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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.
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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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