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Abstract

In the present paper we discuss deficiencies, differences and similarities in knowledge among
people with diverse professional and educational background attending our radiation
protection courses. Suggestions for overcoming the problems resulting from this diversity are
given. The crucial topics for understanding the system of radiation protection are given and
relevant approach suggested, with emphasis to stochastic effects.
Implementation of radiation protection training for particular job and task was problematic
due to shortage of written procedures. It is our practice to choose relevant lecturers for each
particular course to reduce this problem. This approach is described and discussed.

1. Introduction

During last two years more than six hundred and fifty people participated thirty one radiation
protection courses organized by the Milan Copic Nuclear Training Centre, "Jozef Stefan"
Institute, Ljubljana. These courses evolved from radiation protection courses organized as
a part of training for Krsko NPP. Approximately half of participants (45%) were specialists
in different fields working professionally with various sources of ionizing radiation. The
other group (39%) formed people who are going to participate as emergency personnel in
case of an eventual accident in Krsko NPP. The rest (16%) were people not working with
sources professionally but are involved in activities where higher concentration of natural
radioactivity may occur.

Professional background and educational level of participants were diverse, from
housekeeping staff to highly qualified researchers. Among the professionals, there were
radiographers, radiochemists, medical doctors, chemists, physicists, nurses and technical staff
people. Police officers, veterinarians and food technologists formed the group anticipated for
emergency personnel. The group concerned with natural radioactivity consisted of industry
workers, engineers and mining engineers. Majority of participants had university level
education (54%) and others had secondary level education (45%). Just few (1%) were with
only elementary school finished.
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The course contents for professional workers, i.e., those subjected to "occupational
exposures," were defined by the Ministry of Health. The Ministry defined topics relevant for
various groups of workers and also the minimal duration of course. We also use these
contents as basis for "refreshment" courses organized for experienced workers. In both cases
we follow this outline and we try to adapt it for each particular group. For the other courses
we had prepared individual contents approved by independent experts. General outline of the
Ministry of Health recommendation has been followed and additional topics added.

To cover all topics of a course and to achieve goals, we administer course and cover it
partially by our teachers. For the uncovered and specific topics, we employ experts from
other departments and organizations. They are highly qualified with appropriate teaching
experience. Six to seven teachers are usually involved in realization of a course for
professionals and one to five in other courses.

Our efforts to implement and improve radiation protection courses led to very positive
response from course participants. This has stimulated us to organize and present
accumulated experience in a way that could lead to improvement of the courses and could
be of some help to those, who are presenting problems related to radiation protection to the
general public. In the present paper, v/e shall try to point out some common
misunderstandings, lack of knowledge, and critical subjects that require special attention.

2. How to Start - Influence of Educational Level and Experience (Professional
Background) on Course

In the last decades topics connected with nuclear physics and nuclear radiation disappeared
from elementary and majority of secondary schools. Even at university level these subjects
are generally treated very deficiently. This does not apply to special and nuclear physics
related university courses, of course. The consequence is that the first real contact with
nuclear and ionizing radiation in general is postponed and it seems that the ionizing radiation
is something very special and specific. Usually people think on radiation sources as
something completely artificial and unnatural. Information available through media are often
connected with debates on risks of nuclear energy thus making it nearly "illegal." And there
is also the term "nuclear weapon" well known to anybody.

As a result, basic knowledge on sources and ionizing radiation itself is deficient, fragmented,
superficial and very biased. This is especially true for people who have no professional
background in natural and technical sciences. In this group there is no substantial difference
regarding the educational level. Therefore it is always necessary to start a course with very
basfc knowledge on the elementary school level they should be familiar with. Then it is
possible to add subjects 'and retain their confidence. A teacher should find analogies and
practical examples as often as possible. It is obligatory to discuss natural sources of radiation
and perform practical demonstration of radioactivity and detection. It is also obligatory to
discuss chain reaction so that they believe that there is a difference between medical source,
nuclear reactor and nuclear weapon.

For people having technical or scientific background such rudimental approach is not crucial,
unless they are educated only on secondary level or lower. Nevertheless they need an review
of basic physical concepts before various sources and radiation itself are treated. Discussion
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on natural-sources is obligatory and discussion on chain reaction not necessary but useful.
It is beneficial to mention and explain the particular source or decay they meet or know
enabling them to position the theoretical concepts in their professional environment.

Medical personal belongs somewhere between previously mentioned groups. They need an
extensive review of basic concepts and thorough discussion on natural sources. Specially
important is the concept of energy, which is frequently misunderstood. Usually there is no
special interest for subjects outside their field and examples should be chosen from medical
practice.

For all these groups the most important subject in the introductory part of a course is
interaction of radiation with matter. This subject is basis for comprehension of other
important subjects like detection and measurement of radiation, biological effects of radiation
and also basic protective measures. Therefore it should be treated carefully and clearly,
without extensive details and special terms which obscure the general picture of the subject.
The comparison of different kinds of radiation is obligatory with some numerical values
presented, but just few to support the discussion. This subject should be concluded with the
explanation of absorbed dose. The definition and physical background should be presented
in the scope of interaction of radiation with matter thus making the bridge between physical
and biological consequences of interaction.

After this introductory part the participants should feel prepared and encouraged to start with
other topics. Therefore it is useful to animate participants for application of presented topics
to their practice or experience.

3. Biological Effects - the Key to Understanding the System of Radiation Protection

The fact that any radiation is harmful is something that is generally accepted and usually out
of any question. But if someone tries to get the explanation why, how and how much, the
problem arises. We all have seen or heard of victims of some kind of radiation. But we are
living in the world of different kinds and various levels of radiations and we are still
surviving. And what is more amazing, life emerged in a such a world. Therefore radiation
is not necessary fatal by itself.

All these facts create confusion and misunderstanding about radiation itself and about effects
of radiation on human beings. Therefore it is of utmost importance to present and explain
the subject of biological effects in proper and convincing way. It must be done in such way
that the system of radiation protection is logical extension of our knowledge and experience
on the subject of effects.

Interaction with radiation takes place on the molecular level. This step is never problematic
to explain as it can be derived from introductory part of the course. As the structure and
physiology of a cell is very complicated, the teacher must take care not to involve too much
details explaining events on the cellular level. Only those participants with very heavy
background in biology like medical doctors will be able to follow beyond basics, therefore
it is better to be limited to a very simple picture of a cell and cell nucleus. The main goal
should be implication of the difference between stochastic and acute effects. This implication
should be made by grouping the effects of interaction to a cell and without involving
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consequences to tissue or organ. At this point, the equivalent dose should be introduced
enabling the discussion on acute and stochastic effects.

Explaining acute and stochastic effects of radiation is the most important and crucial subject
in the course. It is the matter of justification on all system of radiation protection and also
legislation concerned. Therefore this should be done with special attention and in proper
steps.

People usually intuitively connect radiation and acute effects. But intuition doesn't say
anything about threshold dose that must be exceeded for the acute effect to occur. So the
threshold dose is the subject that produces misunderstanding which calls for additional
explanations and justification. Examples should be given and also numerical values for
threshold doses which produce acute effects. But it is obligation to explain when and where
such doses are possible stressing abnormality of such situations. Nevertheless too much time
and effort should not be devoted to this kind of effects exaggerating their importance for
normal life and work with sources of radiation.

More attention should be devoted to stochastic effects which are something much more
complicated to explain. Terms describing probability are neither well known nor understood
publicly so the term "stochasticity" should be explained with various examples from other
domains of life and applied to events in cell. Consequences for organism should be explained
and related to term "dose," emphasizing it's statistical meaning and distinguishing probability
and severity of a consequence. This is the proper time to explain the term "effective dose"
and present it as a measure for risk associated with actual exposure to radiation. Examples
and comparisons of other kinds of risks should be given again. The discussion should be
concluded with examples of natural background doses and contributions from various
artificially produced sources in our environment thus establishing the frame and range to
position actual and eventual exposures in their professional life.

At the end of the subject the review of different uses of term "dose" is invaluable preventing
confusion and enabling a participant to become aware of eventual misconception.

4. The System of Radiation Protection and How it Makes Sense

The basis for understanding the system of radiation protection is comprehension of biological
effects of radiation with acute and stochastic consequences. But it is just foundation which
enables reality, needs and common sense to agree for benefit and progress. Therefore the
discussion must convince a participant that the system is built in such a way that it protects
user and still enables useful use of radiation sources.

Describing the purpose and principles of the system we use words like "acceptable",
"justified", "reasonably achievable" etc which are not often used in "exact" natural sciences
or technology. And also we are speaking about "cost benefit", "social and economic factors"
and finish with dose limit, which is something given by the law. All this sounds like a cover
used to avoid straight answer to a question what is dangerous and what is not. But such
answer is not possible and that must be clear from the beginning of discussion about the
system of radiation protection.
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The philosophy of radiation protection is best explained by making comparison with normal
life, for example safety in traffic where the same principles are applicable. Common factors
are risk, economic and social factors, and also others including some kind of limit. Very
important aspect of this parallel is also personal responsibility of a participant and his
involvement in the protection activities. Unfortunately this comparison has a drawback:
although traffic safety principles are internationally accepted they are partially implemented
through traffic rules and regulation, which are not always considered strictly rational. And
there are also social and psychological motifs misleading people to traffic endangering and
even to apathetic acceptance of huge number of casualties. From the point of view of an
average person, all these facts do not support confidence to the logic behind implementation
of traffic safety.

In radiation protection there is no place for such "personal" approach and interpretation of
rules and limits. Therefore the radiation protection principles and dose limits should be
presented as logical extensions of radiation protection philosophy and experience. It must be
stressed out that dose limits are derived from comparison of various risks and are not result
of someone's prediction or guessing.

5. Modes of Exposure and Basic Protective Measures

Accepting basic premises of radiation protection philosophy and dose limits a participant is
prepared to comprehend basic protective measures used in protection. But before that one
basic question must be answered: how exactly are we exposed to radiation? The general
answer can be simple and declarative producing no special problem for a participant to
understand. The consequence is that general approach to protection and basic protective
measures for some specific mtfde of exposure to radiation are not problematic to explain. But
simplicity is apparent. If we consider particular source, modes of exposure are not always
obvious and unique or simply traceable. The other problem is that the implementation of
basic protective measures for the definite mode of exposure is not simple and easy and
requires expert evaluation. Situation becomes even more complicated in the case of an
accident. Modes and magnitudes of exposure might be changed requiring new evaluation
which could be done only by qualified person. That means loss of time and endangering
people as a consequence.

Therefore it must be clearly stated that the basic protective measures are only guidelines and
their practical implementation requires prepared procedures. This is especially important for
accidental situations requiring special emergency procedures which must also be prepared in
advance.

Unfortunately, very few organizations have properly prepared procedures for normal
operations and/or emergency situations. That is why we try to present more experience and
practical examples than it would be necessary to simply illustrate and clarify modes of
exposure or basic protective measures. This is the reason why a teacher with large practical
experience is required. He can present common mistakes, describe and comment events that
occurred in the past and also suggest some possible accidents in specific situations.
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6. Radiation Monitoring and Survey Instrumentation

Logical extension of discussion on modes of exposure is discussion on radiation monitoring
and survey instrumentation. This subject must be very carefully prepared and presented
considering professional background of participants of the course. Basic knowledge of
interactions from introductory part of the course should be sufficient for this subject and no
new concepts introduced. Lecture should be limited to very few basic instruments with
simple but thorough instructions for use. If possible, similar instruments to those used in
participant's organization should be used. It is important to emphasize what kind of radiation
particular instrument detects and especially what are instrument's limitations, but
technicalities should be limited to a minimum. The same applies for personal dosimetry,
where responsibility for genuine result of a person using it must be stressed.

Dosimetric units are special problem related to surveying and monitoring instrumentation.
Instruments with different units, also old units, are used and it is definitely useful to give
some "thumbnail" rules how to transform units, thus limiting confusion which is common.

7. Job and Profession Specific Tasks and Sources of Radiation

Final goal of a course is to enable a participant to apply acquired knowledge to his specific
tasks and duties. Such goal would be best achieved with special training for specific job, but
generally groups of participants are not homogeneous in that sense. Sometimes they belong
to same or similar profession performing similar or related tasks in different environment
and sometimes they belong to different profession performing related jobs in same
environment. The result of such variety is that we try to reach the goal also discussing
profession specific tasks and not only job related tasks. The approach depends on the
professional structure of the course participants. In both cases the goal is to relate radiation
protection and job performance.

For this specific part of a course we often hire experts from other research, academic or
commercial organization. We try to find persons, whose professional activities are related
with radiation protection and who are experts in a professional field of participants. Usually
two to three lecturers are involved, covering different aspects of the topic. For the field of
sources of radiation it is best suited to involve lecturer which has extensive experience and
ability to review and compare practical aspects of different sources. He should be very well
acquainted with operation and maintenance of sources. Lecturers from academic or research
organization are good choice for this subject.

Implementation and use of radiation sources for specific tasks and. jobs is the ultimate part
of a course. It should be applied and practical with clear and straightforward explanations
of basic procedures with accent to critical operations. Actual and possible accidental
exposures should be presented and emergency procedures discussed. Specific protective
measures and equipment should be described and explained. This part of the course should
be precise and explicit, which means that it should relate to specific job in specific
environment as much as possible.

As we mentioned, very few organizations have proper procedures for normal operations and
emergency situations. Others have short instructions, if any. Therefore it is not possible to
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train people according to valid written procedures. To overcome this problem, we employ
someone who is professionally familiar with these operations and also has knowledge on
radiation protection. This can be person from research or commercial organization. But there
is a small pitfall in such case as the digression from the radiation protection aspect of the
work can occur and other aspects overemphasized. The lecturer should give precise and
practical instructions on genuine examples and genuine situations. He should also present
regulations and legal constraints concerning radiation protection aspect of the work. This is
especially important if some kind of radioactive waste is produced or there is other possibility
of public exposure.

8. Conclusion

In present paper we tried to present our practice and experience in the field of radiation
protection courses in the last two years. Based on experience with more than thirty courses
and more than six hundred participants, we concluded that:

- Deficiencies in education are reason for the insufficient and fragmented knowledge and
very biased opinion on radiation, radiation sources and radiation effects. There is no
significant difference between different professions. These deficiencies should be
minimized with introductory review of basics, which must be clear and extended to natural
and artificial sources of radiation.

- The most crucial subjects for understanding the system of radiation protection are
interaction of radiation with matter and biological effects, especially stochastic effects.
Therefore this subject should be treated thoroughly and accurately.

- The system of radiation protection is best explained through examples well known from
our nonprofessional life, thus overcoming suspicion and distrust.

- Job an also profession specific tasks should be considered in the specific part of the
course. Shortage of prepared procedures and shortage of job and task analysis should be
compensated choosing relevant lecturers for particular group of participants.
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