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1. Introduction

The education and training of professional and technical staff and the provision of information for the
public are vital components of the emergency plan. I met many members of IRPA during my term as
IRPA President 1988-92 and found that they'shared [1,2] a common concern about the need to im-
prove public information in all aspects of radiological protection but especially in the response to a
nuclear emergency. Everyone agreed that the public should be better informed about ionising and non-
ionising radiation. But who should tell them and what should be the message? There was also a belief
that we could communicate more efficiently and possibly cause less anxiety if people were better edu-
cated about radiation and radiation protection. In this paper I will discuss the characteristics of the
messenger, the nature of the message and examine some obstacles in the path of communication.

The situation

We live in a radioactive world and all people are immersed in ionizing and non-ionizing radiations.
The vast majority rely on medical applications of radiation for some health care and for other scientific
and engineering applications including the production of electricity from nuclear power with less re-
lease of greenhouse gases. Radiation is required to maintain our standard of living.

Unfortunately radiation protection has a poor image; international figures like Dr. Uematsu in the
foreword to the Nuclear Energy Agency/OECD Report [3] described it as a subject which is impene-
trable to the layman and as wide as it is complex. Perhaps there is a deep rooted phobia which may ex-
plain why many people appear to believe that radiation hazards exceed all others? Whatever the reason
their attitude influences government agencies to apply resources unnecessarily to some aspects of ra-
diation protection at the expense of other areas.

2. The messenger

2.1 Characteristics of the messenger

There is considerable agreement about the desired characteristics of the messenger in risk communica-
tion. The UK Chief Medical Officer of Health, Dr. Caiman initiated a campaign for better communica-
tion and quoted [4] the desired attributes of risk communication including the importance of credible
sources of advice, openness, sharing uncertainty and the need to accept the public as partners. He
stressed the need for careful planning, listening to concerns, coordinating with credible sources and the
importance of meeting the needs of the media.

2.2 Obstacles to risk communication

There are many obstacles to radiation protection communication which include the complex methodol-
ogy which leads in turn to a complex language. Our jargon must be translated for the benefit of the
media and the public. However, it is very difficult to express the relatively the high level of uncer-
tainty in risk assessments in the face of intense distrust from the media.

2.2.1 Concepts

The ICRP Commission states that ionizing radiation needs to be treated with care rather than fear and
that radiation risks should be kept in perspective with other risks. The exhortation to keep doses "as
low as reasonably achievable, economic and social factors being taken into account" known as
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ALARA tends to give the impression that radiation risks are exceptional. In practice ALARA has re-
sulted in substantial reductions in dose from man made radiations.

2.2.2 Language

The language we use is weakened because the concepts of dose, dose limits and ALARA are
themselves disputed and so they do not dispel the fear of radiation. Prof. Moeller listed 34 units for
dose [5] which reveals the complexity of old and new quantities and units. Most of these units are
specific quantities and do not express the total quantity delivered.

2.2.3 Distortion

The greater part of the information which we provide will reach the public through the media, so that
allowance will have to be made for the possibility of distortion of even the most simple facts.

Our subject was distorted by a total change in the names and magnitudes of the units to permit the in-
troduction of the SI system. The change was proposed for international consistency which I welcomed.
With hind sight we now know that it has taken too many years to become effective. The selection of SI
prefixes was made to assist some engineers who calculate to three significant figures by slide rule, but
very few do. Unfortunately few people are able to use the SI system for mental arithmetic and must
rely on a pocket calculator with a high rate of entry errors!

Two other factors conspire to distort our message. Messages to the public sent out in an emergency
may be affected by "social amplification" :- distortion and feedback possibly caused by the growth of
rumours [6], The distortion may occur at a higher level in the community. For example, the influence
of socio-economic and political factors in the decision making process which occurred in the Soviet
Union after the Chernobyl accident [7]. Radiation protection logic was discarded and action taken to
avoid life time doses at a level similar to natural background.

2.4 Action to improve the messenger

2.4.1 Professional credibility

It is essential to improve the status and credibility of the profession. This may be achieved through the
education of radiation protection professionals and in my opinion is the key to improvement in com-
munication. The UK Society for Radiological Protection held a meeting to review communication with
the media [8] and were urged by a science correspondent to help members improve communication
skills.

2.4.2 Professional support

We must recruit support from professional groups, teachers, physicians, engineers and technologists
and see that they are well informed about radiation. We should participate in awareness training for
other professional groups. A example of such an exercise has been produced by the Hazards Forum
with the publication of a syllabus [9] for an undergraduate awareness course emphasising the engi-
neer's responsibility for health and safety of the public. The course extends over 6 lectures and is
backed by a series of case studies. The book of lecture notes has now been published [10].

3. The message

3.1 Characteristics

There is considerable disagreement within the profession about the content of the message. Most peo-
ple would be surprised if we were unanimous; conflicting theories are not our main problem although
we must be prepared to explain them in our message. It is of the utmost importance to be sure that our
message is "tuned in to the wavelength of the audience".
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3.2 Obstacles

3.2.1 Scares

A major obstacle is the dominant effect of "scares" on public opinion. It is incongruous that 30% of
UK adult population still smoke when the adverse effects of smoking is widely accepted. This lack of
attention to a proven hazard is reflected in the lack of preparedness which is found each year in areas
subject to recurring floods!

3.2.2 Language and concepts of dose, dose limits and ALARA

The report of Sir Richard Doll for US Office of Technology Assessment (Doll and Peto) was updated
in 1995 [11]. The report refers to the International Agency for Research on Cancer who list 118 agents
which are probably carcinogens; 60% of these are products of the chemical and pharmaceutical indus-
try. It is very difficult to make quantitative allocations of risk because many agents are synergistically
linked and thus two or more are responsible for one case. The new report covers electromagnetic ra-
diation and this is allocated between 5 and 10% of all cancer deaths.

This 1995 estimate uses ICRP risks factors and so ionizing radiation is allocated 4.5% with 85% of
this due to natural radiation. In the UK the share of cancer deaths estimated for the whole population
due to the dose received by nuclear power workers is 3 deaths a year, plus one death per year due to
environmental radiation from nuclear power. These individual deaths cannot be identified.

3.2.3 Emergency response

This task was codified for the European Union by a Council Directive on public information in the
event of a radiological emergency was adopted 1989. It defined action which must be taken when an
emergency occurs but it also emphasised that the public should understand the issues involved and be
prepared in advance of the emergency. After the Three Mile Island Reactor accident the NRC evolved
and promulgated a plan of action [12] which represents a comprehensive attack on the consequences of
an accident to a PWR, it still represents a model for future plans and I can testify about the robust from
experience of many table top exercises based on that plan [13].

An emergency is an occasion where professional skills and engineering judgement must be exercised;
unimaginative training schemes which encourage a rule driven response are likely to fail. A profes-
sional approach is essential for the conduct of Emergency Procedures and for the Off-site Emergency
response. There may be a gap between the on-site and off-site resources which can only be filled by the
application of engineering judgement and professional skills [14].

The message must be credible and conducted through communication channels which are already open
with continuity maintained by an identifiable spokesman. Training should encourage familiarity with
the plant or with similar situations. Familiarity will itself reduce stress [15] if an accident does occur.
Information need not be complete or perfect but participants must be aware of the reasons for lack of
information. Communication must continue after the emergency so that long term consequences can be
explained and rumours avoided.

3.2.3 The training of response personnel

Training in communication about emergencies is necessary for all participants in emergency response
and this has been an important component of the well established courses at the School of Public
Health, Harvard University [13]. The need for a table top exercise to support this training was recog-
nised and I was invited to develop a generic exercise to simulate the first three hours of an incident on
a typical PWR site. This exercise follows the early response of the station staff and their subsequent
communication with contacts in the utility, in government, in the local authority and in the media. The
initiating event is played in a linear fashion but off-site play is open and conducted in real time. The
RASCAL programmes are used by the directing staff to predict the reports of the monitoring teams and
the same programmes are available to the players. The scenario is based on actual events which are
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modified and scaled to raise the significance of the scenario. The six groups of players are separately
briefed. In a typical run of the exercise the message rate rises to about 30 to 40 messages per hour. The
pressure is high and for some participants it represents the first time that they have been required to
carry out their task in front of other people. The most common problem has been the communication of
the scale of the event to the local authority public and media groups. Unfamiliarity with the situation is
a factor in raising stress [15] and so it is suggested that frequent use of table top exercises based on the
specific site should make an important contribution to response in a real accident.

Radiation emergencies are fortunately rare and so there is little practical experience of these events. A
series of short courses, funded by the European Commission, have been conducted by SCK/CEN Mol,
Belgium mainly for colleagues in Eastern Europe. The aim is to transfer Western Europe developments
in a one week course addressed to the radiation protection community and to those called to take re-
sponsibility for assessment or decision making in the case of an off site emergency. Courses have been
held in Belgium for CIS, Ukraine and Baltic States), in Czechoslovakia, in Lithuania (for other Baltic
states), in Greece (for Bulgaria and Romania) and in Slovenia. The course papers have been edited as a
limited publication text book entitled "Off-site Response to Nuclear Accidents" CEC Radiation Pro-
tection No 60.

The technicians involved in emergency response must have training in radiation protection skills and
must be competent in the use of technical language when communicating with specialist advisors.
They must take precautions to protect themselves against all hazards at the site of an emergency. In a
manual entitled Radiation Protection for Emergency Workers- the principles on ionizing radiation
control for emergency team members is to be published by the CEC as Radiation Protection No 79
Guidelines are provided as an aid to the application of the ALARA principle in emergency response
and are offered to encourage an intelligent and confident response. The advice is summarised in the
seven steps listed below:
1. See the Source - make every effort to identify the type of radiation hazard. Search for the trefoil

symbol, recognise the shape of standard sources and their containers, get expert advice, notify
proper authorities.

2. Seek containment - do not move a damaged source, avoid breaking protective enclosures, close
doors and windows. Cover all exposed skin. Do not eat, drink, smoke, rub eyes or apply skin prepa-
rations such as sun tan lotion and cosmetics.

3. Stop Spread - monitor and cover or decontaminate surfaces, do not spread activity by your own
movements and set up a barrier or control line at a safe distance out of range of the source.

4. Shorten Exposure - keep exposure time as short as possible, reduce the time of working close to the
source, move away into a clean or low dose rate area to think, to discuss. Rehearse all actions.

5. Step away - keep as far away as possible, never touch the source, use appliances such as long han-
dled tongs, view the scene through a telescope, use a mirror to see round a corner. Position vehicles
and command post up-wind, out of smoke and away from liquids.

6. Shadow Shield -install a radiation shield which is as thick and as heavy as possible, place it as close
to the source as possible, work behind a shield, make use any available structure as a shield.

7. Self check - check your dosimeter frequently, check your own clothing for radioactive contamina-
tion at the barrier, look out for non-radiation hazards. Communicate with the controller.

3.3 Evidence about the message

Considerable thought should be given to the ways in which the public should be informed about the
actual and predicted emergency problems from the pollutant itself and the protective measures.

3.3.1 Risk language

The Chief Medical Officer of Health addressed the question of Science and Society and the communi-
cation of risk in his Annual Report on the State of the Public Health 1995 [4]. He proposed a "Risk
Language" applicable to all human hazards which relies on assessment of risk factor which is often
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disputed. Descriptions of risk were introduced in relation to the risk of an individual dying in any one
year or developing an adverse response. He designated the risk range of 1:100 as "High" and gave as an
example the risk of transmission of HIV from mother to child. He designated 1:10,000,000 as
"Negligible" and gave as an example the level of risk to residents near a nuclear power station!

3.3.2 Scales and indices

Sir Richard Doll has estimated the risks of cancer attributable to industry [11]. It is difficult to use of
this comparative information for communication with the public. The message must be made more di-
gestible and so we have to rely on scales and indices to convey the information about radiation risks.

INES

The INES scale for use in nuclear emergencies extends down to incidents which may occur at high
frequency without harming the public. Frequent reports of low scale or even below scale incidents
could damage the credibility of the nuclear site!

The International Nuclear Event Scale for Prompt Communication of Safety Significance [17] is
widely used for communications to the public about accidents or incidents at nuclear power plants.
This is an event scale classifies only the nuclear or radiological safety significance of the event on a
scale of seven levels. The lower levels, 1 to 3, are termed incidents and the upper levels, 4 to 7, are
termed accidents. At each level the scale is characterised by the off-site impact, the on-site impact and
the degradation of defence in depth in the plant. The scale is logarithmic so that the radiological conse-
quences increase by a factor of 10 on each upward step. It is interesting to compare the radiological
factors with the source terms published by the Lawrence Livermore Laboratory [18] showing the
dominance of releases due to weapon tests.

NCRP

The USA National Council on Radiation Protection and Measurements (NCRP) [19] are aware that
most people do not understand a logarithmic presentation and point out that a logarithmic scale is open
ended (no zero) and length along the scale is not proportional to the effect. The same criticism applies
to the Richter Scale which is a logarithmic scale for communicating the magnitude of earthquakes.
NCRP suggest the use of Index Values of radiation dose which they identify by giving Bench Mark
values expressing the effective dose in appropriate units rounded to a simple integer value. Index Value
1 is assigned to the radiation dose to the public at the Three Mile Island reactor accident which was
less than 0.01 mSv (1 millirem). The graphic display of this scale presents practical problems since it
must cover at least 5 decades and so a "magnification" approach is used to show the detail at different
levels.

3.4 Action in schools

The Commission of the European Communities has undertaken a range of activities in support of
public information including the publication of a video on ionizing radiation [20] and a brochure
entitled "Radiation and You" [21]. The Commission also organised several seminars on Public
Information and at a Seminar held in 1988 it was suggested that teaching material on radiation
protection should be developed for use in Schools of Member States [22]. The European Union which
has sponsored the book on "Radiation and Radiation Protection - a Course for Primary and Secondary
Schools" (23) and the Directorate General XI (DG XI) carried out the task.

A first draft of the Teacher's Manual was developed and from this point the competent authorities of
the member states contributed their invaluable support. Radioactivity, ionizing radiation and non-
ionizing radiation are fairly complex and abstract subjects in particular for younger and less advanced
pupils and so the option of a "spiral curriculum" was chosen. This means that items recur in a
gradually more complex form. The material was set out in five levels covering ages 6 - 16. In the first
three levels emphasis is placed on relating the pupils personal and every day experiences and they are
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made aware of the risks and benefits of ionizing radiation. In the final two levels a more detailed
examination is made of the subject from both a technical and social point of view.

The original text was tested in five members states by the University of Utrecht. The reactions of the
participating schools were generally favourable, a number of suggestions were made and the course
thoroughly modified and edited into a convenient loose leaf format.

International circle for radiation education in schools teaching radiation and radiation protec-
tion

I reviewed the education and training aspects of the European Union response to nuclear emergencies
in a paper presented to the IRPA Congress in Vienna [24]. There was considerable interest in the CEC
Course on Radiation and Radiation Protection [23] and interested participants commented that material
of this type should be made available outside the European Union.

I believe that individual members of the radiation protection profession, especially those writing
educational material, should develop a partnership with schools. I therefore propose to create an
International Circle for Radiation Education in Schools to encourage correspondence about the
teaching of radiation and radiation protection. Please let me have your views about this proposal and
suggest others who might wish to join this correspondence circle.

4. Conclusions

We should encourage education about the understanding of risk and hazards. We must support educa-
tion about our own subject and we should contribute to the development of the national curriculum.
Above all we should try to help individual school teachers. We should try to provide a radiological
protection input to courses on hazards and safety culture for undergraduates.

We should be try to improve the status of the profession and to ensure awareness of the profession in
the Universities. The criteria for corporate membership of professional societies should specify a pro-
fessional education. We should see ourselves as partners with the media but we must learn interview
technique.
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