Abadía de Goiás

Actividad (Ci)

0,17

90,15

2927,57

7130,25

1340,00

Volumen (m3)

N.D.

7

30

473

3500

El Cuadro V presenta el inventario de desechos radiactivos que están bajo la
responsabilidad de la CNEN (Ley 7.781 del 27/06/89). Nótese en el mismo que, sin
considerar los desechos de la central nuclear Angra 1, Torta II y Mesotório (Complejo
Industrial de Pocos de Caldas-CIPC, Central de Santo Amaro-USAM, Botuxim), el IPEN
almacena los desechos con mayor actividad total, ya que recibe muchas fuentes de otros
Estados a causa de la inexistencia de un depósito nacional.

4. CONCLUSIONES

No se puede negar que el sector nuclear brasileño tiene un programa tímido de
divulgación y esclarecimiento de las materias propias de su área de actuación. El proyecto
"CNEN VA A LAS ESCUELAS" (Goiánia), el Centro de Informaciones de Fumas en Angra
dos Reis, el programa de ABEN, y los informativos "Brasil Nuclear" y "Fonte Nuclear",
tienen un valor incuestionable, pero de alcance reducido. En este marco se inscriben los
trabajos efectuados por los órganos de comunicación de los institutos de la CNEN, así como
los de las demás entidades del sector.

¿Cuántos trabajos en materia de planificación, medio ambiente, aspectos
socioeconómicos y políticos estratégicos se han presentado en el CGEN, ENFIR y ENAN?
Pocos, y aunque fuesen muchos, tendrían una divulgación limitada a los presentes en el
evento o a los técnicos del sector. Los medios de comunicación (periódicos, radio, TV, etc.)
no tienen interés en divulgar eventos, a no ser que estén implicadas personas o se trate de
asuntos polémicos. El Congreso Brasileño de Energía (el mayor evento del área de energía),
aunque reserve espacio al sector nuclear ¡pocas veces recibe trabajos de este sector que sean
presentados! En este congreso, los sectores de gas, carbón, hidroeléctricas, etc., presentan y
defienden con todo vigor los intereses de sus respectivas áreas. ¿Y los del sector nuclear?

Lo peor del pequeño número de artículos y trabajos de divulgación y esclarecimiento
de cuestiones del sector nuclear, son los artículos y libros de autores mínimamente
informados que transmiten informaciones técnicamente cuestionables y moldean la opinión
de millares de personas. Un pequeño ejemplo de esto es el libro de los profesores Pereira,
Santos y Carvalho, muy usado por la red de enseñanza de Sao Paulo, que contiene errores
elementales cuando trata de la central nuclear de Angra 1 y del accidente radiológico de
Goiánia. Como si no bastase el engaño, los referidos autores citan a la CNEN como
omiso/negligente en las tareas de radioprotección, y cuestionan el uso de la energía nuclear,
basándose en pobres premisas [9].
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El sector eléctrico brasileño, de compleja estructura institucional, no dejaba espacio a
las empresas privadas, autoproductores y productores independientes. Toda el área de
planificación y operación del sistema eléctrico brasileño está bastante centralizada, y la
consulta a la sociedad sobre la instalación de nuevas unidades es bastante reducida. En este
sentido, muchas centrales hidroeléctricas fueron construidas a despecho de las cuestiones
socioambientales: Balbina, Tucuruí, etc. Esto sin hablar de las termoeléctricas de carbón en el
sur del país.

Con el proceso de desregulación en curso, ciertamente este cuadro cambiará
sensiblemente. La tuerza de los nuevos segmentos se hará sentir y obviamente la de los
intereses económicos.

A pesar de los nuevos modelos del sector eléctrico nacional, las cuestiones
socioambientales han ganado primacía apoyadas por las actividades de los diversos grupos
ambientalistas y por una mayor participación de la sociedad como un todo, en un ejercicio de
ciudadanía.

Por lo arriba expuesto, es más que justificable y necesario que el sector nuclear
esclarezca a la población brasileña en las siguientes cuestiones: diferencia entre el reactor de
potencia y el reactor nuclear productor de radisótopos; beneficios que procuran los
radisótopos y los radiofármacos; beneficios socioambientales de las centrales
nucleoeléctricas; diferencias entre los diversos tipos de desechos radiactivos e información
sobre su cuidadosa gestión, etc.

En caso de que estas medidas no sean tomadas en consideración, cada vez que la
energía nuclear sea objeto de discusión en la sociedad brasileña, vendrán a su mente las
paradas de Angra 1 y los accidentes de Three Mile Island y de Goiánia, y prontamente se
pondrán en contra de la instalación de nuevas centrales nucleoeléctricas. El índice de rechazo
a la energía nuclear a causa de esos eventos es alto y así permanecerá hasta que se entienda
que el accidente radiológico de Goiánia nada tiene que ver con Angra 1. Este rechazo no
existe, por lo menos con la misma magnitud, cuando se habla de la instalación de diversas
termoeléctricas de gas, en el Brasil [10].
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Abstract

ACCEPTANCE OF THE SITE FOR THE CONSTRUCTION OF THE PERMANENT
RADIOACTIVE WASTE REPOSITORY AT ABADIA DE GOIAS — AN APPROACH TO
PUBLIC ACCEPTANCE AND RISK PERCEPTION.

A review is presented of the steps taken to overcome the obstacles, at the level of the
government and of the population, inherent in securing the safe disposal of the radioactive waste
generated by the decontamination of Goiania.

1. INTRODUCTION

There has long been great difficulty in dealing with the issue of public acceptance in
the nuclear field. How is this challenge to be faced? Undoubtedly, several factors of
influence, each with their own importance, interfere in the question with more or less
intensity, depending on the public concerned. Some of them can initially be handled in a
general manner, since they are common to any group undergoing processes of acceptance.

Currently, the approaches to this issue are not solely based on considerations of a
technical order. In other words, that the guarantees be obvious to scientists is not a sufficient
condition in itself. The question posed is: how does one transform what is logical and
scientifically true into a truth in the eyes of the public? Obviously, technical reasons are
completely worthless here unless they are associated with questions of a social, cultural,
psychological, ethical or political order.

The discussion which follows is an attempt to establish a parallel between public
acceptance and risk perception as they related to the choice of a site for the construction of
the final radioactive waste disposal facility of Goiania, and highlights the main aspects of the
approach followed by the Brazilian Nuclear Energy Commission (CNEN) and its actions
vis-a-vis the population involved.

2. EVALUATION OF THE SITUATION

2.1. Brief chronology

A short chronology, broken down into three phases, of the accident and the conditions
prior to the selection of a repository site, is presented below.
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2.1.1. The first phase

- In the middle of September 1987, a sealed caesium-137 source was removed from an
abandoned clinic. The capsule was broken open in a central part of the city of Goiania,
contaminating the area and spreading contamination to several other points.

- On 29 September, the occurrence was diagnosed as a radiological accident.
- CNEN was informed on the very same day, and sent a team to Goiania in the early

hours of 30 September.
- On 29 September, the media broke this news to the population of Goiania in an

inconsistent manner.
- On the morning of the 30th, some of the contaminated persons, as well as those

suspected of contamination, were isolated in the city's Olympic Stadium.
Simultaneously, people who had been in the vicinity of the already known foci were
transferred to the stadium by the technical staff of CNEN, in order to be monitored.

- Altogether seven main foci were identified, encompassing 46 residential houses, 45
streets and 50 vehicles.

- Decontamination procedures started on 1 October and ended on 21 December 1987.
- The waste generated, consisting of 3500 m3 of materials weighing some 6000 tons,

was temporarily stored next to Abadia de Goias, a town located at a distance of 23 km
from Goiania.

2.1.2. The second phase

- In January 1988, CNEN launched an information programme aimed at the population.
- Until March 1991, due to questions of a political order, no decision had been taken as

to how to proceed with the waste stored at Abadia. This situation aggravated the
atmosphere of fear which hung over the city and the populations of the surrounding
towns.

2.1.3. The third phase

- In March 1991, among the three sites which had been selected by CNEN, the
Government of the State of Goias opted for the emplacement which was contiguous to
the temporary storage facility.

- From that moment on, an intense process of exchange of information and
consultations involving CNEN and the population was initiated, in order to encourage
the acceptance of the site and the construction of the final disposal facility.

- The construction of the repository, which includes on its grounds a centre for nuclear
sciences and an environmental reservation, was completed, thus lessening the need for
an intense interaction with the public.

These stages have been described in such a manner as to convey an understanding of
the time frame involved in the process of building public opinion. Specifically, the first phase
covers the period from 29 September to 21 December 1987, which starts with the
identification of the accident and ends with the total cleanup of the city. The primary feature
of this period is fear. The second phase covers the period from January 1988 to March 1991,
and extends from the cleanup of the city until the decision to build the repository. This period
is characterized by doubt and suspicion. The third phase covers the period from March 1991
to July 1997 and comprises the period between the decision to build the repository and its
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inauguration. This period is distinguished by a shift of attitude on the part of the institutions
and the population involved from a level of distrust to one of acceptance.

2.2. Evaluation

Although a statistical evaluation of public opinion was not carried out, since January
1988 CNEN staff had been actively visiting schools, social groups and communities in order
to inform the population on the meaning of the accident, its consequences, and the impacts
and risks related to the temporary storage of the waste derived from the accident.

A more in depth level of communication with the population was established only
from March 1991 on, when the solution for the disposal of the radioactive wastes was
actually agreed.

The persons involved in this effort developed mechanisms of close contact with
representatives from all social sectors of the population, chiefly of the city of Goiania and of
Abadia de Goias, a town close to the site planned for the construction of the repository. In so
doing, they raised consciousness as to what was important for each individual and what could
be expected in relation to the wastes generated by the accident.

At first, it was noted that the level of comprehension of the implications of the
accident and of its solution was still very low and that both fear and the lack of trust in the
official institutions were not a factor of social background.

Interestingly, the status of CNEN was special in the eyes of the public. In fact, the
population showed a certain degree of trust in the Commission, based much more on a
personal feeling of confidence in the people who worked for it, rather than in the institution
itself. This phenomenon was best exemplified by the esteem in which Mr. Jose de Julio
Rozental, at the time co-ordinator of CNEN in Goiania during the critical period of the
accident, was held. Four years after the accident Mr. Rozental still remained the strongest
depositary of that relative trust. The same could be said concerning Mr. Iris Resende, the then
newly elected Governor of the state of Goias, at the state government level.

The first steps planned in the process of public acceptance were predicated upon these
feelings and the follow-up of the accident: the purpose of the 'Projeto Goiania' was to find a
definitive solution for the storage of the radioactive wastes generated by the accident.

3. FIRST STEPS

3.1. Strategic support

In order to speed up this project, Mr. Rozental was invited to be head of CNEN's
District in Goiania. This precaution helped save time, since it would not be necessary to
nominate a trustworthy spokesman. Consequently, the following and only strategy was
adopted: "to show in an absolutely transparent manner to the mass media, the groups which
form public opinion, to organized social groups, educational institutions, neighbourhood
communities, associations, and so forth, the steps to be taken in order to resolve conclusively
the question of the caesium-137 wastes".

3.2. Points of reference and reasons

Once adopted and in order to be executed, the strategy demanded that easily
understandable points of reference be established for the benefit of the entire population.
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Essentially, the following aspects were used as anchors in the process of engagement in the
risk perception and public acceptance of the site selected for the repository:

Point 1
It would be very risky to transport the wastes stored in the temporary

repository to another site, since the recipients containing the wastes had become
brittle four years after the events (1987 to 1991).
Reason

This point related to the acceptance of the selected site. It showed the
conditions of risk if the wastes were to be removed to any other site. The underlying
understanding was that, with the exception of the neighbouring community, all the
other communities would be inclined to accept this site.

Point 2
This item, related to the report by CNEN on the selection of a site, indicated

that three areas were technically satisfactory to build the permanent repository. The
one near the temporary storage facility was selected by the state, thus eliminating the
risks raised by transportation.
Reason

The acceptance of the selected site, associated to Point 1. It demonstrated that
the state's decision was based on a technical recommendation of CNEN. It was
assumed that one important factor in the process of public acceptance was the prestige
of both Governor Iris Resende, who took upon himself the decision of selecting one of
the proposed areas, and Mr. Rozental, who represented CNEN and was responsible for
recommending the site.

Point 3
Nothing would be worse than not to act and thereby keep the wastes stored in

the open air, liable to future leakage or any kind of accident, including sabotage.
Reason

This point was linked to the urgency of constructing the repository, showing
how dangerous it would be to keep the wastes for an extended period of time in their
'temporary' conditions. The thinking here was that the fear of an accident involving
the stored wastes in Abadia was a basic element not only with regard to the
acceptance of the repository, but also an instrument of pressure on the institutions
involved, so that the solution of the problem would always be considered a priority.

Point 4
The project was entirely national, although it followed the strictest

recommendations of international organizations such as the International Atomic
Energy Agency.
Reason

This point had to do with the construction of the repository, which would
demonstrate Brazilian competence even in the face of the strictest recommendations.
This point was considered important to bolster Brazilian competence, nationalism and
national self-esteem.
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Point 5
The building process would be initiated only after a complete evaluation and

analysis of the studies and surveys necessary for the licensing procedures, both in the
nuclear and the environmental areas.
Reason

This point showed seriousness and diligence in seeking the guaranties required
by the project. It was presumed that a commitment to adhere to the established rules
was very important in forming opinion on the planned repository.

Point 6
The environmental impact study and subsequent report had to be approved at

the national level by the Brazilian Institute for the Environment and Renewable
Natural Resources, at the state level by the State's Foundation for the Environment,
and at the municipal level by the Municipal Department for the Environment.
Moreover, in order to be implemented, the project had to undergo a public hearing.
Reason

This argument pointed to a high degree of interaction between society and its
institutions in the evaluation of the safety of the planned repository. Although it was a
legal obligation, the idea of organized society participating in the licensing process
was thought of as being a factor facilitating its acceptance.

Point 7
Although this was not mandatory, all the reports, studies, analyses, surveys

and other documents generated during the development of the project and the
construction of the permanent repository would be made available to the public.
Reason

This showed that the process as a whole could be called into question at any
time, since all the data were of public domain. It was presumed that transparency was
a key argument in the articulation of the acceptance of the implantation of the Projeto
Goiania.

The terms 'risk', 'prestige', 'fear', 'self-esteem', 'nationalism', 'competence',
'participation' and 'transparency' are not empty words: they are important concepts with
clear values that are present in everyday life and are part of the psyche of all individuals, at a
conscious and unconscious level. Thus, they represented strong values that needed to be
addressed in the process of public acceptance.

These concepts, used as anchors in the process of public acceptance, also served as the
foundation on which to build the Projeto Goiania, (a known situation, a consistent project and
a simple and aggressive strategy for public acceptance), even though other concepts were
added later on.

The group which took over in 1991 was viewed with suspicion by the media in
Goiania. Only the presence of the new Governor and of Mr. Rozental allowed to establish, a
priori, a trustworthy relationship with the media. It is worth mentioning that any process of
public acceptance is subsidiary to acceptance by the media. The level of distrust with which
the new group was received resulted from the wrong attitude adopted by CNEN during the
period from 1988 to 1991, when information did not get released to the media and requests
for data were denied in the name of 'radiological safety and protection'.

The first change adopted in March 1991 by CNEN was to allow public visits to the
temporary storage facility site; these had been forbidden up until then. However, in order to
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allow visits to proceed, it was necessary to require that all visitors entering the area where the
wastes were stored undergo a full body count examination, both before and after the visit, to
make sure that they had not been exposed and had not incorporated any material. Although
technically speaking the necessity of that examination could be questioned and the procedure
caused a certain disturbance in work routines, this was one of the steps which generated
confidence in the relationship with the media. Why? First, because it demonstrated that the
storage facility was relatively safe since anyone could visit it without being contaminated and
that the doses present, depending on the places visited, were so low that they could not be
measured by 'dosimetric pens' and secondly, it proved that there was nothing to hide.
Members of the print and broadcast media visited the temporary storage site every day.

Within a short time, trust was re-established to such a degree that a gentleman's
agreement was entered into between the main editors and reporters of the most prominent
media organizations and CNEN whereby the Commission would provide information at its
own initiative on any news relating to the project. It thus became possible to inform public
opinion, in simple language, about the particulars and meaning of the Projeto Goiania and
publicly release the deadlines of this undertaking. This was the way chosen to apply all the
measures which had been established as a primary strategy, namely, to point out, in an
absolutely transparent manner, the steps to be taken in order to find a definitive solution for
the wastes.

It must be underscored that, with regard to the public acceptance of the repository, the
process of rapprochement between CNEN and the groups which shaped public opinion — the
organized groups of society, educational institutions, neighbourhood communities,
associations, etc. — became easier after the support of the media had been made explicit.

261



PUBLIC PERCEPTION OF lillllllli
RADIATION SAFETY — A CASE XA994902S
STUDY IN BRAZIL

P. WIELAND
Department of Nuclear Safety,
International Atomic Energy Agency,
Vienna

F. STEINHAUSLER
Institut fur Biophysik und Physik,
Universitat Salzburg,
Salzburg,
Austria

A.M. XAVIER
Comissao Nacional de Energia Nuclear,
Rio de Janeiro,
Brazil

U. UNTERBRUNER
Institut fur Didaktik der

Naturwissenschaften,
Universitat Salzburg,
Salzburg,
Austria

Abstract

PUBLIC PERCEPTION OF RADIATION SAFETY — A CASE STUDY IN BRAZIL.
Since the early 1980s, Brazil has been operating installations which run the gamut of the

nuclear fuel cycle, from uranium mining and milling to a nuclear power plant. A second power plant
is under construction and is planned to come on stream in 1999. In 1987, Brazil was shaken by the
largest radiological accident on record involving a unit of radiotherapy equipment. This accident
contaminated large areas of Goiania, a city of some 1 million inhabitants, and generated 3500 m^ of
radioactive waste. At present, apart from the facilities involved in the nuclear fuel cycle, close to
2600 installations in Brazil utilize radioactive materials in medicine, industry and research.
Following the Goiania accident, the Brazilian authorities built a final subsurface disposal facility,
which is currently in operation, for the waste generated by the cleanup of the city. Studies are now
under way for the selection of a national waste repository. However, in spite of all the activities
mentioned, the Brazilian public is largely unaware of both the benefits and the real risks of radiation.
In order to assist in the development of an appropriate communication strategy focusing on radiation
issues and directed at the public, a survey was undertaken. The survey contained questions on basic
knowledge, the credibility of information sources dealing with radiation issues, recollections of the
Goiania accident, reacting to an emergency situation in general and Goiania in particular and on
waste related risk comparison. An analysis of this survey is presented. Practical issues are reviewed,
including a target oriented communication programme involving the nuclear community, the
regulatory authority, educational centres, the media and the public. The topics addressed are the
present crisis of confidence, limitations, misconceptions and requirements, and communicating in a
situation of crisis.
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1. COMMUNICATING NUCLEAR ISSUES: THE CURRENT DEFICIT

The present situation surrounding the communication of nuclear issues to the public
and political decision makers is unsatisfactory for all parties involved. The nuclear
community finds itself frequently portrayed as a dubious source of information. The nuclear
regulatory body quite often does not comment publicly on its role in the control of radiation
sources. The media face the temptation of sensationalizing anything 'nuclear', tempered only
by their professional mandate of unbiased reporting. Media reports reflect frequently what
journalists are told to be the facts, rather than the outcome of research on what the facts really
are. Hence, the public finds itself unable to judge which criteria apply to obtain trustworthy
information and often ends up distrusting both the nuclear experts and the journalists.

This lack of constructive communication among all parties involved impacts
negatively on the decision making process covering a wide range of nuclear issues. The
situation is even more challenging in times of a nuclear crisis, such as a large-scale accident
with off-site consequences. Local, regional and national interests can take preeminence over
objective scientific arguments when it comes to communicating about the risks associated
with counter-measures taken as part of emergency management decisions. At the radiological
accident in Goiania [1, 2], insufficient understanding of basic radiation matters caused
excessive emotional stress among residents during the mitigation of the consequences of the
accident, especially during the burial of the contaminated victims. A large amount of
resources were spent to build a repository for 'waste' with a very low specific activity (less
than 87 kBq kg'1); these materials could have been disposed of using the conventional landfill
option [3].

A major repercussion of the Goiania accident was to bring to the attention of Brazilian
society the negative aspects of radioactivity. The risks associated with the peaceful uses of
radiation, ranging from energy production to industrial and medical applications, were
magnified by the Brazilian media and the fear of radiation spread in the country, adding to the
level of anxiety of the population. The Brazilian Regulatory Authority recognized the need
for prompt action, both to put the understanding of radiological risk by the public in the right
perspective and to diagnose the real situation concerning the safe use of radiation sources in
all of Brazil. Soon after the accident, once conditions of normalcy had been re-established in
the city of Goiania, a broad inspection programme was carried out nationally for all existing
radioactive installations with the aim of collecting updated information on the inventory of
radiation sources, radiological protection practices, available monitoring devices and other
relevant data. Between 1989 and 1991, some 4500 radiation sources no longer in use were
collected at the request of users [4].

In the last ten years, efforts have been made to keep under strict control all nuclear
installations and the radiation sources used in all applications. In 1997, nearly 2600
installations were registered in the data bank of the Brazilian Nuclear Energy Commission
(Comissao Nacional de Energia Nuclear-CNEN). A national inventory of radiation sources is
available and its content is constantly updated and transmitted to all institutes and offices of
CNEN as well as to other Governmental sectors. Moreover, CNEN has a training programme
for inspectors and other staff who perform activities related to the system of notification,
registration, authorization and control of radiation sources.

Notwithstanding all the progress made in the field of radiation safety and control of
radiation sources, public opinion in Brazil is still very sensitive to radiation issues.
Exaggerated and technically incorrect information often reported by the media finds its way
to readers and listeners and the use of nuclear energy always causes polemics.
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At present, CNEN maintains regional offices in several geographical areas of Brazil,
in order to carry out more efficiently its duties regarding the national control of radiation
sources, the provision of faster assistance concerning radiation safety and information to the
population on radiological questions.

2. HOW ARE RADIOLOGICAL RISKS PERCEIVED IN BRAZIL?

In order to obtain objective information about the public perception on radiation risks
in Brazil, a questionnaire-based survey was conducted in several cities from September 1996
to August 1997. This preliminary assessment on public risk perception is intended to assist in
the development of communication programmes by the Regulatory Authority and nuclear
facilities, as well as in the improvement of educational programmes.

2.1. Methodology

The seven-page questionnaire was designed and revised by lay persons and by
professionals from the nuclear, communications and teaching areas. The principal objective
of the questionnaire was that it be neutral and self-explanatory.

Respondents were selected at random among the population in several cities of Brazil.
The statistical samples were stratified and controlled for gender, age, education and
occupation. All samples were selected to follow the demographic distribution of the Brazilian
population [5]. To avoid biased results, samples of people working in nuclear activities were
excluded from this analysis. The total number of respondents was 227 (116 female and 111
male).

Data from the questionnaire were checked, encoded and processed using the Access
database. As the sampling of the general public was non-probabilistic, the results of this
research cannot be construed to be fully representative of the perceptions of the entire
Brazilian population. However, it provides valuable preliminary information about the
general understanding, misconceptions and informational needs of the population on nuclear
issues.

2.2. Results of the pilot research

2.1.1. Importance of the applications of radiation in medicine, industry and research and on
the production of nuclear energy in relation to the needs of Brazil

Eighty per cent or so of the interviewees considered the applications of radiation hi
medicine, industry and research as indispensable or very important/important. While some
55% shared equal views on the use of nuclear energy, they expressed doubts as to whether
Brazil could handle this technology safely and without undue risk to the population and
environment. Some recalled the large hydropower potential of Brazil. Others mentioned that
the production of nuclear energy depended on which region of Brazil a nuclear power plant
would be planned for.

2.1.2. Knowledge of basic concepts

Although 81% knew or had heard about the subject of radioactivity, 35% did not know what
the symbol indicating the presence of radiation meant. The acronym 'CNEN' was not familiar
to more than half of the respondents. However, the acronym 'IBAMA' (the governmental
organization responsible for environmental matters) was known by close to 90% of those
questioned.
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2.1.3. Interest in nuclear matters and sources of information

The interest in nuclear matters was very high. Some 90% of the respondents said they
would like to obtain more information on the basic concepts relating to radiation. The
preferred sources of information were: school (46.7%); media — newspaper, TV (43.6%);
CNEN (38.8%); Ministry of Health, Civil Defence, or nuclear energy plant (2.2%).

2.1.4. The radiological accident in Goidnia

Ninety-two per cent remembered the accident and had found out about it through TV
reports. Only seven per cent didn't know about the accident and of those questioned, half had
been younger than 15 years old at the time of the events. Recollections of the accident were to
be described freely, based on personal experience, without prior explanation. The answers
demonstrated that even ten years on, the population still had vivid memories of the
occurrences and in several cases, expressed a high degree of emotion. Although varied, the
replies could be broken down into subjects as illustrated in Table I.

Female
respondents

30.2

20.7

12.1

11.2

Male
respondents

37.8

13.5

6.3

9.0

TABLE I. RECOLLECTIONS SURROUNDING THE RADIOLOGICAL ACCIDENT IN
GOIANIA

Recollections

Victims, death, family segregation, children involved, panic,
contamination

Ignorance of the population to deal with radioactive matters;
the source was manipulated by innocent persons who were
unaware of the great risk they were incurring

No particular recollection

Lack of care with radiation, irresponsibility of the
radiotherapy clinic

Other issues (discrimination of the population; lack of 10.3 9.0
preparedness to deal with emergencies; radiation victims and
radioactive waste; the theft of a radioactive source; tragedy
in a quiet city such as Goiania)

No governmental control over radiation sources

Media sensationalism

Complaints about the lack of information on the accident

Positive impression about the actions to remedy the situation
(e.g. CNEN monitoring and decontaminating, area control,
etc.)

No reply 284 30.6
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The next question was "did you know that ..." followed by a list of specific facts about the
accident and the mitigation of the consequences. The results of the replies to these factual
questions were as follows: the source involved contained caesium-137 (80.6%); the
radiotherapy clinic was abandoned (53.7%); several areas of Goiania had to be evacuated
(52.9%); some houses had to be demolished (43.3%); there were four fatalities (46.7%); by
Christmas the situation in the city had returned to normalcy (4%); there is a Foundation in
place to take medical and social care of the population involved (22.5%).

The results suggest that the causes and consequences of the accident were
remembered with far more acuteness than were acknowledged the tremendous efforts
undertaken by the authorities to return the situation to normalcy. This can be seen as an
example of the lack of proactive communication.

2.1.5. Reaction in the event of an accident involving radiation

The question on reacting to an accident went as follows: "If someone told you that an
accident with radioactive material occurred nearby and there is a possibility that you may be
affected, what would your immediate reaction be?" Sixty-four per cent of the respondents
indicated they would call CNEN or the Civil Defence; 18% said they would go home and
listen to the radio and TV in search of more information; 8% stated that they would continue
their current activity but would start to get worried. Other answers (14%) were: "go
immediately to another place, preferably another city"; "run to the telephone and call friends
to ask about the problem"; "would not believe the person and continue current activity"; "call
fire brigade"; "call family doctor"; "pray"; "don't know"; 4% of the persons interviewed
didn't respond to this question.

2.1.6. Comparison between perceptions of the environmental impact of different types of
waste

Fig. 1 shows the results of the analysis of the responses to this question. Although
there is great concern about radioactive waste, wastes from hospitals and from the chemical
industry are also considered by the respondents to be dangerous to human beings and to the
environment. The perception of the respondents as to why radioactive waste would be more
dangerous to the environment is that: "it is difficult to condition, immobilize, isolate and

50-,
45-

(%) 40-
35-
30-
25-
20-
15-
10-
5-
0

Radioactive

waste

Hospital

waste

Chemical Urban waste Oil industry No replies

waste waste

Type of waste

FIG. 1. Comparison of perceptions on the environmental impact of different types of waste.
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control it; it cannot be eliminated, reprocessed or recycled; it remains active for a long time
and contaminates large areas; it can damage human health; there is no international consensus
or knowledge on how to manage it".

3. MAJOR CAUSES OF THE NUCLEAR COMMUNICATION CRISIS

The primary cause is the obvious deficit of established professional contacts between
representatives of the nuclear community (scientists, industrialists, regulatory agency
officials), the media (journalists, news agencies) and the public. The lack of trust experienced
by the nuclear community often results in a reluctance to co-operate caused by past
experiences of having been misinterpreted or even misused. Similarly, the media tend to
distrust information originating from within the nuclear community for being biased or, at
best, representing only half-truths. Again, negative experiences play a major factor here since
in the past some nuclear incidents were communicated to the media too late, with insufficient
detail, or falsely altogether.

In addition to mutual distrust one must add the tendency of the nuclear community to
overburden the media with a multitude of complex scientific details. In contrast to this
decade-old communication problem of the nuclear community [6], professional pressure
groups opposing nuclear technology usually excel in delivering their critique to the public in
a format especially well suited to the media: catchy "sound bites" for interviews and action-
packed footage particularly geared towards prime time TV presentation.

Most journalists often have inadequate technical backgrounds to evaluate the
scientific assessment of a complex nuclear issue. In addition, the ultimate target audience
itself is largely ignorant about science in general and nuclear matters in particular. However,
despite this justified critique it must be remembered that the primary objective of the media is
not to compensate for any potential educational deficit of the public, but simply to increase
the number of TV viewers and newspaper readers.

Another important reason for the current communication difficulties is the lack of
understanding of the constraints which exist for the members of the nuclear community as
well as for the media. In serving the public, both groups have as their primary responsibility
its basic right to be informed objectively about nuclear matters. In case of a nuclear or
radiological accident, the situation can become even more difficult. The emergency response
team is challenged to manage the technical aspects of the crisis. Additionally, via the media,
it must intensify all its efforts to optimize the provision to the public and its political decision
makers of objective and technically correct information on the emergency. This route needs
to be established and tested well before an actual emergency. This process should have a high
degree of transparency, with the use of a language easily understandable by the end users of
the information and should be tailored for the specific needs of the different target groups
(political decision makers, medical profession, general public, media, etc.).

However, inherent shortcomings frequently obstruct the unbiased flow of information
to the public:

a) The nuclear community (workers, operators and researchers in nuclear field);
regulatory authority:

• insensitivity about the — frequently scientifically unwarranted, but nevertheless
perceived as threatening — safety concerns of the public (e.g. unfamiliar ecological
risks with considerably delayed environmental effects; potential of harm to next of
kin; risks due to human failures);

• inconsistencies in the approach to the management of nuclear issues directly affecting
the private sphere of the public, e.g. largely differing recommendations even between
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neighbouring countries, such as limits for radon indoors (USA: 150 Bq-m"3; Canada:
800 Bq-m'3) or the use of stable iodine in case of a nuclear accident (Austria: provided
over the counter to all citizens; Czech Republic: in store only for residents near a
nuclear power plant);

• communication with public, media, decision maker is usually done only in reaction to
a crisis. Regular and proactive programme of communication is inadequate compared
with the national need of information on nuclear safety issues.

b) The media:
• unwillingness to provide sufficient space and time for an in depth coverage of

complex nuclear issues;
• tendency to dwell on scientific uncertainties, interpreting them as a lack of knowledge

(e.g. low dose-effect relationship);
• emphasizing differences of opinion between nuclear experts as 'contradictions' (e.g.

probabilistic safety assessments with different assumptions);
• reporting selectively on aspects of human drama, irrespective of the existence of a

dose-effect relationship (e.g. victims of atomic bombs; "Children of Chernobyl"
phenomenon).

d) Educational centres:
• there is no regular curriculum on nuclear matters for primary education. Instead of

providing updated and factual information on nuclear matters, some basic
schoolbooks contain scientific mistakes or are a priori biased against nuclear
technology in that they show its dangers and military uses only [7].

e) The public:
• inaccurate perception of "everyday risks" vs. unfamiliar risks associated with nuclear

technology (e.g. traffic accidents are considered less risky than nuclear accidents);
• inherent aversion to risk-related information presented as probabilistic event (e.g. a

risk equal to 10"6 is not commonly understood as "acceptable", although in reality
even higher risks are accepted routinely during spare-time activities).

4. COMMUNICATION AS PART OF EFFECTIVE MANAGEMENT

This preliminary study indicates that communication should be considered as part of
effective management and some practical measures are to be taken by the nuclear community,
the regulatory authorities and the public to improve communication, including:

Nuclear community: an adequate infrastructure with dedicated staff and electronic
communication network should be in place to promote at large the updated information on
the benefits and risks of nuclear technologies in a public-friendly language that can actually
reach the public (e.g.: advertisements, visitor centres at nuclear installations, brochures, home
page on the Internet).

Regulatory Authorities: they should be open to questioning and provide reliable,
factual, independent, balanced and timely information about nuclear issues; they should
establish an adequate infrastructure to implement a programme of nuclear communication
with dedicated and trained staff, focusing on the different audiences (nuclear community,
media, decision makers, lay persons, etc.); they should evaluate the communication
programme addressing specifically the concerns of the different audiences, making use of
public opinion research vehicles.
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Media: acting as a messenger between the nuclear community and the public, they
should emphasize technical correctness and balance in their reporting rather than favour the
access of information from unverified sources; they should use preferentially trusted contacts
with the nuclear area, e.g. through dedicated sources of information (Regulatory Authorities,
IAEA — http://www.iaea.or.at/worldatom, OECD-NEA, ENS-NUCNET, and USCEA
INFOWIRE, ACCESS TO ENERGY).

Educational centres: they should revise their regular curriculum for primary
education, in order to provide updated and factual information about radiation.

Public: it has to accept and be accepted in its role as solution oriented partner. This
will allow for informed decisions on nuclear topics with potentially far reaching
socioeconomic consequences. The public should look for reliable sources of information and
compare options against what makes sense and not against a generalized, preconceived idea.
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Abstract

RADIOLOGICAL EMERGENCIES DUE TO UNACCOUNTED SOURCES OR FAILURES OF
THE CONTROL SYSTEM IN DEVELOPING COUNTRIES.

The widespread use of radiological sources in developing countries represents a potentially
significant risk. Two examples of accident scenarios of different severities — one in El Salvador, the
other in Taiwan — are reviewed in the light of their causes, effects on man and the environment, and
economic consequences. Recent operational and regulatory advances on improved emergency
management are discussed. The international dimension of these issues is significant, as over 160
industrial irradiation facilities comparable to the installation in El Salvador are currently in operation
worldwide and close to 40 cases are known of radioactive sources accidentally smelted with recycled
metal, as is likely to have happened in Taiwan.

1. THE GROWING USE OF NUCLEAR TECHNIQUES

The number of developing countries interested in nuclear applications is far greater
than that of the developing countries operating or constructing nuclear power plants. Nuclear
techniques are used extensively by governmental organizations, research institutions and the
private sector, as they have repeatedly been found to be the most suitable and/or sensitive
tools available for a wide range of tasks [1].

The International Atomic Energy Agency (IAEA), with headquarters in Vienna,
Austria, is a major catalyst in assisting developing countries in the area of nuclear techniques
— it is authorized to make provisions for materials, services, equipment and facilities. In
1994, the IAEA's budget for technical co-operation totalled US$ 52.8 million [2]. More than
66% of the technical assistance provided by the IAEA has covered projects involving
isotopes [3]. Over the past 50 years, some 27 000 sources of ionizing radiation, of different
strengths and types, have been imported by developing countries. And in the future, the issue
of control of radiation sources is likely to gain in importance, as several UN organizations
including FAO, WHO, UNIDO, WMO and UNESCO are co-operating with the IAEA in the
transfer to developing countries of advanced nuclear methods and techniques [4]. In view of
the potentially extensive damage caused by sources of ionizing radiation to man and the
environment, detailed international recommendations have been issued on this subject [5,6].
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2. FAILURES OF THE CONTROL SYSTEM

Despite international and national efforts deployed to establish high standards of
safety for the protection of health and for the minimization of danger to life, radiological
emergency situations with varying degrees of severity have occurred worldwide. In the
following examples, two major emergency situations of this kind are described in detail.

2.1. Circumvented operational safety at irradiation facility in £1 Salvador

2.1.1. Description of the irradiator

The radiological accident occurred at an industrial facility near San Salvador [7]. The
irradiation facility was used for the sterilization of pre-packed products. The source rack
consisted of cobalt-60 gamma source elements ('source pencils'). When not in use, the source
rack was lowered into a pool of water for shielding purposes. Periodic replenishing of the
cobalt-60 source was carried out by the supplier of the irradiator. At the time of the accident,
the residual activity of the source was close to 0.66 PBq, as it had never been replenished.
The state of civil war since 1979 in El Salvador had prevented regular maintenance. Because
of the lack of security in the country, a representative of the supplier had not been able to
travel to the installation in 1981,1982 and 1984.

2.1.2. Description of the accident

On 5 February, 1989, due to an operational problem, the source rack was lowered
automatically from the irradiation position. At 2 a.m., the operator in charge tried
unsuccessfully to restore the operational condition. Subsequently he entered the irradiation
room. The fixed radiation monitor inside the room was not working and he was not using a
portable monitor. Unable to correct the situation and assuming that the machine had been
switched off and the source rack had been lowered into the pool, he re-entered the room with
two other workers he had summoned to his aid. However, upon seeing the blue glow
characteristic of the Cerenkov effect, the men suspected some kind of hazard. At the facility,
operations continued with another operator in charge, since he was unaware of the accident:
the three workers earlier involved were on sick leave, reported as 'food poisoning'. On 8
February the source rack became stuck again, but was eventually released. However, this time
the source rack was bent in such a way as to release source pencils: some of them fell into the
pool, another dropped onto the floor of the irradiation room. On 10 February the operation
was halted due to an equipment failure. Subsequently three more workers received excessive
doses (90 mGy to 2220 mGy) upon entry into the irradiation room to investigate the reason
for the disruption. On 15 February two specialists of the supplier, called upon for assistance,
were able to retrieve the active source pencil and lower it into the pool. The facility was
closed until national and international aid was secured to restore safe operating conditions to
the installation.

2.1.3. Impact on man, the environment and the economy

• Three workers were exposed to very high gamma dose rates for only a few minutes,
resulting in potentially lethal doses ranging from 3000 mGy at the head to
30 000 mGy at the feet. One man died six and a half months after the accident, one
man required amputation, a third man was seriously injured.
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• The consequences of the accident were limited to the environment of the plant only;
there were no health effects on members of the public.

• Information was not released publicly until very late after the event: the first reports of
the accident were aired on television on Day 27 after the initial event; the first press
accounts appeared on Day 30.

• The recommissioning of the facility was possible only after refitting works, retraining
of the company personnel, restoration of the safety systems were conducted and
compliance with the international protection standards was verified. Two hundred
workers temporarily lost their jobs. After the accident, products from this facility were
not well accepted by the market.

2.1.4. Conclusions and international dimension

• No regulatory control was in place in El Salvador for matters of radiological
protection.

• Expertise and training courses on radiation protection were unavailable in El Salvador
and no provisions had been made at medical institutions for the medical care of
persons exposed to acute radiation.

• The operators trained by the supplier had left the installation at an early stage: the
subsequent training was informal and did not cover safety aspects. No revision of the
safety procedures had been undertaken for many years. The political and economical
situation of the country adversely affected personnel and radiological safety; industrial
production concerns overrode safety concerns.
The present situation in El Salvador has improved and the IAEA has included this

country in the international model project to upgrade radiation and waste safety.
More than 160 comparable industrial irradiation facilities are in operation worldwide.

Some of the countries in which these facilities operate lack adequate infrastructures for
radiation protection. In China, several accidents with a similar development have been
reported [8], they are: that of Shanghai in 1980; Hanzhong (1982); Mudanjiang (1985);
Beijing (1986); Kaifeng (1986); Zhengzhou (1987); Shanghai (1990) and Xinzhou (1992).
Altogether three persons died and more than 33 persons were overexposed since 1980.

2.2. Contaminated construction steel in Taipei

2.2.1. Introduction

In Taiwan, inspectors at a nuclear power plant under construction found elevated
radiation levels in steel rods as early as 1983; they later traced tons of rods contaminated by
radioactive cobalt (Co-60) at other sites [9]. By 1996 it was estimated that more than 6000
residents and children in primary schools or kindergartens had received elevated levels of
gamma radiation in excess of the recommended dose of 1 mSv/year due to their residence in
contaminated apartments and classrooms.

2.2.2. Description of the radiation source

In the steel industry it is customary to use high activity Co-60 radiation sources
routinely in the production process. Although the exact cause of the contamination is still
unknown, it is possible that one or several of such sources were inadvertently introduced into
the molten steel. Another likely route could also have been the unintentional recycling of a
Co-60 source commingled with scrap metal, thereby contaminating the steel rods. The total
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amount of contaminated steel is close to 27 0001. Current investigation is focusing on two to
three steel plants as the possible origin of the contaminated rods. So far 7000 t of such rods
have been detected in 105 building complexes. Some 80% of these dwellings are located in
Taipei (Taiwan).

2.2.3. Radiation impact on man, the environment and the economy

The radiation exposure conditions are very heterogeneous. In an apartment building
constructed with contaminated steel for example, 34 apartments out of a total of 72 revealed
elevated gamma dose rate levels and the remainder were not affected at all. The concentration
in the contaminated steel found hitherto ranges from 37 MBq/kg to 61 MBq/kg or so
(= estimated specific activity at the time of production in the early 1980s). The affected
locations cover a wide area in the buildings, i.e. corridors, lifts, living rooms, bathrooms,
bedrooms, a dental clinic and industrial premises. Residents living in a seriously affected
dwelling received individual doses ranging from 67 mSv to 1200 mSv from 1984 to 1993.
Epidemiological studies have been initiated. The total impact on the economy cannot be
assessed at present, since only a fraction of the likely extent of contamination has been
determined until now. However, the impact on the housing stock identified as contaminated
(1025 apartments) is significant:

• some 5% of the apartments had to be outfitted with lead shielding; more than 70% of
the occupants have moved out of their apartments without receiving any financial
compensation from the authorities; 20% or so of the residents continue to reside in
their contaminated apartments; the authorities purchase all contaminated apartments
where residents receive a dose higher than 15 mSv/year;

• comprehensive medical examination is provided cost-free to all residents receiving
over 5 mSv/year, free medical examination is offered to all residents with doses
between 1 and 5 mSv/year;

• additional costs will arise upon identification of the steel plant(s) producing the
contaminated steel. Based on the experience in the United States with a similar
problem, the additional costs for decontamination, waste disposal and temporary closure
of a contaminated steel mill can range from US$ 10 000 000 to US$ 23 000 000 [10].
Additionally, it cannot be excluded that some of the contaminated steel has been
exported to other countries which are unaware of the hazard at the present time.

2.2.4. Conclusions and international dimension

The following shortcomings have added to the present hazardous situation:
• radioactive sources, mixed with metal scrap, represent a major problem for the metals

recycling industry on a global scale [11];
• the regulatory regime did not provide adequate oversight of the uses of radioactive

devices, i.e. the proper control, transfer or disposal of such devices;
• even on strong radioactive sources, warning labels can become obliterated to such an

extent that the device becomes lost or is inadvertently disposed of as ordinary scrap
metal.
Internationally, 39 cases have become known of radioactive sources accidentally

smelted with recycled metal. Recycled metal scrap is traded internationally and may be
contaminated with unwanted radioactive materials. An instance of this kind of contamination
occurred with metal exported from Mexico to the USA in 1984 [12].
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3. INTERNATIONAL EFFORTS

Significant efforts have been undertaken worldwide to strengthen the system of
radiation protection related to the handling of radioactive sources. Selected examples of the
measures adopted follow.

For radiological emergency situations, many countries have ratified two conventions
which define the procedures for mutual early notification in case of transboundary effects and
ensure a co-ordinated framework for the provision of mutual emergency assistance [13,14].

Recommendations have been drawn up which address the practical aspects of the
radiation safety of sources [15-17].

Improvements in the understanding of the behaviour of radionuclides deposited on
different surfaces has enabled the development of computer models dealing with large scale
contamination of urban areas [18,19].

Databases have been established at the national and international levels on incidents
involving ionizing radiation [20-22].

Medical management and treatment of overexposed individuals and of large groups of
victims have progressed significantly [23,24].

Despite the advances registered in the above fields, areas for further improvement
have been identified [25].

4. RECOMMENDATIONS

Originally, the use of radiation sources was rather restricted. Present trends indicate a
rapid acceleration in the numbers of sources used with increasing frequency in developing
countries.

Potential inadvertent radiation exposure scenarios range from gamma sources
presumably used for exploratory purposes and found by natives in the desert (e.g. Syria), to
the theft of a radiation source for the scrap metal value of its container (e.g. Brazil). In both
cases the persons involved — members of the public — were unaware of the radioactive
character of their findings. Therefore, it is recommended that the nuclear industry review the
adequacy of the packaging and labelling presently used for radiation sources. Furthermore,
regulatory agencies should undertake increased efforts to ensure that radioactive sources
carry long-lasting markings, which are clearly indicative of the radioactive characteristics of
the source containment and which can be recognized easily, even by members of the public
with no training whatsoever in radiation related matters.
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Abstract

MANUFACTURE AND INSPECTION OF METAL CONTAINERS FOR THE STORAGE OF
WASTE CONTAMINATED WITH CAESIUM-137.

Several stages are described of the design and manufacture of a prototype unit and 15 metal
cylindrical containers for the storage of contaminated waste generated by the radiological accident of
Goiania in 1987. The tasks involved technicians from the Nuclear Technology Development Centre
(CDTN) of Belo Horizonte and the co-authors, who conducted inspections in the period between 10
March 1993 and 18 May 1993 at the foundry in Goiania.

1. INTRODUCTION

Following the accident with 137Cs in Goiania, part of the radioactive waste generated
by the accident had been placed in 200-litre drums stored in the open in Abadia de Goias.
Three years after the accident, it was verified that these drums had undergone an accelerated
corrosion process. It therefore became necessary to build 16 safer and more suitable metal
containers to hold the drums, as they held waste with decay times greater than 150 years
classified as group IV and V.

The various steps leading up to the manufacture of these 16 metal cylindrical
containers (one prototype and 15 units) were undertaken beginning in March 1991 by
technicians from the Nuclear Technology Development Centre-CDTN in Belo Horizonte, as
follows:

• Drawing up guidelines for the painting of the containers in Goiania.
• Construction by CDTN, in Belo Horizonte, of a FT-01 prototype container similar to

the product to be manufactured in Goiania, for the purpose of working out the welding
procedures.

• Travel by the chemistry technician and co-author, Marcilio S. Moreira, to Fabrica de
Tintas Sumare (the paint factory) located in Sumare, Sao Paulo, from 8 February,
1993 to 10 February, 1993 to observe tests on the paints supplied by the paint factory
to Eletrometalurgica Tocantins Ltda. (the foundry) in Goiania, and to verify that each
product was in compliance with the standards.

• Inspection at the foundry of the manufacture and welding of the 16 metal containers
from 10 March, 1993 to 18 March, 1993.

• Inspection at the foundry of the painting of the 16 metal containers from 10 March,
1993 to 18 May, 1993.
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2. THE PRODUCTION STAGES

2.1. Manufacture, welding and tests on the FT-01 prototype

Work on the FT-01 prototype container (Fig. 1) manufactured at CDTN gave rise to
three Welding Procedure Specifications (EPSs) qualified through the tests presented on the
three corresponding Procedure Qualifications Records (RQPs), in accordance with ASME
Code Section IX: QW-482 (suggested format for EPSs) and QW-483 (suggested Format for
RQPs), as follows:

• EPS LS-OOlA-Diametral and circumferential welding of the lid

- Base metal: ASTM A 36.
- Filler metal: wire E70S2, diameter: 1.2 mm.
- Welding process: MAG1, semi-automatic, shielding gas: C-25 (75% Argonium with

25% of CO2).
- Diametral weld bead: welding on the flat position, 60° single-V groove.
- Circumferential weld bead: welding on the horizontal position, fillet weld.

This EPS LS-001A was qualified through guided-bend tests up to 180° for face and
root in two welded test specimens T1F/T2F (face) and T1R/T2R (root) included in the RQP
LS-001A in compliance with the acceptance criteria specified in ASME Code Section IX;
QW-163 and tensile tests were carried out on two welded test specimens Tl and T2, in
compliance with the acceptance criteria provided in QW-153-1 of said ASME Code Section.

• EPS LS-OOlB-Longitudinal welding of the cylinder

- Base metal: ASTM A 36.
- Filler metal: wire E70S2, diameter: 1.2 mm.
- Welding process: MAG, semi-automatic, shielding gas: C-25 (75% of Argonium with

25% of CO2). Welding on the flat and horizontal positions. 60° single-V groove.

This EPS LS-001B was qualified through guided-bend tests up to 180° for face and
root in two welded test specimens C1-F/C2-F (face) and C1-R/C2-R (root) included in the
RQP LS-001B in compliance with the acceptance criteria specified under ASME Code
Section IX; QW-163 and tensile tests were conducted on two welded test specimens Cl and
C2, also in compliance with the specifications of QW-153-1 of this ASME Code Section.

• EPS LS-001 C-Welding of the cylinder to container bottom (fillet weld)

- Base metal: ASTM A 36.
- Filler metal: wire E70S2, diameter: 1.2 mm.
- Welding process: MAG, semi-automatic, shielding gas: C-25 (75% of Argonium with

25% of CO2). Fillet welding on flat position of both sides (external and internal) with
the ability to penetrate up to the root.

This EPS LS-001C was qualified through macro-examinations of five welded test
specimens included on the RQP LS-001C. These macro-examinations complied, in part, with

1 MAG = Metal Active Gas
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the acceptance criteria specified in ASME Code Section IX: QW-462-4 (a and b) because
they showed pores and lack of penetration at the root. Due to time constraints, it was not
possible to manufacture new samples for macro-examinations. Nevertheless, on the real
cylinder welding, each bead was cleaned with a steel brush and after completion of the last
bead, back grinding followed by liquid penetrant testing was performed, thus decreasing the
possibility of the formation of defects as observed in the test specimens. Additionally, liquid
penetrant inspections on the grooves and weld beads were made in order to detect open
discontinuities on the surface such as cracks, porosity, laminations or a lack of bond. After
repairing discontinuities, the parts were reinspected. The liquid penetrant examinations were
performed in accordance with the requirements of ASME Code Section V, Articles 6 and 24.

FIG. 1. Prototype FT-01.
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2.2. Protective and anticorrosive paint formulas

Bearing in mind the materials to be packaged and the need for safety protection over a
determined period of time, protective and anticorrosive paint formulas were determined
which would be able to endure environments considered as severe characterized by high
humidity rates, high temperatures and prolonged exposure to the sun. These formulas, shown
Table 1, can be outlined as follows:

• Formula for the protection of the container's internal surface: in addition to
anticorrosive protection, the coating was to provide further resistance against impact,
pressure and contact with concrete. For this purpose, a very thick lining of epoxy-
coal-tar resin was utilized, offering added resistance against impact, abrasion,
chemicals and water.

• Formula for the container's external coat based on epoxy resins, using an application
of three different epoxy-based paints with the following characteristics:

- A shop primer providing initial protection to the previously cleaned metallic plates
and which allows handling, conformation and welding without the need for
subsequent blasting.

- An epoxy-coal-tar paint applied to the container base and externally at an approximate
height of 20 cm in order to assure additional protection against humidity and
mechanical impacts.

- A very thick intermediary paint resistant to the highly aggressive environment.
- A shiny finish coating of low thickness which offered a high resistance against

intemperate weather while retaining its original brilliance and colour for a long time.
This finish was suggested since epoxy-based paints which are exposed to the weather
for extended periods of time lose brilliance and undergo colour changes (owing to the
'calcination' effect).

In order that the painting formula be used successfully, quality control of the paint
was essential, correct application of the paint necessary, and the surface to be painted had to
be prepared accordingly. Preparation consisted in a complete cleaning of the steel plate using
solvent agents, followed by blasting with abrasives to allow a better anchorage of the paint.
The paints, supplied by the Sumare paints industry and tested in accordance with the
Petrobras2 standards, were the following:

• epoxy-isocyanate-iron oxide background paint (ref. Sumare: Sumadur SP350 red)
Petrobras standard N-2198;

• coal-tar-epoxy-polyamide paint (ref. Sumare: Sumastic 1265 brown) Petrobras
standard N-1265c;

• coal-tar-epoxy-polyamide paint (ref. Sumare: Sumastic 1265 black) Petrobras
standard N-1265c;

• thick epoxy paint (ref. Sumare: Sumadur 191 finishing white 0095) Petrobras standard
N-l 195b and

• two component polyurethane smalt paint (ref. Sumare: Sumathane 132 brilliant
yellow 300) Petrobras standard N-l342.

The results of tests on these paints were considered satisfactory.

2 Petrobras is the Brazilian national petroleum company.
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2.3. Manufacture, welding, testing and painting the 16 containers

Between 10 March, 1993 and 18 May, 1993 the co-authors were at the foundry and
performed tests on the welds, paints, and verified the dimensions of the containers built.
Welds were performed according to the EPSs (Welding Procedures Specifications) previously
worked out by the technicians of CDTN on prototype FT-01 (Fig. 2).

FIG. 2. Welding of the sidewall.

Liquid penetrant examinations on the grooves and root following the back grinding
and on the finished welds were conducted to detect discontinuities which were open to the
surface (Fig. 3).

All discontinuities such as cracks, porosity, laminations or lack of bond were
eliminated by the grinder and these parts were reinspected. These liquid penetrant
examinations followed the requirements of ASME Code Section V, Articles 6 and 24.

The internal diameter, external diameter, available height, sidewall thickness,
thickness of the reinforcement plate and the lid plate thickness were verified for each
container and found to comply with the dimensions and tolerances as stipulated in Invitation
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to Tender Nr. 03/91 issued by the Secretaria do Desenvolvimento Urbano e Meio Ambiente-
SDUMA3, of the state of Goias.

The following cleaning and painting steps were performed on each of the containers
(1 prototype + 15 units):

FIG. 3. Liquidpenetrant examination.

• Cleaning and degreasing of the plates in conformity with Petrobras standard N-5a
(steel surface cleaning with solvents).

• Blasting the metal to achieve an almost white shine, finishing grade As 2Vi, in
conformity with Petrobras standard N-9b (steel surface cleaning with abrasive
blasting).

SDUMA is the acronym for the Secretariat for Urban and Environmental Development of the state
of Goias.
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• Application of the epoxy-isocyanate-iron oxide primer of a dry film thickness of 15
microns over the body and lid, inside and outside of the container (Fig. 4).

• Application of the epoxy-coal-tar paint (brown and black), one colour for each
coating, of a dry film thickness per coating of 125 microns, on the inside part of the
cylinder and on the lower exterior part area of the cylinder up to a height of some 20
cm (Fig. 5).

• Application of the white, high-thickness, epoxy-based paint in two layers of 150
microns of dry film thickness each, over the external sidewall and lid (inside and
externally) (Fig. 6).

• Application of the gold/yellow polyurethane smalt paint, of a dry film thickness of 50
microns, over all external surfaces, including the lid, but excepting the bottom.

3. CONCLUSION

Following the application of yellow paint, the containers were identified with black
spray paint numbers CM-01 (for the prototype) to CM-16 and then transported to the Abadia
de Goias waste disposal site. Each container was filled with 14 drums of 200 litres containing
waste contaminated with 137Cs, of decay times longer than several years and classified as
group IV and V (Fig. 7).

FIG. 4. Blasted containers with shop primer coating.
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F/G. 5. Container with shop primer and coal-tar paint.

TABLE I. PROTECTIVE AND ANTICORROSIVE PAINT FORMULAS

Formula

1

2

Where applied

Internally

Externally

Paint

Primer epoxy-
isocyanate-iron

oxide red

Coal-tar-epoxy-
polyamide black

Coal-tar-epoxy-
polyamide brown

Primer epoxy-
isocyanate-iron

oxide red

Coal-tar-epoxy-
polyamide black

Coal-tar-epoxy-
polyamide brown

High thickness
epoxy white

Aliphatic
polyurethane

smalt

Thickness of
the film

(microns)

Wet

80

183

183

80

183

183

230

95

Dry

15

125

125

15

125

125

150

50

Number of
coats

01

01

01

01

01

01

02

01

Petrobras
standard No.

N-2198

N-1265c

N-1265c

N-2198

N-1265c

N-1265c

N-1195b

N-1342
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FlU. 6. Container with high-thickness epoxy paint.

FIG. 7. Containers with their drum contents.
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Abstract

FEASIBILITY STUDY FOR THE DISPOSAL OF LOW AND INTERMEDIATE LEVEL
RADIOACTIVE WASTE IN CUBA.

The perspective of completing and operating the Juragua Nuclear Power Station and the
development of nuclear applications justifies the need to establish an appropriate low and
intermediate level radioactive waste disposal system in Cuba. The design of one option which is
consonant with the characteristics of this country is presented in the form of a feasibility study. The
study discusses the characteristics of the wastes, the design of the repository, the packaging of the
radioactive wastes as well as the siting, conditioning and performance assessment in a preliminary
stage. International practice and experience have been considered, as well as the recommendations of
the International Atomic Energy Agency [1-4] in the preparation of this study.

1. INTRODUCTION

The production and exploitation of radioisotopes, the use of nuclear techniques in
medicine, research and other branches of the economy and the perspective of the construction
of a nuclear power plant are fundamental premises for the future development of Cuba. The
generation of radioactive waste, which is a direct consequence of these activities, requires the
conception, definition, siting and construction of a low and intermediate level radioactive
waste (L/ILW) disposal system.

The proposed Juragua Nuclear Power Plant, the Isotope Centre, the Waste Treatment
and Storage Facility and the other facilities to be developed in Cuba are not adequate to store
these kinds of waste permanently. To ensure the safest possible storage and disposal of such
wastes, a dedicated facility must be developed. This study reviews the main aspects of the
proposed Cuban L/ILW disposal system and the assessment of its performance and presents a
preliminary outline of the associated waste handling, packaging and transportation system.

2. RADIOACTIVE WASTES: CHARACTERISTICS AND CONDITIONING

The radioactive wastes which may arise from the foreseen operation and maintenance
of two WWER-440 reactors of the Juragua Nuclear Power Station and from nuclear
applications in the country have been considered in the present study.

For conditioning, simulated and real low level radioactive wastes were cemented,
using Cuban zeolite as an additive. Following cementation, the mechanical characteristics and
leach testing of the waste materials thus treated were observed and assessed.
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TABLE I. RADIOACTIVE WASTES EXPECTED FROM THE
NUCLEAR POWER PLANT (ACCORDING TO THE DESIGN FOR
TWO WWER-440 REACTORS)

Activity Type of wastes Annual quantity Principal
(drums of 208 L) radioisotopes

Low level Solidified solids

Compacted solids

Solids

Ionic exchange
resins

645 Cs-137,Fe-55,
Co-60, Mn-54

80 Cs-137, Fe-55,
Co-60, Mn-54

540 Cr-51, Mn-54,
Co-58, Co-60,
Zr-95

105 Cr-51, Mn-54,
Co-58, Co-60,
Zr-95

Intermediate level Ionic exchange
resins

Solids

78 Cs-137, Fe-55,
Co-60, Mn-54

470 Cs-137, Co-60,
Sr-90

TABLE II. RADIOACTIVE WASTES FROM
NUCLEAR APPLICATIONS

Type of wastes Annual quantity Principal
(drums of 208 L) radioisotopes

Small spent 1 to 5 Co-60, Cs-137,
sealed sources Ir-192, Sr-90

Compacted 6 H-3, C-14,1-131,
solids P-32, Sr-35

Cemented 25 H-3, C-14,1-131,
liquids P-32

Cuba has many zeolite deposits distributed around the country which offer good
conditions for the management of radioactive waste [5, 6]. Samples of zeolite from the El
Piojillo deposit were selected for the immobilization of real radioactive wastes from research
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TABLE III. COMPRESSIVE STRENGTH, SET TIME, ABSORPTION BY
IMMERSION AND LEACH CHARACTERISTICS PER SPECIMEN
STUDIED

Waste/cement Zeolite/cement Set time Compressive Absorption Leaching for
+zeolite ratio ratio (hours) strength (MPa) by 28 days

immersion (g/cm2-d)

0.430

0.415

0.400

0.386

0.373

0.362

0.350

0.340

0.620

1.027

0.956

0.899

0.832

0.785

0.743

0.702

0.668

0

-

9.50

9.15

8.12

7.00

6.48

6.48

6.16

10.00

41.24

41.09

41.25

43.85

46.66

42.24

44.48

46.98

28.28

37.30

38.30

37.50

36.10

34.40

33.80

32.30

30.70

23.40

2.4-10"6

2.3-10-6

1.M0-*

2.6-10"6

2.6-10"6

2.1-10"6

2.810"6

2.8-10"6

3.2-10"6

laboratories and of other wastes with the same characteristics as those which would be
generated by a nuclear power station. In both cases, the efficiency of this procedure was
demonstrated.

Table III shows the cementation parameters for a solution containing 100 g/L of
NaNo3, 12 g/L of N a ^ A , 24 g/L of H2BO3, 12 g/L of NaOH and 52 g/L of Ca(NO3)2 that
was used to encase a 60Co source.

3. PACKAGING OF RADIOACTIVE WASTES

Radioactive wastes derived from nuclear applications (radioisotope applications in
medicine, research, industry and production of labelled compounds) are conditioned and
stored at the Waste Treatment and Storage Facility (WTSF), pending permanent disposal or
until radioactivity has decayed to a sufficiently low level for disposal as exempt waste.

Drums of 208 L have been used for conditioning radioactive wastes and small spent
sealed sources. A coating, such as epoxy resin, is applied to the inner and outer surfaces of
the drums to provide additional protection.

Drums for the immobilization of spent sealed sources are prepared in concrete with
the aid of a mould. Before starting to pour concrete, reinforcement bars are placed inside the
moulds in order to increase mechanical strength. Compactible wastes are compacted in
metallic drums of 60 L, which are then placed in 208 L-drums and covered with a cement
mixture.

Liquid radwastes are directly immobilized in 208 L-drums using concrete. Low level
radioactive wastes from the nuclear power plant will be immobilized in 208-L metallic
drums.

For the transportation and disposal of intermediate level radioactive wastes from the
nuclear power plant, reinforced concrete containers are proposed.
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These containers were structurally designed using the limit states method. While the
concrete mixture is of a high compacity with a characteristic resistance of 20 MPa, the steel
has a tensile strength of 300 MPa. These containers will hold four metallic drums for
immobilized wastes, and thus be adequate for transportation for the purposes of final
disposal.

4. CONCEPTUAL DESIGN OF THE REPOSITORY

The repository designed in Cuba consists of a centralized facility to store the
conditioned low and intermediate level radioactive waste from the Juragua nuclear power
plant and from nuclear applications. This design was based on the characteristics of the
Cuban nuclear programme, the national policy on the management of radioactive wastes, the
local economic, climatic, geological, geographic conditions and the construction experience
available in the country.

The designed facility is to be located in a stable geological formation, in rock cavities
near the subsurface.

Access to the repository will be by three vertical pits at a distance of 270 m from each
other and connected by a ventilation and circulation gallery.

Whereas the central pit will be outfitted with technological equipment and dedicated
to the transport of conditioned radioactive waste, the pits on either side will be auxiliary and
will serve to ventilate the underground construction. The entire structure will be up to 30 m in
depth and contain eight horizontal vaults for the storage of radioactive waste. Of these, three
will be for containers of intermediate level radioactive waste, four for metallic drums
containing low level radioactive waste, and one for the disposal of any radioactive waste
which may arise from accidents. The design contemplates the possibility of storing wastes in
the transport gallery. The particulars of the design are described in the literature [7]. The
structure of the repository encompasses an underground area of construction of 552 x 300 m,
with a storage capacity of 12 150 m3.

The general layout of the facility is depicted in Fig. 1. The design foresees
construction in two stages.

5. COST ANALYSIS

The cost estimate covers the construction of hollow areas, ventilation, electricity,
materials and equipment for the repository.

First stage US $5 000 000
Second stage 4 000 000
Ventilation 50 000
Electricity 300 000
Equipment 350 000

Total US $9 700 000

Above ground, the design of the repository foresees a control room, a reception room,
an administrative building, a ventilation pit room, an auxiliary pit room and an energy
building.

The total cost of the design is some US $10 000 000 (including the construction of
hollow areas and buildings above ground).

293



Designed repository
ventilation and

Technological pit/

Auxiliary rooms/ /

E-MAuxiliarpit (stp-1)

* *—\/—^/Ventilation G

asa

Ventilation G.
(st-6)

VA(A)

(st-6)

Ventilation pit. Transport G. (st-6)

Cross section
1 4 0[V C(C) H r1

VD(D) J 2 0 VE(E) 1 2 0

:5000V

50 000 5 0 0 0 ° 75 000 50 000 25 000

3100 273 100 25 000 218100 3100

FIG. 1. Layout of designed repository.

6. REPOSITORY SITING

The following selection criteria were established. The siting should be in a stable
geological medium, with high mechanical resistance (geological criterion), sufficiently
removed from rivers, ditches, dams, streams and not subject to flooding. The underground
water movement should be minimal or non-existent. Rocks should have very low filtration
coefficients (hydrogeological and hydrological criteria) and the possibility of the occurrence
of an earthquake should be very low. The maximum earthquake values for the project (100
years) and for design (10 000 years) should be V and VI, respectively, in accordance with the
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MSK intensity scale (seismological criterion). In addition, the site should have a low
population density, be relatively removed from important population centres and not be a
focus of important social and economic activities. Its relief characteristics should be
favourable and in particular, the area should not feature abrupt changes in morphology
(topography criterion).

For siting, the process illustrated in the Figure 2 was developed, as described in earlier
reports [8].

National inventory of favourable
geological formations

Bibliographical study
and ecological

definition
scale 1:50 000

-

Bibliographical study
scale 1:100 000

Selection of
favourable

regions

Geological
engineering

research
scale 1:10 000

-
Selection of
favourable

sectors

Proposal
of site

-
Assessment of
socioeconomic
development

-
Environmental

impact
study

Monitoring
system - Approval of

site

Geological
engineering

research
for project

- Safety
document

FIG. 2. Flow chart of siting process.

Different formations of hard rocks, salt and clays were found in the national inventory
on the basis of information contained in archives, data gained through surveys and
reconnaissance visits.

6.1. Evaluation process

Six igneous formations were identified in different regions of the country as well as
eleven caverns, two mines, one argilite formation in the Matanzas province and two salt
formations.
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6.2. Selection of favourable formations

After a geological reconnaissance and geological and geophysic tests performed in the
identified regions, the choice was narrowed to eight favourable formations. These were
further characterized and six of them were disqualified, as they did not conform to the
previously established criteria. The following sectors were retained for further research:

1. Granite rock of the Central Region,
2. Granite rock of the Oriental Region.

The sector of the Central Region was analyzed in terms of seismology, geology,
hydrology and hydrogeology, topography, climate, economical and social aspects and
extreme occurrences (meteorological events, fall of aircraft, detonation of explosive charge).

6.3. General characteristics of selected sector

The sector is located in a granitic formation in the Central Region of the country. The
underground waters flow into a large river, and the surface of this area drains easily. The site
has favourable hydrological conditions, the aquifer is poor and the water table lies at depths
of 10 m to 20 m below the surface. The seismic studies of the site define as V the design basis
earthquake (for a recurrence period of 100 years) and VI the maximum design basis
earthquake (for a recurrence period of 10 000 years) according to the MSK intensity scale.
The tectonics of the site are favourable and very simple. The sector has no high elevations
and lies at an altitude of 40 m to 70 m. The area selected is not densely populated.

The performance assessment of the disposal system is in a very preliminary stage. The
methodology used includes a characterization of the system (near field, remote field and
biosphere), the analysis of scenarios, analysis of consequences and analysis of uncertainties.

The system design foresees a facility located in a granitic rock cavity at the near
surface where natural and artificial barriers will be used. These barriers are:

• conditioned wastes in cement or bitumen
• metallic drums
• concrete container (for intermediate level wastes)
• natural zeolite as filler
• monolithic concrete as shore up in the vaults of disposal
• granitic rock as geological medium.
The near field will be characterized by means of geological, hydrogeological and

environment surveys which are currently under way. The GTM-1 code(Geophere Transport
Model, release-1) is being used for the analysis of consequences.

7. CONCLUSIONS

1. A design for a system of disposal for low and intermediate level radioactive wastes derived
from nuclear applications and the proposed Juragua nuclear power plant was carried out.
2. A feasibility study was conducted for a centralized repository in Cuba.
3. The methodology for the siting process was established, which allowed to define the

general characteristics of the site sector selected.
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Abstract

ANALYSIS OF RADIOACTIVE WASTE CONTAMINATION IN SOILS: SOLUTION VIA
SYMBOLIC MANIPULATION.

A demonstration is made of the automatic symbolic-numerical solution of the one-
dimensional linearized Burgers equation with linear decay, which models the migration of
radionuclides in porous media, by using the generalized integral transform technique and the
Mathematica® software system. An example is considered to allow for comparisons between the
proposed hybrid numerical-analytical solution and the exact solution. Different filtering strategies are
also reviewed in terms of the effects on convergence rates.

1. INTRODUCTION

Historically, the computer has been used mostly for numerical computation. This
includes not only basic algebraic operations such as solving linear algebraic equations, but also
more sophisticated methods for partial differential equations. In this type of computation, the
arithmetic operations are carried out only as numbers. Numerical computations are not exact
because floating-point representation is required.

Symbolic computation uses symbols to represent mathematical objects. Computations
are carried out exactly according to the rules of algebra. Over the last decades, tools have been
developed to carry out symbolic manipulations on computers. This activity is alternatively
referred to as: symbolic computation, symbolic manipulation, formula manipulation, computer
algebra, etc.

The generalized integral transform technique, GITT [1], becomes more powerful and
applicable in many fields of engineering when using the Mathematica® software system of
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symbolic manipulation [2]. The results are then presented in a Mathematica® notebook form
[3]. Every notebook consists of a sequence of cells which contain text, graphics, input and
output data. Graphic cells contain pictures instead of text. An animation is a sequence of
graphic cells arranged into a section.

In this part of the paper which describes the joint COPPE-CNEN project, we present
the results obtained with the symbolic manipulation of the mathematical model of the
migration of a radioisotope in soils. This notebook was originally developed to verify the
results obtained with the MIGRAD package, a FORTRAN-77 program which considers the
one-dimensional migration problem of a radionuclide in porous media with time dependent
injection. The resulting system of ordinary differential equations involving the transformed
field was obtained and numerically integrated using Mathematica® version 3.0. The results for
a single medium, with constant flow velocity and continuous injection of the radioisotope, are
in perfect agreement with the exact solution for a semi-infinite medium [4]. The computation
of the symbolic manipulation solution is slow for large truncation orders, due to the large
number of symbolic manipulations involved. However, the use of the symbolic manipulation
is an important tool for the development and testing of GITT solutions, as described below.
The integral transform method, due to its hybrid numerical-analytical structure, offers the
attractive feature of automatically controlling the global error in the computation, in a way
similar to a purely analytical approach. This aspect allows essential confidence for the
accuracy of the final converged results.

This task is accomplished in two steps. The first uses only five eigenvalues in order to
illustrate all the stages of the computation. The second shows the results obtained for the same
problem by using other truncation orders. The input (in boldface) and output cells of the
Mathematica® notebook are presented below as they were used and evaluated.

2. EXTENDING THE BUILT-IN MATHEMATICA RULES

In the following steps we need to extend some built-in Mathematica® functions. We
enter these extensions through the following commands:

Unprotect[Times, Equal];

Equal/: (a_ == b_) *c__ := a*c == b*c

a_Plus b_ := (#b)& /(§ a

a_*l. := a

a_*0. := 0

Protect[Times, Equal];

For the present notebook the following integration rules are used:

int[f_ + g_, x_] := int[f, x] + int[g, x]
int[f_ == g_, x_] := int[f, x] = int[g, x]
int[c_, {x_, x0_, xl_}] := c*(xl - xO) / ; PreeQ[c, x]
inttc_*f_, {x_, xO_, xl_}] := c*int[f, {x, xO, xl}] / ; FreeQ[c,
x]
int[f_, x_] := Withtg = TrigReduce[f] , int[g, x] / ; g =»= f]
int[Cos[c_.*x_] , x_, x0_, xl_] := (Sin[c*xl] - Sin[c*xO])/c / ;
FreeQ[c, x]
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int[Cos[(a_+b_) x_ ] , {x_, xO_f xl_}] := (Sin[ (a+b) *xl] -
Sin[(a+b)*xO])/(a+b) / ; PreeQ[{a,b},x]
int[Sin[c_*x_] , {x_, xO_, xl_}] := (Cos[c*xO] - Cos[c*xl])/c / ;
FreeQ[c, x]
int[Sin[(a_+b_) x_ ] , {x_, xO_, xl_}] := (Cos [ (a+b) *xO] -
Cos[(a+b)*xl])/(a+b) / ; FreeQ[{a,b},x]
int[Sin[a_*x_]A2, {x_, xO_, xl_}] := -(xO/2) + xl/2 +
Sin[2*a*xO]/(4*a) - Sin[2*a*xl] / (4*a) / ; FreeQ[a, x]
int[Cos[a_*x_]A2, {x_, xO_, xl_}] := -(xO/2) + xl/2 -
Sin[2*a*xO]/(4*a) + Sin[2*a*xl]/(4*a) / ; PreeQ[a, x]
int[Sin[a_*x_]*Sin[b_*x_] , {x_, xO_, xl_}] := -(Sin[a*xO -
b*xO]/(2*a - 2*b)) + Sin[a*xl - b*xl]/(2*a -2*b) + Sin[a*xO +
b*xO]/(2*(a + b)) - Sin[a*xl + b*xl]/(2*(a + b)) / ;
{FreeQ[{a,b},x],a!=b}
int[Cos[a_*x_]*Cos[b_*x_] , {x_, xO_, xl_}] := -(Sin[a*xO -
b*xO]/(2*a - 2*b)) + Sin[a*xl - b*xl]/(2*a - 2*b) - Sin[a*xO +
b*xO]/(2*(a + b)) + Sin[a*xl + b*xl]/(2*(a + b)) / ;
{FreeQ[{a,b},x],a!=b}
int[Sin[a_*x__]*Cos[b_*x_] , {x_, xO_, xl_}] := Cos[a*xO -
b*xO]/(2*a - 2*b)+ Cos[a*xO + b*xO]/(2*(a + b)) + Cos[a*xl -
b*xl]/(-2*a + 2*b) - Cos[a*xl + b*xl]/(2*(a + b)) / ;
{FreeQ[{a,b},x],a!=b}
int[Exp[a_*x_]*Sin[b_*x_] , {x_, 0, 1}] :=b/(aA2 + bA2) -
(b*EAa*Cos[b])/(aA2 + bA2) + (a*EAa*Sin[b]) / (aA2 + bA2)
int[Exp[a_*x_]*Cos[b_*x_] , {x_, 0, 1}] := - (a/(aA2 + bA2) ) +
(a*EAa*Cos[b])/(aA2 + bA2) + (b*EAa*Sin[b])/(aA2 + bA2)

3. STATEMENT OF THE PROBLEM

The one-dimensional linearized Burgers equation [1, 5, 6] provides the simplest
mathematical model for the convection-diffusion class of problems that models the migration
of radionuclides in porous media. The problem in dimensionless form is expressed as follows
[4]:

e l := D[Cs[x, t ] , t] = A*D[Cs[x, t ] , x, x] - CT*D[CS[X, t ] , x]
- Y*Cs[x, t]

with a Cauchy boundary condition at x = 0, an impervious boundary at x = 1.

e2 := -(A/a)*D[Cs[x, t] , x] + Cs[x, t] == 1 / . x -> 0

e3 := D[Cs[x, t] , x] == 0 / . x -> 1

and the initial condition

e4 := Cs[x, t] == 0 / . t -> 0
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4. SOLUTION METHODOLOGY

4.1. Steady state solution

The steady state solution is the time independent version of the above formulation:

Cs[x, t] := Cs[x]

The steady problem is then given by:

e5 = { e l , e 2 , e3}

{0 == -y*Cs[x] - a*Der iva t ive [ l ] [Cs] [x] +
A*Derivat ive[2] [Cs] [x ] , Cs[0] - (A*Derivative[1] [Cs] [ 0 ] ) / o ==
1, De r iva t i ve [1 ] [Cs ] [1 ] == 0}

The solution of this problem is:

Csteady[x_] = Chop[FullSimplify [Cs[x] / . First [DSolve[e5,
Cs[x], x]] / . Sqrt[4*y*A + aA2] -> v] ] ;

where,

v = Sqrt[4*y*A + aA2]

The following values are considered for the dimensionless governing parameters, and the
respective steady state solution, also shown in graphical form (Fig. 1):

CT = 0.1; A = 0.001; y = 0.1;

Csteady[x]

5. 083935490908137*10.A-45*Exp[101.9803902718555 -
0.9901951359278553*x] +
4.984729643994231*10."-47*Exp[100.9901951359278*x]

0.2 0 .4 0 .6 0 .8 1

FIG. 1. Dimensionless concentration profile in steady state.

301



4.2. Eigenvalue problem

To construct the integral transform solution, we consider the following eigenvalue
problem [1]:

e5 := D[\ | / [ iJ[x] , x , x] + \i[i] A 2 * y [ i ] [x] == 0

subjected to the boundary conditions

e6 := -(A/a)*D[\j/[i] [x] , x] + i|/[i][x] == 0 / . x -> 0

e7 := D[i|/[i] [x] , x] == 0 / . x -> 1

The problem considered has an exact solution if, instead of e5 we use a more involved
auxiliary problem, but the generalized integral transform technique permits the selection of
more convenient and easier to handle eigenvalue problems.

Since the eigenvalue problem is homogeneous the eigenfunctions are arbitrary within
multiplication constants, i. e., any solution multiplied by a constant is also a solution. For this
reason, we solve e5 by using only one of the boundary conditions:

_ i] /o*Cos [ji[i] *x]) / Sqrt[Ni[i]]

where the norms, N[i], are given by

Ni[ i_ ] := (1 + ( ( A * u [ i l ) / a ) A2) * (1/2 + A/(4*a) * <1 -
Cos[2*u[i]J))

The eigenequation e5 and the eigencondition e6 are satisfied, as now checked:

Simplify[{e5, e6}]

{True, True}

The eigencondition e7 is satisfied when u; are roots of the following transcendental
equation:

trEq := Cos[x] - (A*Sin[x]*x)/a == 0

For the parameters selected we have:

trEq

Cos[x] - 0.01*x*Sin[x] == 0

The first five eigenvalues are computed from:

ox = Table[x /. FindRoot[trEq, {x, (i - 0.5) *Pi}, AccuracyGoal
-> 7, WorkingPrecision -> 17, Maxlterations -> 50, {i, 5}]

{1.5552451292561666, 4.665765141727248, 7.776374077846953,
10.8 8713010214 7713, 13.998 08 97 35155082}
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The eigenvalues are then defined as:

4.3. Inversion formula

To define the inversion formula we first clear Cs from the memory:

Clear[Cs]

The integral transform method finds the concentration distribution by using the
inversion formula definition [1, 5], after application of the filtering steady state solution:

Cs[x_, t_] := Csteady[x] + Sum [\|/ [i] [x] *Cs [i] [t] , {i, n}]

where n is the number of terms used. We select, for instance:

n = 5 ;

The expanded inversion formula is then given by:

Cs[x, t]

5. 083935490908137*10."-45*E~(101.9803902718 556 -
0.9901951359278555*x) +
4.984729643994231*10.A-47*E"(100.9901951359278*x) +
1.4 070266194337 94*(0.01555245129256166*

Cos[1.5552451292561666*x] +
Sin[1.5552451292561666*x])*Cs[l][t] +

1.405681014 667173*(0.046657 65141727248*

Cos[4.665765141727248*x] +
Sin[4.665765141727248*x])*Cs[2][t] +

1.4 03001244573453*(0.0777 637 4 077 846952*

Cos[7.776374077846953*x] +
Sin[7.776374077846953*x])*Cs[3][t] +

1.39900992057 917 9*(0.1088713010214771*

Cos[10.887130102147713*x] +
Sin[10.887130102147713*x])*Cs[4][t] +

1.3937403033227 06*(0.1399808 973515508*

Cos[13.998089735155082*x] +
Sin[13.99808 97 35155082*x])*Cs[5] [t]
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4.4. Integral transformation

Since the inversion formula satisfies all boundary conditions, then the transformation
of the original PDE and associated initial condition to the transformed ODE system proceeds
as follows:

t r a n s f o r m [ e q ^ ] : = T a b l e [ i n t [ e q * i { / [ i ] [ x ] , { x , 0 r 1 } ] , { i , n } ]

Then, equation el yields the following system of ODEs:

ode = Chop [transform [el] ] ;

Turning to the first equation:

ode[[l]]

D e r i v a t i v e [ 1 ] [ C s [ l ] ] [ t ] == 0 . 0 9 6 5 6 7 4 *
( - 2 . 0 8 5 6 4 * C s [ l ] [ t ] + 3 . 0 7 6 6 5 * C s [ 2 ] [ t ] -

1 . 7 0 7 6 4 * C s [ 3 ] [ t ] + 2 . 3 9 4 2 1 * C s [ 4 ] [ t ] -
1 . 8 4 3 5 * C s [ 5 ] [ t ] )

The corresponding initial conditions become:

i c = Chop[transform!e4]];

Let us consider the first initial condition:

0 .493006 + C s [ l ] [ 0 ] == 0

The ode system is then joined together:

ode = Join[ode, i c ] ;

4.5. Numerical solution of the ODE system

The unknown variables for the numerical solution of the resulting ODE system are:

v a r = T a b l e [ C s [ i ] [ t ] , { i , n } ] ;

The numerical solution of the ODE system is then evaluated from:

numerica l = Chop[Firs t [NDSolve [ode , v a r , { t , 0 , 2 0 } ] ] ] ;

Once the integral transforms Cs[i][t] are found according to the above procedure, the
inversion formula gives the concentrations field in any desired location. The integral transform
solution of the original problem is then computed from:

Cn[x , t ] = Cs[x, t ] / . numerical;
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The exact solution of the transport equation for a semi-infinite medium [4] is used to show the
confidence of the proposed solution:

Cexact[x_, t_] :=

cr/(a + v)*EA(x*(a - v)/(2*A))*

Erfc[(x - v*t)/(2*Sqrt[D*t])] +

a/ (a - v)*EA(x*(a + v)/(2*A))*

Erfc[(x + v*t)/(2*Sqrt[A*t])] +

aA2/(2*A*y)*

EA((a*x)/A - y*t)*

Erfc[(x + a*t)/(2*Sqrt[A*t])]

5. RESULTS

Table I shows some dimensionless concentrations calculated at given dimensionless
positions and times using fifty terms.

Figure 2 shows a 3-D plot of the concentration field. Convergence can be confirmed by
considering different truncation orders when evaluating the inversion formula and defining the
concentration from partial sums. Two positions were selected, x = 0.01 and x = 0.5, to show
the influence of position on the convergence. The results, presented in Tables II and III, are
compared with the exact solution for a semi-infinite medium.

It can be observed that the convergence is quite effective within the region already
affected by the advancing contaminant front, while somewhat slower within the region not yet
affected by the migration phenomena, ahead of the dispersion plume. Of course, the solution
within this region is not crucial to the physical interpretation of the results, but is an indication
that alternative filtering can be considered, especially for shorter times. This is done by
selecting the semi-infinite exact solution, in terms of error functions, as the filter, instead of
the steady state solution, which is in fact more appropriate for larger times. Since the semi-
infinite region solution is indeed an excellent approximation for the original problem in the
first time domain, it becomes a very efficient filtering solution. This aspect will be examined
more in detail later on.

TABLE I. DIMENSIONLESS CONCENTRATIONS AT
T = 0.5,2.5, 5.0,10.0 AND 15.0

X t

0.01

0.1

0.5

1.0

0.5

0.89936

0.04691

0.00002

0.

2.5

0.98032

0.88608

0.00015

0.

5.0

0.98041

0.89682

0.32515

0.

10.0

0.98052

0.89686

0.60345

0.21651

15.0

0.98044

0.89685

0.60356

0.37116
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FIG. 2. 3-D plot of the dimensionless concentration profiles.

TABLE II. DIMENSIONLESS CONCENTRATIONS FOR
DIFFERENT TRUNCATION ORDERS AT X = 0.01.

n t

10

20

30

40

45

50

Exact

0.5

0.89936

0.88486

0.89839

0.89906

0.89928

0.89936

0.90095

2.5

0.98032

0.98027

0.98031

0.98032

0.98033

0.98032

0.98035

5.0

0.98041

0.98036

0.98040

0.98041

0.98042

0.98041

0.98044

10.0

0.98052

0.98063

0.98054

0.98051

0.98048

0.98052

0.98044

15.0

0.98044

0.98044

0.98044

0.98044

0.98044

0.98044

0.98044

TABLE III. DIMENSIONLESS CONCENTRATIONS FOR
DIFFERENT TRUNCATION ORDERS AT X = 0.5.

n t

10

20

30

40

45

50

Exact

0.5

0.00655

-0.00348

0.00007

-0.00005

0.00002

0.00002

0.

2.5

0.00194

0.00011

0.00016

0.00014

0.00015

0.00015

0.00015

5.0

0.32534

0.32109

0.32516

0.32514

0.32515

0.32515

0.32512

10.0

0.60314

0.60354

0.60343

0.60348

0.60344

0.60345

0.60347

15.0

0.60356

0.60356

0.60356

0.60356

0.60356

0.60356

0.60354
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The linear plots of the concentration profiles at times t = 0.5, 2.5, 5.0, 10.0 and 15.0
obtained with n = 50, are presented in Fig. 3.

At t = 10.0 the concentration field is close to attaining steady state, which is practically
reached at time t = 15.0.

The corresponding plots obtained with the exact solution for a semi-infinite medium
are shown in Fig. 4.

Except for the region ahead of the concentration advancement front where full
convergence is not achieved for shorter times and low truncation orders (see Table III), the
agreement between the proposed solution and the exact solution for a semi-infinite medium is
indeed excellent.

t=15.0

0.2 0.4 0.6 0.8 1

FIG. 3. Evolution of the concentration front within the porous medium.

0.2 0.4 0.6 0.8 1

FIG. 4. Evolution of the concentration front obtained by exact solution.
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Abstract

STRATEGY ADOPTED FOR THE SAFE MANAGEMENT OF THE WASTE ARISING FROM
THE GOIANIA ACCIDENT.

The radiological accident in Goiania brought on an unexpected radioactive decontamination
problem which generated a large volume of waste. The key to a straightforward management of this
waste was the definition of a successful strategy to deal with it. To achieve this, several fundamental
aspects were taken into account. Among the most important, one can mention the properties of the
waste, the infrastructure available for its collection, the decontamination logistics, the motivation and
commitment of the workers of different organizations involved in the cleanup tasks, the politically
sensitive definition of handling a different kind of waste and the administrative procedures to set up
reliable records on the waste collected. In the aftermath of the accident, management of the waste
became complex because of the delay in agreeing on and setting up a disposal facility. Four years
after the accident, corrosion was detected in some packages and measures were taken to ensure safe
interim storage until final disposal. These measures focused on waste reconditioning, the
development and implementation of a database containing a detailed inventory of the waste and the
development of a national safety evaluation procedure for the final disposal facility. An overview is
presented of the management of the waste derived from the Goiania accident, as well as the solutions
adopted for final disposal.

1. INTRODUCTION

According to Brazilian legislation, the Brazilian Nuclear Energy Commission, CNEN,
is the governmental body responsible for receiving and disposing of radioactive waste in all
of Brazil. The establishment of regulations concerning radiation safety, waste management
and disposal is also a responsibility of CNEN.

Following the accident in Goiania, experts on radiological protection and waste
management took the actions necessary to cope with several challenging situations and to
restore normal conditions to the city. Decisions as to whether to decontaminate, dispose of or
store waste had to be taken on the spot. As a result, different types of wastes were generated
which needed to be classified according to their origin, physical and chemical properties and
external dose rates.

It must be noted that political and psychosocial issues associated with the subject of
radioactive waste contributed enormously to the difficulties faced by CNEN in selecting a
suitable site for the storage of the waste produced in the decontamination process.
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2. WASTE MANAGEMENT STRATEGY [1]

During the initial stages of decontamination of several sites in Goiania, it became
necessary to define a strategy primarily aimed at segregating, identifying, keeping records on
and handling the wastes in such a way which would later allow: (i) to store them temporarily
for a reasonably long period of time, (ii) to maintain them safely during storage and (iii) to
dispose of them safely and definitively.

Another great difficulty which confronted the staff of CNEN was the strong
opposition raised mainly by the general public and the politicians.

Three groups of wastes were generated by the decontamination activities:
- first: soil, debris, metal scrap (85% of total volume);
- second: waste paper, plastic material, clothes (11% of total volume);
- third: animals, wood, plants (4% of total volume).

These wastes were collected into the four types of packaging available in Brazil at the time:
. 200-litre drums;

• 1.7m metal boxes;
• one drum concrete overpack (VBA);

• 32m shipping containers.
The waste from the first group was conditioned mainly in metal boxes and 200-litre

drums, without immobilization. Most of the paper waste was wrapped in plastic and put
either into shipping containers or metal boxes. Plastic and clothes were conditioned in 200-
litre drums. Animal carcasses were conditioned in drums. Later, these drums were put into
metal boxes. Other types of waste were conditioned either in drums or metal containers.

As a consequence of the accident, approximately 3500 m3 of waste was generated,
with an estimated overall activity, in 1987, lying between 47.0 TBq (1270 Ci) and 49.6 TBq
(1340 Ci).

The waste was temporarily placed in an open air storage facility occupying an area of
about 8.5x 10m at a site near the village of Abadia de Goias, 23 km removed from the centre
of Goiania, a city with close to one million inhabitants. For the further management of the
waste generated during the accident and taking into account the decay period necessary for
the contents of all packages to reach a 137Cs activity concentration level not greater than
87 Bq/g — a value suitable for landfill disposal [2] — the waste was categorized into three
major groupings, as illustrated in Tables I—III.

TABLE I. WASTE FROM THE CLEANUP: METAL BOXES
(MARCH 1992)

Decay time (years)

t = 0

0<t<= 150

t>150

Total

Quantity

388

658

305

1351

Volume (m3)

659.6

1118.6

518.5

2296.7

Activity (TBq)

0.037

1.736

34.946

36.719
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TABLE II. WASTE FROM THE CLEANUP: 200-LITRE
DRUMS (MARCH 1992)

Decay time (years)

t = 0

0<t<=150

t> 150

Total

Quantity

2731

1268

216

4215

Volume (nr )

546.2

253.6

43.2

843.0

Activity (TBq)

0.024

0.225

0.730

0.979

TABLE III. WASTE FROM THE CLEANUP: OTHER PACKAGES (MARCH 1992)

Type

Shipping containers

One drum overpacks

Caesium source container

Decay time (years)

t = 0

t> 150

t> 150

Quantity

10

8

1

Volume (m )

320.0

4.0

2.0

Activity (TBq)

0.011

0.722

4.477

TABLE IV. WASTE CLASSIFICATION BY
VOLUME AND ACTIVITY

Decay time (years) Volume (%) Activity (%)

t = 0 42.7 0.1

0 < t < = 150 16.5 4.0

t> 150 40.8 95.9

As can be seen in Table IV, specific activities were not greater than 87 Bq/g for
42.7% of the waste. Although the specific activities of this grouping were of the same order
as the value established in the Brazilian regulation for landfill disposal by users of
radioisotopes (74 Bq/g) and below the 87 Bq/g threshold, it was not considered exempt from
control.

For the Brazilian Regulatory Body, exemption criteria are applicable only for solid
wastes generated by facilities which handle small quantities of radioactive materials. Even
considering the very low specific activity of this group of waste and its predicted negligible
impact on the basis of a safety analysis, it was considered convenient to construct a specially
designed facility for final disposal. Most of the recovered activity was distributed over only
16.5% of the total volume, requiring a decay period greater than 150 years to reach acceptable
concentration levels. The remaining 40.8% of the waste needed to be reconditioned into
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TABLE V. WASTE IN THE FIRST REPOSITORY (CGP)
(ACTIVITY IN MARCH 1995)

Package type

200-L drum

Metal box

Shipping container

Total

Quantity

2741

368

10

-

Volume (m3)

548.2

625.6

320.0

1493.8

Activity (TBq)

2.24 x 10-2

3.54 x 10-2

1.00x10-2

6.78 x 10-2

concrete and metal containers to ensure package integrity as well as to provide an additional
engineered barrier for the near surface repository.

3. RECONDITIONING

After four years of storage in the open, it was verified that corrosion had developed in
some packages, especially in the 200-litre drums. To ensure safe storage for a longer time
period, i.e. until final disposal, reconditioning measures were undertaken to upgrade the waste
packaging. The objective was to comply with the temporary storage and final disposal
requirements provided in the Brazilian regulations. For this purpose, three types of packaging
were designed and manufactured:

. a concrete overpack capable of holding 14 drums of 200 litres;

. a metal cylindrical container capable of holding 14 drums of 200 litres;

. a metal cylindrical container for the remaining caesium source.
The interim storage and disposal strategy was based on the decision to set up two

disposal facilities at the Abadia de Goias site.
The first repository (Conteiner de Grande Porte-CGP), intended for the storage of all

waste with specific activity below the 87 Bq/g limit, was constructed in 1995. The second
facility, for radioactive waste with activities exceeding this value, was completed in 1997.

4. LICENSING

The safety of the first repository, a large capacity concrete storage container (CGP)
based on a simple and robust model and designed to dispose of wastes with activities below
87 Bq/g, was assessed by way of a Safety Analysis Report (SAR) [3] which showed that the
radiological impact due to this disposal was negligible. This report was prepared and
submitted to the Brazilian organization responsible for environmental licensing (IBAMA),
with a view to obtaining an exemption from the environmental licensing process and,
consequently, from the submission of an Environmental Impact Report (EIR). Table V shows
the inventory of the waste in this repository.

An environmental radiological protection programme conceived especially for
monitoring the disposal site was performed.

The licensing process, from the selection of the site up to final disposal, involved the
evaluation of the Safety Analysis Report (SAR) in the following areas:

312



TABLE VI. WASTE IN THE SECOND REPOSITORY (ACTIVITY IN MARCH 1995)

Package type

Metal container (FT-01) with the recovered source

Concrete containers (VBA)

Concrete containers (CB)

Metal containers (CM)

Metal Box

Total

Quantity

1

8

90

16

989

1104

Volume (m^)

4.1

10.8

855.0

91.2

1677.9

2639.0

Activity (TBq )

4.11

6.73 x 10-1

2.04 x 10-1

5.04 x 10-1

3.46 x 10l

4.01 x 10l

• facility description
• site characterization
• design and construction
• acceptance criteria, requirements and operational procedures for the repository
• closure
• environmental radiological protection
• occupational radiological protection
• institutional control period
• protection against intrusion
• quality assurance.

The second repository was built on the same site. For this facility, the state of Goias
submitted an Environmental Impact Report to the Brazilian Environmental Regulatory Body,
IBAMA, for approval. A special Safety Analysis Report was prepared by a consulting
organization and was submitted to CNEN for evaluation of the radiological impact. After the
relevant licences were issued, the disposal tasks were performed and the repository was
completed. Table VI presents the inventory of the waste in this repository.

5. CONCLUSIONS

Due to the unusual nature of the management of waste arising from an accident, the
establishment of a strategy at the beginning of the decontamination operations is fundamental
to ensure that all the steps taken will ultimately lead to the final disposal of the radioactive
waste collected.

Beyond the complex technical dimensions inherent in managing waste generated in
the aftermath of an accident and in particular, in evaluating the safety of disposal facilities, it
must be underscored that in Goiania, psychosocial aspects were a major obstacle in the way
of the search for a temporary storage solution and final waste disposal site.

A previously established policy by the competent authority, specifically geared
towards waste arising from accidents, will appreciably facilitate the task of safely managing
these radioactive substances, from the time of temporary storage until their final disposal.
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Abstract-Resumen

PROGER — RADIOACTIVE WASTE MANAGEMENT IN BRAZILIAN RESEARCH INSTITU-
TIONS.

This article demonstrates the feasibility of a programme, called PROGER, which is aimed at
improving the radioactive waste management activities of research institutions in Brazil. PROGER
involves the implementation, correction and updating of waste management techniques in those
institutions where a waste management system is already being carried out or the introduction and
full deployment of such a system in those where a system does not exist. The methodology utilized
by the PROGER programme is discussed, and partial results are presented bearing in mind the
characteristics and quantities of wastes.

PROGRAMA "PROGER" — GESTIÓN DE DESECHOS RADIACTIVOS EN INSTITUCIONES
DE INVESTIGACIÓN DEL BRASIL.

El presente trabajo demuestra la viabilidad de un programa, denominado PROGER,
destinado a mejorar las actividades de las instituciones de investigación del Brasil relacionadas con la
gestión de desechos radiactivos. Este programa entraña la ejecución, corrección, y actualización de
las técnicas de gestión de desechos en las instituciones en que ya se aplica un sistema de gestión de
desechos, o la implantación y pleno despliegue de ese tipo de sistema en las instituciones en que aún
no existe. Se examina la metodología utilizada por el programa PROGER, y se presentan los
resultados parciales en función de las características y cantidades de desechos.

1. INTRODUCCIÓN

La gestión de desechos radiactivos ha sido comunmente definida como una estrategia
de la administración técnica de los subproductos radiactivos, o sea, los productos generados
por el manejo de materiales radiactivos de distintas categorías tales como efluentes líquidos,
productos sólidos, materiales orgánicos, etc. [1]. La diferenciación de los procesos de
separación, tratamiento, almacenamiento y eliminación de desechos sólidos y líquidos es un
elemento esencial de la adecuada gestión de desechos [2] para resolver, en cada caso, los
problemas relacionados con el riesgo de contaminación y, por consiguiente, los relativos a la
salud y al medio ambiente.

2. MATERIALES Y MÉTODOS

A finales de 1995, basándose en el análisis de resultados de la gestión de desechos de
los últimos años, la Superintendencia de Licénciamiento y Control, a través de su
Coordinadora de desechos radiactivos COREJ/SLC/CNEN (Coordenacao de Rejeitos
Radioativos/Superintendéncia de Licenciamento e Controle/Comissao Nacional de Energía
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Nuclear) inició y luego desarrolló un programa destinado a atender la generación de desechos
en el área de la investigación científica. Los fundamentos para la organización del programa
fueron:

• El aumento rápido y desordenado de los volúmenes de desechos radiactivos
combinados con desechos biológicos, productos químicos y otros materiales
contaminantes, especialmente en las investigaciones de biociencias.

• El gran número de laboratorios en universidades que utilizan radisótopos en la
investigación científica.

• La intensificación y diversificación de técnicas con empleo de radisótopos de media y
larga vida.

Dentro de esta óptica, a partir de la localización de los principales laboratorios de
investigación, se establecieron las siguientes metas:

1. Garantizar, a través de un seguimiento sistemático, que la recolección, separación,
acondicionamiento, eliminación o almacenamiento de los desechos radiactivos sean
realizados de forma segura.

2. Evaluar y proponer, a partir de la identificación de los locales que generan mayor
cantidad de desechos, los radionucleideos más usados y las modificaciones de orden
operacional en las metodologías y condiciones de gestión de los desechos con miras a
su mejora.

3. Introducir técnicas de separación y reducción del volumen de desechos.
4. Imponer medidas restrictivas a las instituciones reincidentes en las conductas

relacionadas con la gestión de desechos.
5. Almacenar los desechos de media y larga vida previamente separados, contaminados

conC-14yH-3.
Algunas características específicas del programa son:

. Se pretende, paralelamente, identificar al personal calificado para actuar, en el ámbito
de los laboratorios, departamentos e institutos, en la solución de los problemas
relativos a la gestión de los desechos producidos.

. Desarrollo de metodologías apropiadas para el tratamiento, acondicionamiento,
eliminación y o almacenamiento provisional de los desechos radiactivos combinados
con desechos químicos inorgánicos y biológicos, además de los procedimientos para
recolección y eliminación de esos materiales del sistema de desechos urbanos y de la
red de desagües.

• Apoyo a la elaboración de metodologías en el ámbito de las universidades, para
proveerlas con depósitos provisionales de desechos radiactivos, de acuerdo con la
norma CNEN-NE-6.05, además de los procedimientos, probados e implantados de
forma rutinaria.

2.1. Infraestructura

El PROGER cuenta con un cuerpo técnico de 10 especialistas en gestión de desechos,
algunos con experiencia adquirida como participantes en la respuesta al accidente radiológico
de Goiánia. Cuenta además con el apoyo del cuerpo técnico del área de desechos radiactivos
del Instituto Pesquisas Energéticas e Nucleares (IPEN), para atender la región de Sao Paulo.
Dispone también del apoyo de otros departamentos de la SLC/CNEN, de una base de datos
sobre fuentes, de instalaciones y de responsables autorizados en la investigación con
radisótopos [3], además de una base de datos específica sobre desechos radiactivos en el
Brasil.
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3. RESULTADOS Y DISCUSIÓN

Los importantes progresos realizados en el área de la gestión ambiental en sus
aspectos de prevención y descontaminación permiten destacar los efectos relacionados con la
mala gestión de los desechos generados en la investigación como uno de los grandes
problemas solucionar a corto plazo por las entidades reguladoras y los usuarios de material
radiactivo. La misma tendencia se observa en relación con la separación y eliminación de
algunos agentes contaminantes, tales como las sustancias radiactivas presentes en materiales
biológicos, solventes orgánicos (soluciones escintiladoras) y productos químicos.

Aunque las concentraciones de materiales radiactivos liberados al medio ambiente
sean bajas, el peligro de contaminación ambiental de la combinación de soluciones
escintiladoras + solventes orgánicos + sustancias radiactivas, desechos biológicos +
sustancias radiactivas, solventes orgánicos + ácidos y otros materiales patogénicos y
sustancias inflamables, ha causado preocupación por la forma como se tratan y administran
en las universidades, principales fomentadoras de investigación científica en el país [4].

En cuanto a las cantidades de radisótopos liberados en el medio ambiente, las
instituciones de investigación no cuentan con registros bien documentados en el mundo [5].
El Japón, para el año de 1989 y para una población de 118,9 millones de habitantes, estimó
valores de 5,2, 6,1, 14 y 34 GBq por 106 habitantes para C-14, 1-125, H-3 y 1-131,
respectivamente. En los Estados Unidos [5], la producción de compuestos marcados con C-14
fue estimada, en 1978, en entre 7 y 30 TBq por 106 habitantes, lo que significa
aproximadamente 6 veces la del Japón. En Europa [5], se estima una cantidad de 50 GBq por
106 habitantes. En Brasil, estos datos se encuentran todavía en fase de recolección por el
PROGER.

Las primeras acciones del PROGER dieron prioridad a un acopio de información
específico de las condiciones de gestión de desechos de instituciones seleccionadas entre las
mayores usuarias de material radiactivo, a través del envío de cuestionarios con preguntas
relevantes para la buena gestión de desechos radiactivos.

Los datos tomados sobre desechos en la sala de almacenamiento provisional de la
Universidad Federal de Río de Janeiro (que presentó después separación y
acondicionamiento) se encuentran en el Cuadro I.

CUADRO I. DESECHOS EN ALMACENAMIENTO
PROVISIONAL

Clasificación

Desechos comunes

Desechos almacenados

Desechos retirados

Cantidad
(V = litros)*

20 000

1000

1200

Observaciones

Para desintegración

C-14; H-3 y Sr-90

* Los desechos fueron evaluados en litros teniendo en cuenta el número
de bolsas plásticas para almacenarlos.

Debido a la gestión realizada en la institución, o a falta de ella, había una mezcla de
radionucleideos sin separación y sin registro de las actividades implicadas. Así, el criterio de
separación de los desechos siguió el de la experiencia práctica [6], utilizando la tasa de
numeración como referencia de separación, por tratarse de emisores beta y gamma. Para el
criterio utilizado véase el Cuadro II.
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CUADRO II. CRITERIO DE SEPARACIÓN DE LOS DESECHOS

Clasificación

Desechos comunes
Desechos para
desintegración
Desechos para almacenar

Radiación en la superficie de
los desechos (M-R)*

M-R = radiación de fondo
M-R > radiación de fondo

M-R » radiación de fondo

Observaciones

emisores p, y
emisores p, y

emisores P, y

*200 cps = radiación de fondo en unidad arbitraria

Los resultados obtenidos en esta institución señalan la necesidad de difundir el
PROGER entre las otras instituciones, la cuales se encuentran normalmente en las mismas
condiciones.

4. CONCLUSIONES

1) El PROGER posibilita el entrenamiento del personal, la separación, el
acondicionamiento, el monitoreo y las demás acciones necesarias para la correcta
gestión de los desechos radiactivos por los técnicos implicados, tanto de la CNEN
como de las instituciones de investigación.

2) La expansión del PROGER a escala nacional es de extrema necesidad para evitar
exposiciones innecesarias de los investigadores y del público relacionado, y para
contribuir a minimizar los efectos estocásticos desde la perspectiva del impacto en el
medio ambiente.
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Abstract

THE MODELLING OF 2-D MIGRATION PATTERNS OF SOLUBLE WASTE IN SOILS.
A novel approach to the modelling of two-dimensional migration patterns of soluble waste in

soils is presented. This approach, albeit very simple and straightforward, was found to be powerful
enough to simulate several aspects of the migration of conservative tracers in non-sorptive soils. In
brief, the finite-difference technique is adopted for the solution of the two-dimensional
advection-dispersion equation. Since the simulated data were to be verified against experimental data
obtained through the use of radioactive tracers, the numerical model was modified to take into
account the corresponding experimental aspects, with special regard to the attenuation of radiation
through the soil mass. The introduction of this correcting factor rendered the simulation quite faithful
to the experimental data, thus suggesting the feasibility of the proposed approach for the
two-dimensional analysis of waste migration.

1. INTRODUCTION

The generation of waste is certainly one of the least agreeable by-products of
civilization. In recent years, this most undesirable aspect has been the focus of intense
scrutiny, augmented by the disproportional attention given to radioactive releases. Now, in
the public inquiries prior to the approval of a nuclear installation, the management and
disposal of generated waste, although very small quantities are actually produced, are the
subj ect of heated discussion.

This popular fear is understandable, but at the same time unfounded. Despite fairly
recent accounts of tragedies or near-tragedies associated with poorly-planned waste
repositories, waste management has evolved dramatically in the last few decades. It is still not
possible to design and build an eternal repository, but much is known about the behaviour of
waste in soils to allow the adoption of convenient, both technically and economically
speaking, engineered barriers. The recently commissioned repository at Abadia de Goias, in
Brazil, which received the waste generated in the cleaning-up after the 137Cs accident in
nearby Goiania, is a good example.

The rationale behind the final disposal of toxic waste is that it should be really 'final',
i.e., never to reach living organisms, especially man. Since sending it to outer space would be
utterly unethical and, for the moment, unacceptably dangerous, the standard way to dispose of
waste involves the age-old practice of burial, either just below the surface or in deep caves or
other openings. This is not exactly fail-proof, as geologic convulsions, such as earthquakes
and volcanoes, would expose huge quantities of dangerous waste. These are, however, very
unlikely occurrences, as planners would never place repositories near to volcanoes or in
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regions prone to earthquakes. Therefore, buried waste can only be displaced significantly
when dissolved in groundwater, a scenario generally known as groundwater intrusion [1].

Once in solution, waste components will spread through an aquifer by advection and
dispersion. This spreading, however, can be checked by the set of physico-chemical reactions
between the solute and the soil solids collectively known as sorption. In practice, sorbed
solutes are retarded relatively to the solvent, and the corresponding retardation coefficient is
related to the affinity between solutes and the soil solids.

Despite the complexity of the phenomena involved with the movement of soluble
components in saturated soils, this migration can be adequately described by the well-known
advection-dispersion equation. In three dimensions and cartesian co-ordinates it has the form

a 2 C _ 3 2 C 6 2 C d2C dC

a t 2 x a x
2 y a y

2 z a z 2 x a x-> -2 x a 2 y a 2 z a 2 x -, v /

where R = retardation factor (R = 1 if sorption is assumed negligible)
C = concentration of solute at the time t at the point P(x,y,z)
Dj= dispersion coefficient in the i-direction
vx = seepage velocity, taken along the x-axis

Solutions to (1) will depend on the prevalent boundary conditions. It must be stressed,
however, that even in one dimension, closed-form solutions are never easy to obtain [2], so
that numerical approximations, either by finite elements or finite differences, are usually
preferred. For this reason, validation of the advection-dispersion equation and its boundary
conditions are in many cases undertaken by means of 1-D experiments.

In the present paper, an innovative finite-difference approach to the solution of the
advection-dispersion equation is discussed. The numerical data thus obtained were calibrated
against the results of two-dimensional migration experiments with radiotracers. In order to
facilitate the comparison, conservative tracers were generally used, so that sorption was
insignificant.

2. EXPERIMENTAL ASPECTS

2.1. The 2-D advection-dispersion equation

The basis for the advection-dispersion equation is Fick's second law, to which an
advective term is added. In two dimensions, this is represented as

D a 2 c a 2 c _ a 2 c BC

The longitudinal (in the direction of flow) dispersion coefficient is commonly taken as

DX = D ; + X v x (3)

where Dx = diffusion coefficient of the solute in the soil
X = dispersivity
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Dispersivity is in length, and it varies from a few millimetres for well-controlled soils
to a few metres for fractured rock. Nevertheless, as the product X.v is generally several orders
of magnitude greater than Dx*, it can be safely said that Dx equals A.vx.

In the direction perpendicular to flow, dispersion happens in response to the
longitudinal dispersion. As there is no flow in this direction, what occurs in practice is lateral
diffusion, with the diffusion coefficient incorporating the contribution of longitudinal
dispersion. There is no particular equation, such as (3) above, for Dy, but several studies have
established the relationship between longitudinal and lateral dispersion coefficients for a wide
range of migration velocities [3,4].

2.2. The finite-difference approach

The application of differential equations by finite differences involves the substitution
of approximate difference formulas for the derivatives. These can be central-difference,
forward-difference or backward-difference, and the application of each will depend on the
conditions of the problem. In the present approach, central-difference formulas were used to
approximate the spatial derivatives, whereas a forward-difference formula replaced the time
derivative.

The finite-difference technique is an iterative process in which each new result, or
node, is obtained from the ones 'above' it. In order to guarantee the stability of the algorithm,
the iteration usually requires the adoption of very small increments, so that the process is
quite slow. The increasing availability of faster computers has made it feasible to use
increments as small as necessary.

Well-known methods exist for the solution of two-dimensional differential equations
through finite differences [5-7]. The experimental aspects inherent in the process under study
called for the adoption of a different approach, which was shown to be successful in one-
dimensional studies [8]. This was justified by the fact that soft gamma ray emitters were used
as tracers, and that radiometric data were collected by non-collimated Geiger tubes. That
meant that each tube received information from the whole plume of tracer, whereas the
corresponding result from the numerical model would be the tracer concentration at the point
where the Geiger tube was located.

In the model described herein, the entire soil mass is 'sliced' into a number of thin
1-D columns parallel to flow lines, which in accordance with the experiment are assumed to
be vertical. Tracer concentration along any of these vertical columns is assumed to vary only
in the vertical direction. The application of the finite-difference technique to this 2-D problem
is done in the following steps:

1. Once the starting nodes are entered in the numerical model in accordance with the
boundary conditions, the first 'line' of nodes, one for each vertical column, is obtained
by applying the finite-difference solution to the 1-D advection-dispersion equation.

2. This line of nodes is then treated as a horizontal column, and the 1-D diffusion
equation is applied to it, with the same time increment chosen for step 1; each new
data for this column becomes the new node for each original vertical column.

3. These new nodes are then used to generate another line of nodes, and the steps are
repeated until it is observed that the tracer has reached the bottom of the soil mass.

The code for this solution was written in Quick Basic for use on a PC. The output of
the code has the same format as the output from the experiment. Sets of data from both the
experiment and the simulation were converted into concentration contours by means of a
commercial graphics software.
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2.3. The soil model

The soil model used in the experiment has been previously described in detail [9]. The
diagram of the experimental set-up is shown in Fig. 1. For the purpose of the present study, it
suffices to say that it was an aluminium box with internal dimensions of 950mm (L) x
150mm (W) x 375 mm (H). The box was filled with pea gravel to a height of 50 mm, then
with silt-size silica flour to a height of 340 mm. A continuous flow of distilled water was
maintained through the soil mass for the duration of the experiment, so that saturation flow
conditions were prevalent. Due to the fine soil used, the water flow was accelerated by means
of a geotechnical centrifuge. The tracer was introduced in the perspex box at the top when
steady state flow conditions had been attained; this information was supplied by the three
miniature pore-pressure transducers inserted in the soil. This box was pierced to simulate a
faulty repository. The evolution of the tracer in the soil, once it had abandoned the perspex
box, was monitored by several miniature Geiger tubes inserted in the soil. Readings were
taken every two minutes, until the tracer reached the base of the model.
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3. RESULTS

3.1. Treatment of data

It can be seen from Fig. 1 that the arrangement of the Geiger tubes in the soil included
a column of detectors in the middle of the box. As the perspex box was centred, this meant
that the centre of the plume would travel along this column. The arrival of the plume at the
depth corresponding to a centre-line Geiger tube was therefore marked by a sharp increase in
the observed count rate. The readings of the other Geiger tubes for that same instant were
used to generate the concentration contours for that depth. As the tracer would decay during
the experiment, all readings were corrected accordingly and normalized to a maximum of
1000. This correction was unnecessary for the simulated data, but these data were also
normalized to a maximum of 1000 for the sake of comparison.

3.2. Centre-line curves

Fig. 2 shows the experimental (solid) and simulated (dashed) centre-line count rate
curves for one migration experiment. The depths selected correspond to detectors Al, A3, A7
and Al 1 in Fig. 1. The effect of dispersion is clearly visible, with the curves being 'flattened'
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as the tracer progressed through the soil bed. As a constant hydraulic head was imposed on
the model throughout the experiment and the distance between Geiger tubes was known, a
seepage velocity of 2.3 mm/min was calculated. A heuristic approach was adopted to estimate
the longitudinal dispersivity as 0.7 cm and the radiation attenuation coefficient as 0.8 cm*1.
These parameters were entered in the numerical model, and the simulated curves were
obtained.

3.3 The concentration contours

Two sets of concentration contours, one for the experimental data and the other for the
simulation, are shown in Fig. 3. In both cases the contour lines were drawn at intervals of 100
units, the outermost curve corresponding to a relative concentration of 100. Once again the
dispersion effect is evident, with the peak concentration diminishing as the plume reached
greater depths, and the curves themselves becoming more spaced. For the simulation, all
parameters determined above were entered, plus a figure of 0.07 cm for the lateral
dispersivity. This figure was estimated from curves correlating the longitudinal and lateral
dispersions for a wide range of seepage velocities [3,4].

4. CONCLUSIONS

The following conclusions may be drawn:

— The numerical model presented herein, despite its simplicity, is powerful enough to
simulate the important patterns of 2-D solute migration in soils.

— Since 2.3 mm/min is by any standard a high seepage velocity, it can be safely
assumed that the model itself will be stable for the range of velocities usually
found in actual soils.

— As a suggestion for further work, the introduction of a retardation factor can be
attempted, so that the model can be generalized for the simulation of sorptive
conditions.
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Abstract

INSTRUMENTAL ANALYSIS BY GAMMA SPECTROMETRY OF LOW LEVEL CAESIUM-137
IN MARINE SAMPLES.

An instrumental method for the analysis of low levels of l ^ C s j n marine samples consists in
calibrating the detector, determining the counting efficiency of the detector, accumulative counts of
background and sample and smoothing the 661.6 keV photopeak. The methodology was applied to
reference samples containing low levels of 137cs, showing a good accuracy. It was further applied to
sediment samples from the southern coast of Brazil. The levels obtained ranged between 1.0 and 1.8
Bq-kg-1, and the lower limit of detection and minimum detectable concentration values were 10 mBq
and 0.28 Bq-kg~l, respectively.

1. INTRODUCTION

As other sources of pollution, radioactive pollution is of great environmental concern.
Humans and living organisms can be affected by anthropogenic radionuclides, which are
distributed around the world through radioactive fallout derived from weapons tests, the
activities of the nuclear power industry and nuclear accidents.

In this context, it is necessary to perform monitoring programmes in order to obtain
the radionuclide levels in the environment. The analysis of radionuclides present in low levels
in the environment usually requires tedious and laborious radiochemical methods which
consist in dissolving the sample, concentrating the obtained solution, eliminating the
interferences and counting.

An alternative method to the gamma emitting radionuclides analysis is to resort to
instruments, but this presents a series of difficulties related to background counts [1]
(fluctuations in the background are identified as true photopeaks), a low detection limit of the
detector and the change in the photopeak position. All of these factors may act as sources of
error in the analysis of the gamma spectrum, especially when small photopeaks are formed.

Many authors have studied ways to minimize the interferences due to background
radiation and improve the detection limit and the precision of the analysis by using smoothing
procedures and detectors with anticoincidence systems [2, 3].

To fulfil these aims, an instrumental method for the analysis of I37Cs in marine
samples was developed, as caesium is a critical radionuclide from a radiological point of
view.

The method consists in calibrating the detector, determining the detector counting
efficiency, accumulative counts at regular time intervals of both sample and background and
smoothing the 661.6 keV 137Cs photopeak.
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The MAESTRO II computer software [4] offers several programmes for such a
purpose, so it was possible to load files to carry out the above functions.

2. METHODOLOGY

2.1. Equipment

The counting measurements were carried out with a high purity Ge detector (ORTEC,
Model GEM 60120P) with a resolution of 1.9 keV at a 1332.40 keV photopeak of 60Co. The
software used for the gathering of data was MAESTRO II.

2.2. Detector calibration

A detector calibration was performed using several gamma ray emitting nuclides, in
particular m C s (661.6 keV) and ^Co (1332.4 keV).

2.3. Reference samples

In order to verify the precision and accuracy of the analysis method, the following
food and environment samples were taken in accordance with the 1989 International Atomic
Energy Agency classification: IAEA-375 (marine sediment), Soil-6 (soil), IAEA-307
(seaweed), IAEA-352 (tuna fish) and IAEA/SD-N-2 (marine sediment).

2.4. Detector counting efficiency

To determine the detector counting efficiency in the I37Cs photopeak region, the
IAEA-375 reference value was employed (5281 Bq-kg"1 of I37Cs).

The sample was dried in a muffle at 110°C for 8 hours, transferred to plastic recipients
(5 cm in diameter, with variable heights of 2, 2.5 and 3 cm). After weighing, the samples
were counted for six hours. The gamma spectrum was analyzed using the VISPECT2
software [5], and the counting efficiency was calculated using the following relation:

s = C R
 A (1)

t - m R - A R

where

s is detector efficiency to the 661.6 keV photopeak of 137Cs,
CR is the net counting of 137Cs in the reference sample,
t is the counting time in seconds,
mR is the mass of the reference sample (g),
AR is the activity of the reference sample (Bq-g"1).

The results are shown in Table I. There is no significant variation of the detector
efficiency, as the height of the sample in the standard plastic recipient varied between 2 and 3
cm. Therefore, in order to improve the counting statistics, it is better to count samples of a
height of 3 cm, rather than 2 cm, as this allows for a greater sample quantity to be counted.
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TABLE I. DETECTOR EFFICIENCY TO THE
661.6 keV (137Cs) PHOTOPEAK FOR DIFFERENT
SAMPLE HEIGHTS

Height (cm)

2.0

2.5

3.0

Mass (g)

58.29

67.61

80.72

Efficiency (%)

2.170±0.009

2.075 ±0.012

1.923 ±0.013

2.5. Background radiation

The environmental samples present low activity, so any background radiation has an
influence on the detection of the radionuclide. For this project, a study was conducted of the
variation of the background radiation in the region of the 137Cs photopeak in function of time.

Using the MAESTRO II software for the acquisition of data, it was possible to obtain
background counts at intervals of 10 000 to 200 000 seconds for a total counting time which
varied from 70 000 to 250 000 seconds. In order to improve counting statistics, the counting
time depended on the level of 137Cs in the sample.

The gamma spectrum was smoothed according to a binomial algorithm which replaces
the original data channel by channel with the smoothed data as follows:

j J . O 1 . 3 + J (2)

where:

S; is smoothed data in the channel i;
Cj is the smoothing coefficient;
Oj is the original data in channel i.

It was noticed that the ideal number of channels for the analysis was eleven. The 137Cs
photopeak was set so as to be positioned in the channel between 2641 and 2651. Any
variation in the channel versus energy function could lead to an error in the analysis (change
in the photopeak of 137Cs). Therefore, the spectrum often had to be recalibrated to the channel
position previously specified.

Figure 1 presents the background counts in the 137Cs photopeak region, the counting
time, the angular coefficient and respective standard deviation (oBG).

2.6.137Cs analysis in the reference materials

Reference samples (weighing 75 g to 105 g) were dried in the muffle at 110°C,
transferred to plastic recipients (5 cm in diameter, 3.0 cm in height), weighed and counted in
the Ge detector. Accumulative countings were recorded in intervals of 10 000 seconds, with
the total counting time ranging from 25 000 to 150 000 seconds.
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The 137Cs activity was calculated according to the following equation:

(A +* ^ - ( C S ^ S ) - ( C B G ± < T B O ) 1 Q 0 Q (3)

where

Acs is the 137Cs activity in the sample (Bq-kg'1),
aC s is the standard deviation of 137Cs activity in the sample ,
C s is the 137Cs gross counting in the sample,
crs is the standard deviation of 137Cs counting in the sample ,
CBG is the background counting,
aB G is the standard deviation of background counting,
m A is the mass of sample (g),
t is the counting time(s),
s is the counting efficiency at the 137Cs photopeak (661.6 keV), as

determined by equation (1).

Figures 2 to 5 show the 137Cs counts in the reference samples, as a function of time.
These figures reveal that in all cases, the angular coefficients were higher than those obtained
for background radiation, thus showing that the method developed was adequate for the
analysis of 137Cs with the aid of instruments. Table II presents the results of the 137Cs analysis
in the reference samples.

The results show that the reference samples containing a 137Cs level of about 3 Bq-kg"1

present a relative error of 23% which decreases to 0.6% as the 137Cs level reaches 50 Bq-kg"1'.
This is better visualized in Figure 6, which illustrates the ratio between the experimental and
the certified values.

TABLE II. ANALYSIS OF 137Cs IN REFERENCE MATERIALS (Bq-kg'1)

Reference material

SoiI-6

IAEA-307

IAEA-352

IAEA/SD-N-2

Certified value

53.65(51.43-57.91)

4.9 (4.5-5.2)

2.7 (2.5-2.8)

0.8(0.5-1.0)

Relative standard deviation.

Relative error.

Obtained value

54 ± 1

4.7 ± 0.5

3.3 ±0.5

0.61 ±0.09

Standard deviation3 (%

1.8

10.6

15.1

14.7

) Errorb (%)

0.6

4.1

22.2

23.8

2.7. Lower limit of detection

The lower limit of detection (LLD) [6] was calculated according to the expression:

LLD = 4.66 x aBG

€
where
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aBG is the standard deviation of m C s counting in the sample due to the background
radiation in the region of the 137Cs photopeak,

e is the detector counting efficiency.

The LLD obtained was 10 mBq, which is in good agreement with the values published
by Das and Comans [2] and Das [7] and indicates the high sensitivity of the method.
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FIG. 6. Ratio of experimental to certified values.

2.8. Minimum detectable concentration

The minimum detectable concentration (MDC) was obtained using the equation:

MDC= 4 - 6 6
(5)

where

e x m

aA is the standard deviation of I37Cs counting in the sample;
m is the mass of the sample (g).
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TABLE III. MDC VALUES IN REFERENCE
MATERIALS (Bq-kg-1)

Reference
material

Soil-6

IAEA-307

IAEA-352

IAEA/SD-N-2

Certified value

53.65

4.9

2.7

0.8

MDC

1.65

0.46

0.45

0.28

Table III presents the MDC results obtained in the analysis of reference samples. The
values of MDC of Table III were compared with the certified values for 137Cs in the reference
materials. It can be concluded that this methodology provides good results for the analysis of
this radionuclide even when low levels are present, as for marine sediment (0.8 Bq-kg"1).
Furthermore, MDC is important to establish threshold limits for the determination of the 137Cs
concentration.

2.9.137Cs analysis in Brazilian marine sediments

Marine sediments were collected along the southern coast of Brazil by the
Oceanographic Institute of the University of Sao Paulo.

These samples were analysed as described in section 2.6 above. The I37Cs levels
varied from 1.0 to 1.8 Bq-kg"1 with a relative pattern of deviation of 2% to 14%. Figure 7
presents the 137Cs levels assessed in marine samples collected at different depths in Brazilian
waters. These levels are lower than in other regions of the world which are affected by
radioactive effluents from nuclear reactors, reprocessing plants and the Chernobyl accident.

FIG. 7. Variation of 137Cs levels with the sampling depth.
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The levels found in Brazilian coastal waters are due to global fallout, i.e. radionuclides
released from atomic explosions which were distributed worldwide through the action of
atmospheric winds.

The levels of 137Cs in Brazilian marine samples were compared with those of other
regions of the world [8-11] and are presented in Figure 8. The data obtained in the present
study are used as 137Cs reference levels in Brazilian marine sediments; any alteration in these
values can be attributed to a specific cause such as, for instance, an accident or an increase in
the fallout level.
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FIG. 8. Levels ofl^Cs in Brazilian marine sediments compared with the levels found in other
regions of the world.

3. CONCLUSION

The methodology described shows good results in the determination of low levels of
137Cs, and eliminates the need for laborious and tedious radiochemical methods.

Concentrations of 137Cs in Brazilian marine sediments are very low. Their analysis by
an instrumental method that does not include the procedures of detector recalibration,
smoothing and accumulative countings is impracticable or presents errors as high as 200%.
However, using the procedures outlined, it was possible to analyse 137Cs levels as low as 0.8
Bq-kg"1 with a standard deviation of 14%.

The outcome of the reference samples analysis showed a good degree of precision and
accuracy. Similarly, the LLD and MDC values obtained indicate that the methodology is
favourable for routine monitoring purposes, especially in instances where small photopeaks
appear in the gamma spectrum.
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Abstract

THE ENVIRONMENTAL RADIATION MONITORING SYSTEM IN ISRAEL AND IN SITU
MEASUREMENTS FOR EARLY NOTIFICATION AND OPERATIONAL INTERVENTION
LEVEL CALCULATIONS.

The National Environmental Radiation Monitoring System (NERMS) consists of a network
of ten stations located in different areas of Israel. Each station features a gamma radiation detector
and ambient dose rate meter which provides early notification in the event of a radiological or reactor
accident. The detection of low level radioactive particles is achieved by air sampling devices which
collect suspended and settling particles. The network is connected to the control centre by telephone
lines which enable the transmission of ambient radiation levels around the clock. The system has
proved its efficiency by detecting unregistered gamma radiography work performed in June and
December 1996 in the vicinity of two of the stations. Immediately after radiography work started, an
alarm signal and messages were transmitted by paging devices and a survey team went to the stations
to look into the situation. Regular environmental sampling and in situ HPGe detectors are used to
establish the background levels of environmental radiation at specific sites around the country. The
NERMS, air sampling measurements, sampling of ground, water, vegetables and in situ
measurements provide the operational quantities for operational intervention level (O.I.L.)
recalculations in the event of an emergency. With the data obtained, a more precise and specific
optimization analysis can be carried out which focuses on the accuracy of protective measures. This
should result in a specific intervention level to be used as a criterion for each protective measure in
the medium and long term. Choosing lower or higher levels of intervention would mean allocating
more or less effort and resources to radiation protection.

1. INTRODUCTION

Environmental Radiation Monitoring is frequently used for early notification of the
increase in the ambient level of local gamma radiation. The Radiation Safety Division (RSD)
manages an environmental radiation programme that includes a continuous radiation
monitoring system, environmental sampling and an in situ gamma ray spectrometry system
for field measurements.
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The National Environmental Radiation Monitoring System (NERMS) indicates the
dose rate in different areas of Israel under normal situations and in the event of a nuclear
accident in Israel or abroad.

In situ gamma ray spectrometry has been used in many situations and environments
and has proved to be a fast and accurate tool to determine soil activity concentration levels in
the environment. The feasibility of applying a portable gamma ray spectrometry system for in
situ measurements was experimentally investigated.

During nuclear and radiological emergencies, the calculations of Operational
Intervention Levels (O.I.L.) are the basic parameters for decisions on intervention. The
intervention actions may include, after comparison with the General Intervention Level (GIL)
values, evacuation, relocation, foodstuff countermeasures and decontamination of the affected
area.

Bearing O.I.L. recalculations in mind, this report evaluates the efficiency of
environmental radiation monitoring, low level laboratory and in situ gamma ray spectrometry
for early notification and for determination of dose rates in air, surface contamination and
activity concentration in food during emergencies.

2. THEORY

This section introduces the basic concepts of in situ gamma ray spectrometry
calibration and O.I.L. recalculations.

2.1. In situ gamma ray spectrometry

In situ gamma ray spectrometry provides a factor to convert the photopeak intensities
to surface activity concentration. The factor depends on detector efficiency and angular
response, calibration measurements as well as calculation of unscattered flux Fo, assuming a
certain distribution of the radionuclides in soil.

For naturally occurring radionuclides a good approximation of the source distribution
is that of an infinite half space with homogeneous source concentration in the horizontal
plane and uniform concentration with depth in the soil. For fallout radionuclides, a decreasing
exponential depth profile can be used for first a few years after deposition or in undisturbed
semi-arid regions [1]. The activity concentration of a particular radionuclide [2] is related to
the absorption peak counting rate:

Ax <D No Ax

N
where —- is the counting rate from a particular absorption peak per unit fluence rate for a

N
plane parallel photon beam of energy E, —- is the angular correction factor of the detector at

O
energy E, — is the fluence rate at energy E due to a gamma transition for a particular

radionuclide, not depending on the detector. The detector angular correction can be calculated
using the expression:
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TABLE I. RELEVANT OPERATIONAL QUANTITIES FOR PREDIC-
TION OF AVERTABLE DOSES BY URGENT AND LONG TERM
PROTECTIVE ACTIONS

Protective action Operational quantity

Sheltering

Evacuation

Thyroid prophylaxis

Precautionary food
restriction

Temporary relocation

Permanent resettlement

Foodstuff restrictions

Dose rate, air concentration

Dose rate, air concentration

Air concentration of iodine

Surface contamination density

Dose rate, surface contamination density

Dose rate, surface contamination density

Surface contamination density, activity
concentration in food

N(9)

cose,

2.2. O.I.L. recalculations

The expression 'Operational Intervention Level' designates the quantities that can be
easily assessed at the time of the decision on intervention actions. These quantities include air
dose rate, surface contamination, activity concentration in food, etc. O.I.L.s are related to the
avertable dose by a specific protective action such as evacuation, relocation and banning of
foodstuffs [3], as detailed in Table I.

Generally, the avertable dose DEcr,p from exposure to a single radionuclide, r, and
pathway, p, which could be averted by implementing a countermeasure, c, is given by:

AF = F - E
e,r,p (3)

For an external gamma dose over time t related to evacuation or relocation,

= LxD( t ]) (4)

where D(t,) is the absorbed dose rate in air from deposited activity on ground, therefore
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AE(T)/D(t,)

The collective effective dose rate from the consumption of contaminated foodstuffs is

S(t) = Q(t)e(50)V = s(t)V (6)

where V is the consumption rate, e(50) is the dose per unit activity ingested and Q the activity
concentration. The avertable collective dose per unit mass of a given foodstuff over time t
related to foodstuff countermeasure is

AS(T)=js(t)dt = S(tl)-S(t2) (7)

and therefore

ILf
O.IL.food = ~y (8)

3. MATERIALS AND METHODS

3.1. Environmental radiation monitoring

The National Environmental Radiation Monitoring System is composed of a network
of nine stationary stations and one mobile station which measure the dose rate at the location
of the station. Each station contains: a wide range WD20 Geiger type detector, measurement
instrument1, Front End Processor (FEP) to store data and modem to transfer the data through
the telephone lines to the PC in the control centre [4]. The network is scattered around the
country, with stations near nuclear facilities in the main cities and in port areas, so as to
monitor ambient radiation levels whenever nuclear vessels dock there.

The detector measures the dose rate once per hour in mR/hr and once a day the FEP
transfers the data to the control centre. If a high dose rate threshold is exceeded, the FEP
transfers the data immediately to the control centre and a message is broadcast
simultaneously by a paging device. The sampling frequency is increased up to between 1 and
5 minutes, depending on the specific situation.

The mobile station, placed in the emergency patrol vehicle, is powered by the car
battery and can be mounted on a tripod at a height of 1 metre from the ground. The transfer of
data is done via cellular telephone.

3.2. Environmental sampling methods

Environmental sampling includes low level gamma ray spectrometry analysis of a
typical foodstuffs basket, soil samples, well water and runoff from different locations around
the country, including areas in the vicinity of nuclear centres. Airborne dust and settling
particles are collected periodically on filters in each station of the NERMS and analysed by

1 ENVIRAM B-10®, Rotem Industries Ltd., Beer Sheva.
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gamma ray spectrometry. In this manner, levels of environmental contamination can be
detected and identified which are lower than those picked up by radiation monitor detectors.

Low level gamma ray spectrometry analysis is performed on a laboratory gamma ray
spectrometry system with a shielded intrinsic Ge detector with a 20% relative efficiency2.

In situ gamma ray spectrometry is performed with a portable system comprising a
p-type HPGe detector with a relative efficiency of 20% and spectrometry system3, a 5-litre
liquid nitrogen dewar and a lightweight multichannel analyser operated by a notebook PC4.

Soil samples for determination of 137Cs activity concentration were collected from a
representative geographical distribution from the upper 5 cm layer of the soil using a 12.3 cm
diameter steel corer [5]. In the lab the samples were weighted and dried overnight at 105°C,
weighted again and analysed in 480 ml sealed plastic containers.

Calibration of the detector was performed by positioning it on a tripod, facing
downward, at a standard height of 1 metre. The calibration procedure included the
determination of the detector angular response and efficiency. In situ measurements of soil
radioactivity were performed in a 300 m x 300 m, flat and homogeneous open phosphate ore
mines. Soil samples were collected in the field at a depth of 5 cm within a radius of 1, 3, 5,
10, 15 and 20 metres from the detector. In the lab the samples were weighted and dried
overnight at 105°C, weighted again and analysed in 480 ml sealed plastic containers.

These samples were analysed in the lab in order to determine the 238U activity
concentration in the open phosphate mine where the in situ calibration was performed. The
depth profile was investigated with samples taken from depths of 5, 7.5, 10 and 15 cm at the
radius distances indicated above. The uranium concentration in the soil was determined using
the most intense gamma ray spectra of the 238U progeny, which include the 295, 352, 609 and
1765 keV spectral lines.

4. RESULTS AND DISCUSSION

4.1. Environmental radiation monitoring for early detection

One day at 08:00 in June 1996 an alarm signal indicating activity in excess of the high
dose rate threshold was received in the control centre from the waterside station at Ashdod
port. The sampling frequency was shortened to 5 minutes in order to confirm that the alarm
was indeed a response to a radioactive event and not the result of electronic noise. The
management of the port of Ashdod was immediately notified about the alarm and a survey
team was dispatched to the location of the detector. The team could not find the source of the
radiation.

At the time that the alarm was received, no nuclear vessel had been docking in the
port. As shown in Fig. 1, the ambient gamma radiation increased to more than 20 times the
background level. The event ceased at 15:00, at which time the ambient radiation levels
returned back to normal. Specialists were able to interpret the nature of the radiation levels
during the event and attributed them to work with radioactive materials during a day shift.
The investigation concluded that an industrial radiography company had carried out
radiography work without notifying the Radiation Safety Division nor the Ashdod port
authorities. The gamma radiography work had been performed with an 75Se source with an
activity of around 74 GBq with the most intense energies at 265,136,280,121 and 401 keV.

2 Canberra Industries, Inc. Nuclear Products Group, Meriden, CT 06450.
3 NOMAD Plus® with MCA, EG&G Ortec, Oak Ridge, TN.
4 Versa V-50®, NEC, Massachusetts.
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FIG. 2. Detector response to the Maspenot radiography work.

A similar event involving radioactivity took place in December 1996 close to the
Maspenot port radiation monitoring station. The cause of this event was also unregistered
gamma radiography work performed more than 600 metres away from the detector using an
192Ir source with an activity of around 1.2 TBq and with the most intense energies at 316,468,
308, 295 and 604 keV. In this instance, the survey team found the radiography worker on the
spot while he was performing the radiography. Fig. 2 shows the evolution of the dose rate
measured by the detector.

The licenses of the companies involved in performing unregistered radiography work
were revoked for a period of two months. Since July 1996, all companies planning to carry
out radiography measurements are obliged to notify the Radiation Division Management in
advance of the schedule and kind of work to be performed.
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4.2. In situ measurements

This measurement technique has been tested to calibrate the HPGe detector in the
field and for the determination of activity concentration in the soil of 137Cs fallout deposition
due to the Chernobyl accident.

The soil activity concentration of I37Cs due to the Chernobyl accident was determined
by laboratory measurements of over 260 soil samples gathered throughout the country [5].
The t37Cs/134Cs ratio extrapolated back to April 1986 yielded a ratio of approximately 0.5,
which confirmed that the contamination was due to the Chernobyl accident. The 137Cs
concentrations in the surface soils were found to vary from 0.3 to 115 Bq/kg. Most of the
samples fall within a much smaller range of approximately 3 to 20 Bq/kg. The large
variability in the I37Cs concentration is a pattern that has generally been observed in the
distribution of Chernobyl-derived contamination [6].

The calibration procedure comprised the in situ determination of 238U in the open
phosphate ore mines [7], Good agreement (a difference of 10%) with laboratory
measurements was achieved. This difference is being further investigated by the authors and
can be related to the non-equilibrium of Rn and Rn daughters.

The routine measurement of the ambient dose rate, soil activity density and activity
concentration in foodstuffs with the above techniques allowed us to determine a known base
level of radiation in the environment.

All the above techniques can also be used for the measurements of the operational
quantities related to O.I.L. recalculation. The quantities necessary for O.LL. recalculations

include: the absorbed dose rate D(tj) for O.I.L.l and O.I.L.2 (the dose rate can be measured
with the mobile station of the NERMS); the soil and surface contamination density C&r

measured for O.I.L.4 through O.I.L.7 recalculation (these quantities can be measured also
with in situ gamma ray spectrometry); the activity concentration in food Q(t) measured for
the recalculation of O.I.L.6 through O.I.L.9 (which can be measured by gamma ray
spectrometry in the laboratory).

5. CONCLUSION

The suitability of different techniques for the measurement of operational parameters
was evaluated.

The National Environmental Radiation Monitoring System has proved its efficiency
in the early detection of unregistered radiography work. Detection took place immediately
after the work commenced: this allowed the authorities to take the adequate preventive
actions to avoid radioactive exposure of the general public and the environment. The mobile
station of the network can be used during emergencies for dose rate measurement in
contaminated areas.

The calibrated in situ gamma ray spectrometry system in the open phosphate ore mine
showed the efficiency of this technique for fast and accurate determination of soil activity
concentration. The calibration for a uniform depth distribution can be easily mathematically
converted to an exponential depth distribution in cases of radioactive material fallout.

These measurements techniques provide the operational quantities for the
determination of the base line and for O.I.L. recalculation in case of nuclear and radiological
emergencies.

The data obtained through the above measurements enable a more precise and specific
optimization analysis which focuses on the data efficiency of the protective measures. This
should result in a specific intervention level for each protective measure, to be used as a
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criterion in the medium and long term. Choosing lower or higher levels of intervention would
mean allocating more or less effort and resources to radiation protection.
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Abstract

THE BEHAVIOUR OF CAESIUM-137 IN OXISOLS AND IN THE GOIANIA SOIL.
The 137Cs soil-to-plant transfer factors obtained in oxisols accidentally contaminated in Goiania

and in artificially contaminated soils are found to be higher than those of soils in temperate climates.
These differences are discussed in the light of pedology and geochemical partitioning. Tropical soil
characteristics such as acidity, the low availability of nutritive elements and low content of 2:1 clay
types seem to determine a high availability of 137Cs. The results of sequential extraction showed 137Cs
weakly bound to soil components and underlines the importance of Fe oxides in the control of the
availability of 137Cs in tropical climates.

1. INTRODUCTION

The transfer of radionuclides from soil to plants is one of the paths through which harmful
radioactivity can reach humans. The chemical form and physico-chemical characteristics of the
radionuclides in the rooting zone (e.g. half-life, oxidation state, chemical similarity to essential
nutrients) will determine the degree of root uptake for each radionuclide [1]. Plant species have
all been shown to influence transfer, since the metabolic needs of the plants for elements is
typical for each plant species and accumulation rates tend to vary. Beyond the radionuclide
characteristics and the metabolism proper to each species, plant absorption is a factor of soil
properties, texture, mineralogical composition, organic matter contents, pH and nutrient status
[1, 2, 3, 4]. The parameter which describes the soil-plant interaction is the transfer factor (Tf)
[5], defined as follows:

Tf= ^E
As

where

Ap is the activity in the edible part of the plant (Bq/kg dry weight)
As is the activity in the soil (Bq/kg dry weight).

The present study discusses the differences in the 137Cs soil/plant transfer for two types
of soils under tropical climatic conditions in the light of pedology and geochemical partitioning.

2. MATERIAL AND METHODS

The transfer factor for 137Cs was determined for soybeans (Glycine max.), black beans
(Phaseolus vulgar is), carrots (Daucus carota), radishes (Raphanus sativus, L.) and cassava
(Manihot utilissima) following the IUR protocols to determine transfer factors [5]. The plants
were cultivated in masonry lysimeters in accordance with the agricultural recommendations.
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The lysimeters, of an area of 1 m2 and a depth of 1 m, were installed in a plot of
10.4 x 2.7 m, built in a restricted area of the Institute for Radiation Protection and Dosimetry of
the Brazilian Nuclear Energy Commission (IRD/CNEN). The lysimeters were filled with 15 cm
of coarse material (sand and gravel), 30 cm of uncontaminated soil and 40 cm of contaminated
soil. Two types of soils were used in the experiments. An oxisol was artificially contaminated
by adding 40 ml of a solution containing ~ 60 uCi of I37Cs in a litre of water for every layer of 2
cm. The other soil was collected in the metropolitan area of Goiania on a site where a
radiological accident occurred in 1987.

After drying, direct measurements of the activity of !37Cs in plants and soil were
conducted by gamma spectrometry with the aid of an Nal detector.

Sequential extractions were performed as described in reference [6] drawing five
geochemical phases in the following order: exchangeable, carbonatic, reducible, oxidizable and
residual. All of the extracts were analysed by gamma spectrometry using a Ge detector for the
determination of the 137Cs content and atomic emission spectrophotometry for K contents.

Soil analyses were performed by the Brazilian Enterprise for Agricultural Research
(EMBRAPA) in order to characterize the soil and to determine soil needs for fertilizer and
corrections.

3. RESULTS AND DISCUSSION

3.1. Pedological characteristics

The results of the pedological analyses are presented in Table I. The oxisol is an acid
soil with mean texture (sandy clay silt), low cation exchange capacity (CEC), low content in
clay minerals and nutrient elements. The measured contents of organic matter and CEC are
typical for tropical soils. The mineralogical analyses indicate the presence of gibbsite and
kaolinite as the main constituent of the clay mineral fraction. The result profile is common for
most Brazilian oxisols and suggests the need for correction for a number of cultures. The soil
was fertilized with urea, potassium chloride and calcium phosphate. The value of ApH is normal
for soils rich in Fe and Al oxides.

Although Goiania soil also showed a mean texture (sandy clay silt), it is a basic soil,
better supplied in nutrient elements and therefore, no fertilization was applied to it in the
lysimeters. The mineralogical analyses of the clay fraction indicate the presence of gibbsite,
kaolinite and interstratified clay illite-smectite. The value of ApH is normal for soils rich in Fe
and Al oxides.

3.2.137Cs transfer factor

Fig. 1 presents a log of mean values for the I37Cs transfer factor obtained in tropical soils
for several crops compared against some recommended values [5]. The mean values of the soil-
to-plant transfer factor for 137Cs obtained for several crops in tropical soils are higher than the
recommended values for temperate environments. For the same crop, the transfer factor values
obtained in Goiania soil are slightly lower than those obtained in oxisols. In the same way the
data reported in the literature obtained in Goiania soil for radishes and carrots cultivated in a
greenhouse two years following the Goiania accident [7] agree with our data for Goiania soil
obtained eight years after the accident.

The dystrophic characteristics of tropical soils seem to increase 137Cs root uptake.
Transfer factor values for 137Cs obtained for Goiania soil were slightly lower than those obtained
for oxisols. The main pedological difference between the oxisols and Goiania soil resides in the
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TABLE I. PEDOLOGICAL ANALYSES OF ARTIFICIALLY
AND ACCIDENTALLY CONTAMINATED SOILS

Parameters

pH (H2O)
pH (KC1)
Sand %
Clay %
Silt %
CEC
C%
N %
P(ppm)
K(meq/100g)
SiO2%
A12O3 %
Fe2O3 %
CaCO3 %
Ca(meq/100g)
Na(meq/100g)
Mg (meq/lOOg)
AT+Cmeq/lOOg)
H+(meq/100g)

Oxisol

4.8
4.3
70
24
6

5.0
1.15
0.07

1
0.09
3.7
10.9
3.9
nd
nd

0.10
0.50
0.50
3.8

Goiania soil

7.8
7.7
64
20
16

10.7
1.32
0.09
50

0.17
7.7
13.9
5.3

0.92
9.9
0.17
0.54
0.0
0.1

Radish Carrot Soybeans Beans Cassava

• Oxisol

E! Goiania soil 1989 [7]

iGoianJasoil 1995

I Temperate soils [5]

FIG. 1. Soil-to-plant transfer factor for Cs-137 obtained in tropical areas compared with
recommended values for temperate environments.

348



status of nutrients and the pH. These results suggest that basic soils, which are better supplied in
nutrient elements, reduce I3?Cs transfer factors. In fact, the most accepted hypothesis for the
uptake mechanism is predicated on the role of a carrier. Due to the similarity between 137Cs and
potassium, this radionuclide is well taken up by plants, since the carrier does not discriminate
between the two. Therefore, soils containing lower concentrations of exchangeable potassium
should favour caesium root uptake, due to competition for carriers. The soil pH can also affect
in different ways the availability of the elements present in soils [4]. The availability of some
nutrients increases when pH values are higher than 6.5, but under high pH conditions, insoluble
precipitates of phosphates, carbonates or sulphates can be formed, decreasing considerably the
availability of other elements to plants, while simultaneously increasing the relative
concentration of radioactive caesium [8].

As illustrated in Fig. 1, the I37Cs transfer factor tends to vary significantly between
species. But it can be seen that if a soil tends to present a higher transfer, all crops will show this
trend. This tendency is not manifest in the International Union of Radioecologists (IUR) data
because they were based on the statistical treatment of values obtained from different types of
temperate soils. The root uptake for I37Cs decreases in the following order: radishes > carrots >
soybeans > beans > cassava.

As shown in Table II, other results reported in the literature for tropical soils also show
higher values for the transfer factor when compared against the mean values cited by the IUR
for the same culture and radionuclide in soils of temperate climates.

3.3. Geochemical partitioning of 137Cs

Only a small fraction of the total pool of elements present in the soil, whether introduced
by man or of natural origin, is considered readily bioavailable: those elements which are present
in the soil solution and which are adsorbed to clays and to organic matter [14, 15]. Hence,
exchange processes play an important role in the availability of a radionuclide [16, 17, 18].
Stable Cs can be fixed to the crystalline lattice of some minerals present in soils, mainly 2:1
clay types, or adsorbed weakly through the negative charges present in humic substances and
clays [19, 20]. Nonetheless, if the specific sites for sorption become saturated by stable Cs,
NH4

+ or K, then, the bioavailability of I37Cs can increase. Soils showing a low content of
exchangeable K and high concentrations of kaolinite (clay 1:1), such as those found in tropical
areas, are expected to present a high Cs transfer to plants.

The results of the geochemical partitioning of 137Cs in tropical soils are provided in Fig. 2.
The geochemical distribution of a radionuclide offers clues for the determination of its

potential bioavailability. Elements present in the residual phase are generally designated as
those trapped in the structure of primary and secondary minerals which constitute the
background levels for the region, since destruction and the environment of elements bound to
the lattice of minerals is not observable on a human time-scale [6]. Elements resulting from
human activities are generally distributed among the other physico-chemical phases, in
accordance with their chemical form and behaviour. A low soil-to-plant transfer has been
reported for 137Cs in temperate climates due to the strong association of this radionuclide with
soil carriers. Caesium-137 that was found in the residual phase suggests that this radionuclide
can be progressively fixed in clay structures (of a 2:1 clay type) a few years only after
contamination [21,22].

Sequential extraction results show that all of the 137Cs added to tropical soils remains
potentially available for root uptake, since no I37Cs was found in the residual phase despite the
long period of contamination for both soils — three years for the oxisol and eight for the
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TABLE II. TRANSFER FACTOR VALUES FOR Cs-137 AND Ra-226 IN
TROPICAL SOILS COMPARED WITH MEAN VALUES FROM IUR DATA
FOR A TEMPERATE CLIMATE

Radionuclide/crop Tf IUR dataa Reference

mCs
beans
(grain)

137Cs
beans
(grain)

226Ra
beans
(grain)

I37Cs
peanuts
(grain)

]37Cs
carrots
(root)

226Ra
carrots
(root)

2.6E-1
(6.0E-2-4.1E-1)

(n=16)

2.4E-1

(n=15)

6.6E-2
(1.2E-2-9E-2)

(n = 4)

1.0E0

1.0E0
(8.5E-2-1.5E0)

(n = 5)

9.2E-2
(3.0E-2-1.5E-1)

(n = 4)

2.9E-2 [9]
(1E-3-1.6E-1)

(n = 90)

2.9E-2 [10]
(1E-3-1.6E-1)

(n = 90)

6.0E-3 [11]
(6.3E-3-1.4E-2)

(n = 6)

3.0E-2b [3]

(n = 84)

1.5E-1 [12]
(2.6E-2-2.6E-1)

(n = 4)

4.1E-3 [11]
(2.5E-3-5.7E-3)

aJ[5]
b) [13]

100%-,

80%-j

40%-

20%- •
Cs-137

Goiania

64

•
1 19

l_n ,

in
soil

• Residual
B Reducible
• Oxidfzabie
• Carbonate
H Exchangeable

Cs-137 in
oxisol

FIG. 2. Geochemical partitioning of Cs-137 in oxisols and Goidnia soil.
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Goiania soil. In these soils, the predominant clays are of the 1:1 type, represented by kaolinites
which, as opposed to 2:1 clays, present low cation fixation capacity due to their molecular
structure and low cation exchange capacity. In fact, the results presented in Fig. 1 show transfer
factor values for 137Cs which are higher than those reported in the literature for temperate
environments [5].

Since caesium is present in the soil mostly in ionic form, it was to be expected that a
large percentage of this element would be present in the exchangeable phase. However, only
very little 137Cs was detected in the exchangeable phase in oxisol (<10%). In the Goiania soil,
with a long period following contamination, no exchangeable 137Cs could be detected.

Acid conditions, as simulated by the sequential procedure in the carbonatic phase (pH =
5), showed that 137Cs is displaced to solution or that some precipitates of oxisol are dissolved.
This behaviour was not observed in the Goiania soil. It is important to note that oxisols are acid
and that to determine the exchangeable phase, the pH rises from 4.8 to 7. A higher pH value
brings about the possibility that the soil retains some exchangeable 137Cs which is then released
in the next stage, the carbonatic phase. Therefore, carbonatic phase results must be carefully
interpreted, since sorption mechanisms due to the increase in pH can affect exchangeable phase
results in acid soils.

The 137Cs also showed a low affinity to organic compounds (oxidizable phase) in both
soils. In living tissues, the K is mostly found dissolved within in the cell in ionic form and no
organic compound has been identified in which K constitutes an essential element. This implies
the rapid release of this element at the early stages of plant decomposition [23,24]. Since 137Cs
presents a chemical behaviour similar to that of K in the plant, a low affinity of this radionuclide
to organic compounds is expected.

In both soils, 137Cs showed higher affinity for Fe oxides (reducible phase - Fig. 2). The
main geochemical phase controlling the availability of 137Cs in tropical soils seems to be the Fe
oxides, rather than the clay minerals as in soils from temperate climates. Since Fe and Al oxides
can act as a cement between clay minerals and organic matter to form soil aggregates [25],
reduced conditions, as stimulated by the reagents in this phase, can reduce Fe(III) and alter the
stability of these aggregates, releasing the elements sorbed on these clays and organic matter.
This process might be responsible for the decrease of 137Cs in the exchangeable fraction since
137Cs tends to be maintained in these aggregates in tropical soils, reducing root uptake in oxisols
with time. In the Goiania soil eight years after the accident, 60 per cent of the 137Cs was
associated with the Fe oxide structures, while no 137Cs was found in the exchangeable phase. For
oxisols, the values were 40 per cent in the reducible phase and some 10 per cent in the
exchangeable phase. Lima [11] had already highlighted the importance of this fraction for 226Ra
distribution in oxisols. Therefore, a higher radioactive Cs transfer to plants is to be expected in
this type of soil.

4. CONCLUSION

In conclusion, the sequential extraction results obtained in a typical tropical soil show
that all added 137Cs is potentially bioavailable. Certain tropical soil characteristics such as
acidity, the low availability of nutrient elements and the low content of clay of the 2:1 type
seem to determine a transfer factor of 137Cs from soil to plants higher for this kind of soil than
that obtained in temperate climates. In addition, pedological differences due to different climatic
conditions underscore the need to improve the generation of regional transfer factor values for
accurate dose assessment.
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