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Résumé

La première partie de cette communication préconise une solution ra-
tionnelle pour la sécurité publique à l'appui de l'évaluation quantitative
impartiale des risques et bienfaits de toute activité technologique. Elle
indique qu'il devrait être possible d'augmenter le degré de sécurité à un
coût inférieur à ce qu'il est actuellement. La deuxième partie explique
pourquoi peu de choses ont été réalisées dans cette voie et indique les
défauts importants que comportent les règlements actuels. La troisième
partie laisse supposer ce qui pourrait être fait d'une façon réaliste pour
réussir à tirer certains des bienfaits possibles. Les facteurs qui sont im-
portants dans l'étude de la sécurité et les preuves qui appuyent les
arguments sont examinés aux six appendices.

On insiste fortement pour que la communauté scientifique et technologi-
que comprenne mieux la sécurité en tant que spécialisation et qu'elle
s'efforce de jouer le rôle de meneur au lieu de celui de suiveur dans notre
système politique actuel.
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RISK, FEAR AND PUBLIC SAFETY

by E Siddall

Abstract

Part 1 of the paper advocates a rational approach to public safety based
on unbiassed quantitative assessment of overall risks and benefits of
any technological activity. It shows that improved safety should be at-
tainable at less cost than is the case at present. Part 2 offers an explana-
tion of why so little has been achieved in this direction and outlines the
major errors in present practices. Part 3 suggests what might realistical-
ly be done towards the achievement of some of the possible benefits.
Factors which are important in the study of safety and evidence suppor-
ting the arguments are discussed in six appendices.

It is urged that the scientific and technological community should im-
prove its understanding of safety as a specialization and should
endeavour to lead rather than follow in our present political system.
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INTRODUCTION

The total impact of one particular human activity on
a whofe human society may be very comptex. ft is
usually accepted that some adverse health effects
must be weighed against the necessity of having
energy as a factor in the "good life", but it is not
often appreciated that this good life includes com-
ponents contributing positively to health and safety
which may greatly exceed the more publicized
negative effects associated with achieving it. What
is even more important, if public safety could be
elevated to a discipline based on scientific method,
these positive effects might be further increased by
large factors. When all aspects are taken into ac-
count they indicate that industrial activities will
usually make a large net positive contribution to
health and safety. Unfortunately, exactly the
reverse view is commonly held. The reason why this
fallacy has become and has remained "conven-
tional wisdom" is that matters perceived by the
public as a threat to their safety cannot be discuss-
ed in the way that matters of science and
technology can usually be discussed. Emotional
pressures, arising often from man's primitive fear
of the unknown, inhibit consideration of important
aspects; expert and informed views are disregarded
unless they conform with established conclusions.
The sinister and well publicized risk, however small,
dominates discussion and decision making. This
may result in decisions and actions likely to retard
the development of public health and safety.

Part 1 of the paper develops a rational approach
to public safety as outlined in previous work and br-
ings out the factors which would permit a reasoned
assessment of the true overall impact of low cost
energy sources on human safety. Definitions are
proposed and reviewed for some words and con-
cepts which tend to be used loosely. The concept
of optimization of the overall safety policy and pro-
gramme in a society, primarily from the viewpoint
of the potential victim, rather than the source of
risk, is developed. It is shown that the need for un-
biassed quantitative assessment of risks as the
basis of safety policy is inescapable. Evidence of
disparities and detrimental actions resulting for
fragmented approach to safety is updated and
reviewed. Estimates are made of the magnitude of
overall safety gains which might be achieved.

Part 2 analyzes the way in which public fear of
particular risks is built up by an institutionalized
system in which reaf risk pfays afmost no part. Prin-
cipal amplifying forces in the present era are the in-
terests of the news media, politicians seeking elec-
tion, and special interest groups. The whole pro-
cess is ephemeral and difficult to understand, but it

can result in wrong ideas becoming widely held.
These wrong ideas in turn lead to emotional,
political and tegal pressures being exerted on those
responsible for safety policy. The result is that
available resources are dissipated in dealing with
very minor risks, whilst at the same time the effort
to reduce many greater risks is left to chance and
charity. The production of wealth is impeded by ex-
cessive and arbitrary restrictions and prohibitions
imposed in the name of safety on particular
technological activities; as shown in Part 1, this can
result in a detriment to health and safety exceeding
any possible reduction of the direct risks.

Part 3 discusses measures which might reduce
or mitigate the effects of the factors of Part 2 and
permit at least some of the promise of Part 1 to be
realized. Specialization, professional responsibility
and self confidence in the scientific and
technological community are advocated as the
basic factors which would lead to better decision
making in political systems of the present types.

PART 1. A RATIONAL APPROACH TO
PUBLIC SAFETY.

1.1 SAFETY
1.1.1 Safety is the degree to which:-
(a) temporary ill health or injury
(b) chronic or permanent ill health or injury, or
(c) death
are controlled, avoided, prevented, made less fre-
quent or less probable in a group of people.
1.1.2 In practice in modern societies, the hurt to
the individual, his family, his friends and the com-
munity as a result of (c) is much greater in extent
and severity than that from (a) & (b). Furthermore, all
three components tend to go together and to be
reduced by the same measures (see App 2). For the
purposes of this paper, therefore, the total hurt
resulting from lack of safety is taken to be
measured by death alone; the lesser elements can
readily receive separate analysis if needed.
1.1.3 The question of whether any of the following
factors involved in a death should be taken into ac-
count then needs to be considered:-
(e) The age of the person
(f) Such factors as income, education, sex, family

status
(g) Whether the person leaves a spouse, children or

other dependents
(h) Whether a given number of deaths occur

separately or in one catastrophic accident.
Of this list, it is proposed at this stage, to ignore

factors (f) & (g) because, even though they may be
important in some contexts, it is rather unlikely that
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their inclusion could affect possible safety
measures or policies. The irrelevancy of factor (h) is
demonstrated in App. 6. Factor (e) is, however, of
considerate importance. An aging process ap-
pears to be inherent in human life; for perhaps five
decades from birth, the control and repair
mechanisms of the body are able to cope with wear
anc! tear of the body without very much deteriora-
tion <v its overall functional capability, but after this
a wiGuSpread general aging sets in; overall mortali-
ty from a wide range of apparent causes then in-
creases exponentially with age, the rate doubling
roughly every seven years. (Ref. 2) This being so, it
will be apparent that, in general, an increase of
safety amounts to postponing death, not avoiding
it. For many purposes, it is therefore necessary to
consider deaths and safety in separate age groups
separately. A convenient overall simplification for
broad-brush studies is to regard death below age
65 as premature and amenable to prevention and
death at age 65 or over as unavoidable.

1.2 RISK
1.2.1 Risk is the frequency (in the past) or the pro-
bability (in the future) of death (or other hurt as
discussed above) per unit number of people per unit
of time, eg. per million people per calendar year. It
is necessarily a statistical concept; numerical
values per year are in practice very low, so that dif-
ferent risks can be added without any appreciable
error arising because the events are not mutually
exclusive.

1.3 DISTRIBUTION OF RISKS & BENEFITS
1.3.1 Some risks are incurred in order that
benefits of various kinds can be obtained, and
there has been much discussion of the fact that
the risks & benefits may apply fo a different
degree to different sub-groups or individuals in the
society.
1.3.2 The problem can be seen in perspective
when present realities are taken into account.
First, total risks are now very small and are
statistical in nature. In Canada, the average total
risk of premature death (ie before age 65) is about
2.8 x 10"3 per year (per person). (1978, ref 3). Since
this risk is made up of a large number of indepen-
dent random components (see App 1), this pro-
bability can be considered to have a standard
deviation equal to its square root, ie 5.3 x 10"2 per
year. Similarly, the average probability of a
premature death occurring in a group of 100 peo-
ple would be 2.8 x 10-1 per year, with a standard
deviation of 5.3 x 10-1 per year. Any small in-
creases or decreases in total risk to sub groups
must be viewed against the great uncertainties im-
plied by these numbers.

1.3.3 Furthermore, some major risks already vary
greatly between different groups (or areas) for
which information is available. For instance,
motor vehicle traffic death rates per 108 vehicle
miles varied from 5.8 in New Mexico to 1.7 in
Rhode Island in 1978 (ref 4). Since this category
represents typically about 9% of total premature
deaths (Canada, 1978, ref 3), the variation for this
category alone represents a variation of about
+ 5% in the total risk of premature death between
whole states in the USA.
1.3.4 As will be seen later, (para 8.2 below) added
risk can be compensated in kind if necessary but,
in relation to the variability discussed above, the
point is unlikely to be of practical importance for
the small added risks which are usually con-
sidered. The matter may be of much greater impor-
tance when the social economic factors in risk are
taken into account as discussed in App 3, since in
this case many categories of risk are
simultaneously affected by the same common
factors.

1.4 PUBLIC SAFETY
1.41 As will be seen from evidence discussed in
this paper, it is generally true in large modern
societies that:
(a) Death rates, and therefore risks, from par-

ticular causes are low, (see App. 3).
(b) The number of different sources of risk (causes

of death) is great (see App. 3).
(c) The premature death rate is now very low-eg

one person in 360 per year in Canada in 1978.
(d) The total risk is widely and fairly evenly

distributed over the whole population, even
though particular sources may be localized in
various ways.

(e) As a result of the preceding factors, it is im-
possible to predict beforehand which in-
dividuals will die, prematurely or otherwise, in a
period of observation.

(f) Despite (c), the total number of people dying,
prematurely or otherwise, is large, simply
because populations are very large.

(g) As death rates have diminished with time (App.
1) life has come to be more highly valued both
by individuals and by the society as a whole.

1.4.2 Starting from these facts, it appears to be
important and desirable to develop a rational and
coherent policy intended to further reduce mortali-
ty, and particularly premature mortality, in a socie-
ty, ie to further improve public safety. The
elements of such a policy are now discussed.



1.5 SAFETY MEASURES, SAFETY ACTIVITIES,
LIFE SAVING ACTIVITIES
It is fundamental to the situation that most of the
easy and obvious methods of avoiding death and
ill health are already in use. Every source of risk
can still be reduced, but only by a considerable ex-
penditure of human effort, materials and services,
in other words the resources of the society, which
are finite. The allocation of these resources
amongst the unlimited demands within the socie-
ty is achieved through the medium of money.
Because of factors (a) to (e) in para 3.1 above, it is
almost always necessary for safety measures to
be applied to very large areas of activity and to
large numbers of people in order to avoid a few
deaths. At the same time, the technological
development of the present day is such that, for
every source of risk, a series of augmented or ad-
ditional safety measures to counter the risk can
always be devised. Thus, the amount of money
that can be spent on safety and life saving is
unlimited, whereas the supply is both finite and
subject to many other competing demands.

1.6 THE ROLE OF THE PRODUCTION AND
AVAILABILITY OF WEALTH
The gamut of the resources of a society are ex-
pressed as its wealth, which is continually con-
sumed by all the individual members and groups
of the society and produced only by some in-
dividuals and groups.

Thus the absolute scale of safety measures and
life saving activities is not only dependent on the
fraction of the society's wealth which can be allot-
ted to them but on the total production of wealth
in the society. A rich society can afford a wide
range of safety activities which a poor society can-
not, and even within one country, there is clear
evidence suggesting that this is a major factor as
between richer and poorer segments (see App. 3).
Several large scale industries pose some direct
risk to their employees and the public or both but
contribute large amounts of wealth to the society,
which permits increased general spending on
safety. As will be seen, dealing with the balance of
these opposing effects is an important policy con-
sideration.

Table A2.1 in App. 2 shows that the overall ef-
fect has been overwhelmingly favourable as in-
dustry, better living and improved safety have ad-
vanced together with only momentary pauses and
reversals throughout the history of the "western"
world.

1.7 THE DEVELOPMENT OF THE RATIONAL
POLICY
1.7.1 The underlying process in the advance-
ment of technology or management is as follows:-

(i) Realistic possible courses of action are for-
mulated.

(ii) The benefits and costs associated with each
possible course of action are predicted
(calculated, guessed, estimated, assessed,
as appropriate).

(iii) The course of action judged to be best on the
basis of (ii) is implemented,

(iv) When experience has been gained, the whole
process is gone through again, with learning
from experience.

All these steps depend heavily in practice on the
experience, imagination, creativity and judgement
of human beings who have had specialized ex-
perience in the fields concerned.

1.7.2 In the case of policy towards public safety,
the objective can be clearly and unambiguously
stated; it is to reduce the total rate of mortality (ie
premature deaths per year per million of popula-
tion) in the society, having regard to the enjoyment
and improvement of the standard of living in other
respects. The information (ie. death statistics)
needed to monitor the broad success or otherwise
of such a policy is already routinely available,
albeit with a delay of a year or two.
1.7.3 The scale of activity would be and should
be very large. In Canada alone the present number
of premature deaths per year is around 59,000. The
number of separate risk sources is very large, and
only very few of them are large enough to affect
the overall risk appreciably. (See App. 1) The ef-
forts of a large number of people must therefore
be organized and coordinated, and the policy
would take the initial practical form of guidance
for many subsidiary groups. Most of these sub-
sidiary groups probably exist already, some of
them much too large and others much too small,
as will be seen later. Central policy making and
guidance is non-existent in most countries at pre-
sent.
1.7.4 The central guidance or planning would be
based on analyzing all causes of mortality and
relating them to all activities designed to reduce
them. The relationship will not usually be one to
one; for example expenditure on ambulances will
affect an appreciable range of accidental risks as
well as having a large effect on the heart attack
risk. Within each main activity, a series of actual
or possible sub-activities would be recognized.
The group concerned with each main activity,
either within its own responsibility or with
assistance from the central safety organization,
would estimate the cost of each sub-activity and
the effect it would have on public mortality. All
components of the contribution to reduction of
mortality of safety activites (safety measures) ap-
plied, or considered for application, must be in-
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eluded. Similarly all costs, direct and indirect must
be assessed; this is particularly important when a
safety measure is the nature of a prohibition,
restriction or impediment, where large and
sometimes hidden costs may be imposed on
others not directly involved.
1.7.5 When this has been done, each sub activity
can be assessed for effectiveness by calculating
the CSX (the cost of saving an extra statistical life)
by means of that activity. The sub-activities of
each main activity can then be arranged in order of
diminishing effectiveness (increasing CSX), and
the overall result will be as shown in fig 1.1. Since
it is always possible to devise additional safety
measures, the series of possible sub-activities is
in principle infinitely iong, forming a monotonic
curve, or actually a series of straight lines. In every
activity, however, only a certain number of the sub-
activities are in fact implemented; let the CSX at
the point of cut-off be CSXDTU. H, then, the activity
is increased by further spending $a, the number of
extra lives saved will be

CSXT

If, instead, the activity is cut back with a saving of
$a, the number of extra lives lost will be the same,
ie the process is reversible.
1.7.6 When all the safety activities in a society
are first reviewed in this way, the CSXT'S will in
general be different (see App. 4). Let the highest be
CSXTH & the lowest CSXTL- If the activity to which
CSXTH applies is now cut back with a saving of
$a, and this money is then used to augment the
activity to which CSXDTL applies, the net saving
of life at no cost will be

1

that is, the extra lives saved would equal the extra
lives lost. Thus, the saving of money without loss
of safety would be

CSXTH

At the other extreme, money (resources) may be
saved without loss of safety; $a would be saved as
above but only $ai would be spent, so that

a - = a 1 -
CSXTL
CSXTH

Between these extremes, it would be possible to
save an intermediate number of lives and an in-
termediate amount of money.
1.7.7 The overall optimization policy for public
safety follows from the preceding discussion. As
will be seen from fig 4, as an activity is cut back
through the ordered sequence of sub-activities, its
CSXT will progressively diminish. If the activity is
augmented, its CSXT will increase. As activities of
high CSXT are cut back and the money saved is ap-
plied to augmenting activities of low CSXT, the
ideal state will be approached where all safety
activities have been adjusted to a common CSXT
value for the whole society, designated CSXTS-
The great range of CSX shown in App. 4 indicates
that, starting from the present situation, very many
lives or very much money or some intermediate
combination would be saved if tnis rational policy
could be applied.

1.8 THE SOURCES OF MONEY FOR SAFETY
A C T I V I T I E S
1.8.1 The preceding discussion assumes
freedom of transfer of money between different
safety activities. At present this may not be easy.
Some safety activities are associated with very
large scale production of wealth and revenue,
such as the aircraft and nuclear power industries.
Others of the greatest importance in respect to
safety, such as medical research and hospitals,
are fundamentally consumers of wealth and
revenue, at least in the narrow practical sense;
they have little or no money of their own. This dif-
ference explains, or at least makes possible, seme
of the gross disparities in CSX revealed in Appen-
dix 4. In nuclear power for example, a considerable
fraction of a large flow of revenue can be diverted
to safety measures of low effectiveness without it
being perceived outside the industry, whilst in
medical research, an activitiy of high effec-
tiveness, every dollar must be extracted from
reluctant taxpayers or raised by public appeals.
The most important gap in most earlier fundamen-
tal work on safety such as ref 5 has been the omis-
sion of consideration of those safety activities not
associated with revenue production, despite the
fact that they are at present the major route for im-
proving public safety.



1.8.2 Even if the proposed policy is only im-
plemented to the information gathering and
analysis stage, it will permit activities of low CSX
to be identified authoritatively. As will be seen
from Table A4.1 in App. 4, it may weli be possible
to spend many millions of dollars on augmenting
such activities with the expectation of saving
statistical lives at a CSX of less than about
$300,000. The fact that it would be possible to save
lives at such a low rate would go far towards
eliminating the excessive regulation and cost
reflected by items at the top of the Table.
Academically speaking, it would also permit the
"buying back" of the residual public mortality
caused by an industry after its safety has been op-
timized. For instance, if the overall safety policy
resulted in a coal fired power station being
operated with a calculated residual mortality of,
say 4 per year from stack effluents with optimum
treatment, then the transfer of $1,200,000 per year
to a designated activity having a CSX of $300,000
would exactly nullify this mortality and in princi-
ple, eliminate the safety issue. The small amount
of money involved in this example is significant.

1.9 WEALTH PRODUCTION AND SAFETY
1.9.1 An effect of much greater importance and
magnitude is, however, likely to be confirmed by
the organized and authoritative analysis of public
safety activities which is advocated. The striking
continuous improvement of public safety shown in
App. 1 is almost certainly the result of present
spending on what are considered safety activities
in this context; these include better sanitation,
doctors, hospitals, ambulances, fire brigades and
medical research at the least. The scale on which
these expensive activities are carried out is only
possible in countries which produce a sufficiently
large excess of wealth over what is needed for
subsistence, and this excess is only made possi-
ble by technological and industrial development.
As explained in App. 3, in North America at pre-
sent it seems likely that every $5 million of in-
dustrial production may result in the support of
such activities to the extent of saving one
statistical life. If this is true almost every industrial
and technological activity is contributing to public
safety rather than detracting from it. For instance,
if the coal fired power station in the example
above generates 1000 MW of electricity worth 2
cents per KWhr 65% of the time, it would be sav-
ing 23 lives per year compared with the residual
mortality, whether "bought back" or not, of 4 per
year. These 23 lives per year would of course be
part of the 70,000 lives saved in 13 years in Canada
as calculated in App. 1.
1.9.2 This factor is best illustrated by the two
models shown in fig 1.2. Model A shows how the
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vast majority of people, including many scientists
and engineers, perceive the issue of industrial
safety and environmental impact at present.
Model B is a more realistic representation; the ma-
jor point which it brings out is that the net effect of
any industry on health and safety is made up of
two opposing factors. It is only possible to decide
what the net effect is if both components are
estimated quantitatively. See also para. A2.7 in
App. 2.

Table 1.1 reproduced from ref 6 (1957) is in-
teresting in this respect, since the index of safety
(or its inverse) then considered was in a similar
form. Because of the decline in the value of
money, $5 million 1980 is roughly the equivalent of
$1.6 million 1957. The global positive contribution
to safety to be applied to this table is therefore
one life saved per $1.6 million. It will be seen that
every industrial activity is a net benefactor of
public safety, private car travel being the only ac-
tivity listed which has an overall negative effect.
The public mortality figures in the columns for
1951 and 1961 in Table A2.1 of App. 1 confirm that
there was a large gain in public safety in this
period.
1.9.3 The policy implications of this factor bear
mainly on national economics. More wealth pro-
duction obviously permits a higher material stan-
dard of living in the society, but it can now be seen
that, without change of the fraction of the
society's wealth which is devoted to safety ac-
tivities, it will also lead to greater safety, including
better health in the society.

1.10 QUANTITATIVE RISK ASSESSMENT
1.10.1 The necessity for assessing risks quan-
titatively as the basis for policy decisions will be
clear from the preceding discussion. Even the sim-
ple question of whether the net impact of an in-
dustrial activity increases or decreases public
safety cannot be answered without at least rough
estimates of the opposing components. If any at-
tempt is to be made to apply money (resources)
where it will save most lives, at least some quan-
titative idea of the CSX of all the alternatives must
be arrived at. Undoubtedly estimates of risk, such
as the Rasmussen study in the nuclear field, are
liable to large uncertainties and errors, but at least
they impose the discipline of assembling whatever
information is available into a logically complete
whole and yield answers which can be directly
compared with risks of different kinds and which
can be continually compared with actual ex-
perience. In respect to severity and frequency, the
component parts and the overall result of
systematic risk assessment can be based on past
quantitative experience and can be compared with
new experience as it is acquired.



TABLE 1.1

Activity

Automobile manufacturing

Food industry

Chemical industry

Iron and Steel Products

Petroleum industry

Mining, except underground coal

Underground coal mining

All industries (my estimate)

Scheduled airlines
(output at 7c per passenger mile)

Private car travel
(output at 3.5c per passenger mile)

Canadian railways, 1953
(passengers, 2.9c per passenger
mile, freight, 1.5c par ton mile)

Canadian electricity industry, 1954
(at 5 mills per kwh)

Index
(Smillion pro-
duct per life

lost)

200

87

62

60

38

9.5

5.2

50

7.7

0.93

7.1

9.0

* Sources: given in ret 6. Output value estimated at $4 per manhour
when not otherwise stated. Figures for United States except as
noted.
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PART 2. WHY REASON IS INHIBITED IN MAT-
TERS OF PUBLIC SAFETY.

2.1 In the "western" (OECD) world of today, there
is a widespread impression that safety is regarded
as a serious matter. There are many groups in
government and in industry charged with respon-
sibility for dealing with particular risks. A powerful
bureaucratic and legal structure may impede ac-
tivities involving risks which are conspicuous or
which arouse uneasiness. The total amount of
cost incurred for ostensible reasons of safety is
very great. This being so, it would be expected that
a considerable part of the total effort would be
devoted to studying safety and to planning and
managing the overall effort devoted to safety,
presumably following the quite simple precepts
outline in Part 1 of this paper. This is just not so.
Almost all the effort normally thought of as being
intended to maintain or improve safety is in fact
expended on a few miniscule sources of risk; there
seems to be very little public or institutional con-
cern over the largest categories of risk. Above all,
almost no effort at all is devoted to defining, study-
ing or understanding the totality of risk as it af-
fects us all in real life.
2.2 Why this strange state of affairs? Many at-
tempts have been made to explain it on the basis
that the perception of risk by the public differs
from either the reality of risk or the expert's
perception of it (refs 7,8,9 & 10 are examples) but
in the last analysis these all amount to attempts
by experts to explain why the public persists in do-
ing things which are against its best interests. The
explanation now proposed is as follows:
(i) Primitive, instinctive, infectious, unreasoning

FEAR is aroused by some but not all risks.
(ii) The magnitude of a risk or even its reality are

not important in determining whether or not it
will arouse fear.

(Hi) Such fear will spread if reason is inhibited.
This readily happens if the kind of harm
which is thought to result is unusual or
sinister.

(iv) Motives and means exist for creating and
disseminating fear in present day societies;
processes which alleviate fear are much less
powerful and may take years to develop.

(v) Utterly wrong ideas about what constitutes
risk and danger can become widely believed,
accepted, disseminated and institutionalized
in present day societies; they can be both a
cause and consequence of fear.

2.3 Instinctive fear is presumably a defence
mechanism which has evolved in animals over
hundreds of millions of years, compared with the

few thousand years duriig which our present
societies have developed. Its inadequacy in man-
made situations is very clearly illustrated by the
following animal analogy. Indians who inhabited
North America in prehistoric times hunted bison
by causing whole herds to stampede over cliffs.
An actual instance reconstructed from the fossil
record in described in ref 11. In this case, roughly
200 bison were killed by a band of Indians who pro-
bably numbered less than the bison. The adult
male bison probably weighed about 450 kg,
whereas the adult male Indian presumably weigh-
ed about 80 kg. The Indians had spears with
sharpened stone tips, but the bison had pointed
horns which must have been at least as deadly as
weapons, and were protected by a thick hide. The
Indians approached the bison herd from down-
wind, presumably shouting and waving things as
farmers do today, and injured a few animals at the
fringe of the herd with their spears. If the whole
bison herd had charged towards the Indians, it
seems certain that more Indians would have been
killed than bison and after a few such encounters
the Indians would have had second thoughts
about such methods. In fact, however, the timid
bison were so terrorized that they broke into a
stampede away from their attackers. The whole
herd fell into a dry gulch and all or most of them
were killed or immobilized, to be cut up and eaten
by their predators. This species of bison soon
became extinct, which is not surprising when they
were hunted in this way. In this example it will be
seen that instinctive fear led to a consequence
diametrically opposite to survival.
2.4 The appearance and persistence of wrong
beliefs associated with fear in human societies is
illustrated in the witch-craze of the 16th and 17th
centuries, (refs 12, 13 & 14). In the European
societies of those times more than half a million
citizens were put to death for the alleged crime of
witchcraft which we now know was entirely fic-
titious. The process became documented, organiz-
ed and institutionalized and most of the execu-
tions were in accordance with due legal process
by the standards of the times. Even when the
number of witches executed began to decline, it
was mainly because fewer people were accused,
the use of torture to procure confessions diminish-
ed, and more of the accused were found not to be
guilty of the offence; that the whole idea of wit-
chcraft is outright nonsense only became general-
ly accepted at a much later date. The details of the
belief in witchcraft offended even the most
elementary contact with reality. The acknowledg-
ed experts of the time asserted that witches
smeared themselves with fat from murdered
human infants and were thus able to squeeze
through the cracks around doors and through
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keyholes. The idea of witches flying through the
night on broomsticks and airborne goats is amus-
ing today; it was no more reasonable to accept it
as a matter of fact in those days than it is now. In-
credibly enough, ref 14, published as recently as
1926 in a series called "The History of Civilization"
by a major publisher, reveals that its author
substantially still believed in witchcraft. This ex-
ample is a warning that utterly wrong ideas, con-
tradicting the most obvious evidence and personal
experience, can, in some circumstances, become
conventional and widespread and can persist un-
corrected for long periods in human societies;
moreover that such wrong ideas can influence im-
portant acts by individuals and can become in-
stitutionalized in the society as a whole.
2.5 The advanced societies of today are indeed
fortunate to be very far separated from the herd of
bison; no error which is likely to be made by in-
dividuals, groups or by the whole society in deal-
ing with risks and threats is likely to have anything
like such serious consequences. It also seems im-
possible that anything remotely resembling the
appalling witch hunt of the past could occur again.
Nevertheless, it is the attenuated residue of these
problems which obfuscates systematic attempts
to improve public safety and to avoid unnecessary
wastage of resources.
2.6.1 In our modern societies, it is possible to
discern the broad outlines of the mechanisms by
which primitive fear and the wrong ideas which
sustain it are generated, propagated and institu-
tionalized. Fig 2.1 shows groups and processes
which are typically involved. The comments on the
diagram are not intended to be either derogatory
or the reverse; this type of society is the best (or
the least bad) that mankind has ever known, and
this is only one aspect of how it alt works. The real
system is not precise or constant and the diagram
should be seen in this light. The route by which
"scares" ("Indians", using the analogy of the bison
episode) are usually injected into the system is
shown by heavy lines. A succession of such
scares creates and sustains a pattern of widely
held wrong ideas.
2.6.2 Two important random elements have been
shown in fig 2.1. First, in the creation of "Indians"
at the top left corner, there seems to be no way of
predicting what particular risk will be built up into
a scare suitable for amplification by the news
media, just as it is difficult to explain why Pope In-
nocent VIII and his two ardent monks should have
been moved to made a formal issue of witchcraft
in 1484. Second, the self-magnifying loop in the
lower part of the diagram is equally unpredictable
and uncertain in its effects just as it is not clear
why both the Catholic and Protestant worlds of
the 1500's, which were bitterly opposed to each

other, should both have responded to the same im-
aginary problem.
2.6.3 A modern illustration of this randomness is
the comparison between the worst technological
disaster ever, at Vaiont, Italy in 1963 which certain-
ly took 1800 lives (see App 6) and the mishap at
Three Mile Island, which might be assessed to
have cost a fraction of one life. Most people have
now forgotten the former, and the reaction at the
time (in terms of fig 2.1) was at least an order of
magnitude less than in the latter case.
2.7 Whatever the ultimate or underlying controll-
ing factors in the "fear" loop of fig 2.1, it did not
have any great effect on technological progress in
the "western" (OECD) world until the late 1960's.
Then, despite the universal and continual decline
of total risk in all advanced countries, there was an
almost explosive increase in activity, greatest in
those countries where the risks had become least.
There are now some signs of remedial trends, or
more accurately, that the situation had never been
as bad as it appeared. An important indication in
the field of energy production was the result of the
Swedish referendum one year after the Three Mile
Island scare, which showed a majority in support
of continuing the nuclear power programme.

In other words, a majority of the Swedish public
had correctly identified at least one "Indian" (see
Table 2.1). The facts there has been almost no cur-
tailment of nuclear output anywhere and that no
scare has been produced over the operation of
coal fired power stations without scrubbers also
suggest that the public may as a whole may act
more maturely than the behaviour of minorities
and the responses of samples of the population to
particular questions in opinion surveys may in-
dicate.
2.8 This leads to the distressing observation that
so many scientists, engineers, doctors, lawyers
and others of professional standing have con-
tributed so much to scares, fear and misinforma-
tion, even if unintentionally. It is perhaps impor-
tant in this respect that even the modest level of
reasoning and logic outlined in Part 1 of this paper
is not necessary for the glaring errors of present
practice to be detected. It is only necessary to "br-
ing all the risks into one house", to use G.H. Whip-
pie's expression, and it may be that when a
responsible decision is needed, as in a referendum
vote or in voting for a government, the man in the
street can see this as well as others who have had
the advantage of higher education and more in-
tellectual activity.
2.9 Table 2.1 is a current list of "Indians", mainly
applying to Canada. The primitive fear which is
associated with these words and ideas is sustain-
ed by "witch belief", that is a wide-spread and
almost unquestioned belief that they pose an im-
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TABLE 2.1

"Indians" - Canada, 1978 (Ref 3)
(Low or Non-existent Risks - Magnified out of Proportion)

Description

Fire in Public Building

Major Aircraft Accidents (including DC 10's)
(Long Average Estimate) (Note 1)

Pressure Vessel Explosions (Average)

Nuclear Power (Long Average) (Note 3)

Asbestos in Buildings (Note 2)

Rail Transport of Chlorine (Note 2)

Chemical Wastes (like Love Canal) (Note 2)

PCB's (Note 2)

Dioxins (Note 2)

Nuclear Spent Fuel (30 year period) (Note 2)

Nuclear Waste (30 year period) (Note 2)

Plutonium (and see App 3) (Note 2)

Deaths

39

~30

~6

~3.1

~0

~0

~0

~0

~0

~0

~0

~0

(Note 4)
"ICDA

Category"
Rank

248

265

407

437

612

612

612

612

612

612

612

612

Fraction
of Total

Risk

2.3 x 10-4

1.8 x 10-4

3.6 x 10-5

1.8 x 10-5

-

-

-

-

-

-

-

Note 1 Based on one aircraft lost with all occupants per 500 air-
craft years of service.

Note 2 Author's estimate. It has not been possible to discover
any form of risk assessment in these cases.

Note 3 Based on the following long average mortality per reactor-
year. Accidents 0.08 (ref 15). Routine releases 0.01 (50
man-rem per reactor-year). Staff exposure 0.05 (250 man-
rem per reactor-year). Mining, refining, etc. 0.20. Total 0.34
x 9 large reactors.

Note 4 The rank which this cause of death would have if it were
an ICDA 3-digit category in Canada at the level shown (see
App. 1).

Note 5 All these categories are subject to strong government
regulation. See para. A2.6 in App. 2 in regard to the effec-
tiveness of this.
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TABLE 2.2

"Dry Gulches" - Canada 1978 (Ref. 3)
(High Risks - Accepted with Equanimity)

ICDA
Category

410

162

412

174

E812

153

157

250

E814

431

Heart Attack

Lung Cancer

Chronic Heart Disease

Breast Cancer

Motor Vehicle Collision

Intestinal Cancer

Cancer of Pancreas

Diabetes

Pedestrian struck by Vehicle

Cerebral Hemorrhage

TOTAL - 10 Categories

Rank

1

2

3

4

5

6

7

8

9

10

Pre-
mature
Age 65

9,172

3,492

2,797

1,559

1,274

725

709

681

669

653

21,731

Other
Age 65

21,238

4,624

16,108

1,522

202

2,897

1,330

2,206

221

1,380

52,845

Total

30,410

8,116

18,905

3,308

1,761

4,171

2,055

2,915

902

2,033

74,576

In this Table, "Rank" is based on the number of premature deaths.
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portant risk to present day societies.
Table 2.2 is a corresponding list of "dry

gulches". They are simply the ten highest ICDA 3
digit categories of causes of death (i.e. real risks)
shown in Fig A2.1 in App 2.

There are uncertainties about some of the quan-
titative risk estimates given for the "Indians" in
Table 2.1, mainly because the risks are so ex-
tremely small. There is no uncertainty about the
mass slaughter represented by the "dry gulches"
of Table 2.2.

The question of whether the "bison" and "witch
belief" analogies are relevant to the real situation
in our human societies today can be judged from
these two tables.

PART 3. WHAT SHOULD BE DONE

3.1 The proposition implicit in this paper is that if
a society will to a greater extent base its decisions
and actions in respect to safety on reason and
science, its members will benefit from a higher
degree of safety at lower cost. Specialization is a
fundamental feature of our civilization, and it can-
not be expected that more than a very small frac-
tion of the population will ever have the depth of
knowledge and experience to appreciate fully
what could and should be done. Those with pro-
fessional or scientific qualifications and par-
ticularly those who profess expertise in the field of
safety, have, therefore, an obligation to do what
they can to achieve progress in the right direction.
They have a responsibility:-
(a) to recognize and resist the "bison mentality"

as much as possible wherever it appears.
(b) to develop reasoned skepticism and an inquir-

ing attitude in mattors of safety so as to correct
the widespread wrong ideas which are the
basis for most primitive fears.

(c) to maintain confidence and belief in reason
and scientific method.

(d) above all other things, not to tell people what
they want to hear, or even worse, what they
think people want to hear.

3.2 A first requirement is to move towards the
elimination of the diametrically wrong actions of
many government regulatory bodies, which mainly
result from the wrong assumption that Model A of
fig 1.2 applies, but which in some other cases like
those of Group 1 of Table A4.1 in App 4 can only be
explained by a more serious short sightedness.
The net result in either case is that wealth produc-
ing industries are being seriously impeded and
burdened with unnecessary costs, so that there is
a net loss of public safety in accordance with
Model B of fig 1.2. An important piece of ground
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work is already in place. In Canada the federal
government has decreed that future regulatory
measures must be justified by some form of cost-
benefit study, and some similar requirements app-
ly to at least some regulatory activities in the USA.
It will be clear that, in these two countries at least,
the political leaders have opened ths way for the
introduction of the methodology of Part 1 of this
paper.
3.3 More generally, if the principles of this paper
were accepted throughout all government
regulatory agencies, they could achieve the
desirable deregulation, and the fundamental
change from the negative to the positive which is
indicated, merely by the better exercise of their
delegated authority and by rendering better advice
to political leaders.
3.4 On the positive side, some of the "dry
gulches" need to be made the responsibility of
groups or agencies with far more muscle and
financial support than is the case at present. As
will be seen from Table 2.2, and many of the items
in Group 4 of Table A4.1 (App 4), it appears that
medical research and particular health services
would be the most obvious candidates for greatly
increased support.
3.5 For best results in the longer run, and in
order to maximize safety through wealth produc-
tion (App 4), it seems obvious that, in each society,
some group should be set up and given the formal
responsibility to study public safety and to advise
political and administrative decision makers.
Government regulatory agencies have so univer-
sally become the abode of the "bison mentality"
that it would seem preferable for such a group to
be independent, perhaps as an institute in a
university or as a separate foundation sponsored
by a variety of influential organizations. However,
in the OECD world at least, it is probably the
temper of the times to set up a government depart-
ment for the purpose. There seems to be no fun-
damental reason why such a new department
should not be capable of implementing the
precepts of Part 1 of this paper, starting from the
requirement for cost-benefit justification of ac-
tivities referred to above, if it were setup with the
right terms of reference from the beginning. An im-
portant function of such a group would be to give
expert evidence of the seriousness or otherwise of
risks at public enquiries and inquests, thus, it is to
be hoped, reducing the tendency for recommenda-
tions of far-reaching effect to be made in the nar-
row circumstances of the aftermath of some par-
ticular accident.
3.6 Until some real progress is made in the direc-
tions advocated, it is important that the further en-
trenchment and institutionalization of present
wrong ideas and actions should be resisted by



whatever means are possible. The promulgation of
more onerous safety requirements in particular
narrow fields, such as clean air and water stan-
dards, aircraft and nuclear safety standards,
should be suspended until safety costs and
benefits become more clear. In particular, interna-
tional standardization, which usually involves the
adoption of the most restrictive of alternate na-
tional standards, should be avoided; at least, bison
stampedes should stop at national frontiers.
3.7 Apart from these general considerations,
much work of a more detailed nature needs to be
done. The methodology of unbiassed risk assess-
ment, shown to be essential if rational decisions
are to be made, needs further active development
along lines already established. In particular, the
application of judgement to limit such
assessments is very important, since otherwise
there is simply no limit to the degree of detail
which must be covered. The broad economic
aspects of overall safety and the relationship bet-
ween wealth, wealth creation and life saving need
more investigation.
3.8 Concluding Part 3, it is obvious that the
system outlined in fig 2.1 will not quickly change.
This does not excuse the scientific and profes-
sional community from the responsibility to do
what it can within that system.
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APPENDIX 1

THE PATTERN OF RISK IN ONE COUNTRY
(CANADA)

1. Canada is one of the richest (per head) and
safest countries in the world today, but the way of
life is fairly typical of at least the richer OECD
countries with a total population of roughly 600
million people.
2. Extensive information and statistics about
health and causes of death are available.
Premature death rates can be extracted for major
causes, but total rates are more readily available.
In ref 3, roughly 2,000 ICDA categories of risk
(cause of death) are given. For convenience, only
the 611 three digit ICDA categories in which at

least one death occurred in 1978 are considered
here, the others being subdivisions of some of
these.
3. Fig, A1.1, computed from Ref 3, shows the risk
pattern as a sector diagram. Only the ten largest
categories can be clearly shown; the remaining
601 are too small. Table A1.2 is a breakdown of the
categories by range of size.
4. Table 2.2 in Part 2 of the main paper gives more
details of the major risk categories. Table 2.1
shows some very minor categories & a number of
risks which might have become ICDA categories
were it not for the fact that no deaths from these
causes have been recorded.

TABLE A1.2

Breakdown of ICDA three digit risk categories -
Canada 1978

Size Group of Categories

Each Category 1% of Total

Each Category . 1 % to 1% of Total

Each Category .01% to . 1 % of Total

Each Category .01 % of Total

Totals

No.
in

Group

19

95

210

287

611

Deaths
in

Group

101,663

45,931

13,955

6,630

168,179

Fraction
of

Total

60.4%

27.3%

8.3%

3.9%

100.0%
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APPENDIX 2

PUBLIC SAFETY NOW AND IN THE PAST

A1.1 Much discussion of safety at present con-
cerns the introduction of new technological risks,
with the implication that the level of safety was
greater in the past but that, unless something is
now done about it, the safety of present day com-
munities would deteriorate. The historical record
shows that exactly the reverse is true. As
technology developed slowly centuries ago, public
safety improved slowly. As the growth of
technology became more rapid, overall public safe-
ty increased more rapidly; this trend holds right up
to the latest available information, with no indica-
tion that it will change.
A1.2 As discussed in Part 1, quantitative
measurement of safety tends to be difficult
because of a high background of mortality resulting
from unavoidable aging. This difficulty can be
avoided if the extra work of considering different
age groups separately is undertaken. This is done
in Table A2.1, where the method first used in ref. 6
is extended; the population is lepresented by five
age "slices" for which information can be readily
obtained. The true nature of changes can thus be
most easily discerned.
A1.3 Table A2.1 represents different groups of
people at different times, a fact dictated by the
limited evidence available. Nevertheless, there is a
clear progression into the present type of civiliza-
tion, which both follows from and results in
technological development to such an extent that
the two are almost synonymous. There is no rever-
sal of trend of any importance anywhere in the
table, although there is a suggestion that the
lowest mortalities may have reached "rock bot-
tom".
A1.4 Fig A2.2 shows the same information plot-
ted on a linear time scale for the last 60 years in
Canada. This shows that the rate of reduction of
mortality rates is, if anything, increasing; when the
reductions are considered as a percentage of the
current rates, which may more realistically reflect
success in the presence of diminishing returns as
indicated in Part 1, this trend is even more striking.
A2.5 Table A2.3 traces particular cohorts of peo-
ple born at the same time through the period of
rapid reduction of mortality in England & Wales
from 1861 to 1961, which is typical of data for
shorter periods for Canada and other advanced

countries. It will be seen that there is no indication
that people whose lives were saved in earlier years
are more at risk in later years than those who
would have survived the earlier risks anyway. In
fact, the reverse is clearly the case. This effect is
discussed in ref 8. Fig A2.4 shows how mortality
from accidents has declined in much the same
way as total mortality over the same long period of
records. This evidence gives support to the use of
mortality as a measure of overall se /ety, including
the risk of ill health and injury (see Part 1).
A2.6 The magnitude of the saving o' life
resulting from the trends in public safety discuss-
ed above is computed in Table A2.S, derived from
ref 3 (1965 & 1978 editions). In the period from 1965
to 1978 in Canada, for which full information is
conveniently available, it can be deduced that the
number of actual deaths was 206,747 less than
would have been the case if the 1965 rates had ap-
plied unchanged to the average of the 1978 & 1965
populations, 74,019 of these being premature (age
less than 65). It will be noted that the prominent
government regulatory activities indicated in Table
2.1 in Part 2 cannot have contributed any percepti-
ble share of this immense and real saving of life;
the numbers of deaths involved were simply too
small to matter. This huge increase in public safe-
ty was achieved by unobtrusive progress in reduc-
ing a large number of sources of risk, mostly quite
small in themselves. (See also App. 3). It is this pro-
cess which would be analyzed and augmented
under rational policies.
A2.7 A feature to be noted in Table A2.1 is the
improvement which occurred between the data for
Quebec in 1690 and for Britain in 1861. This period
is almost exactly the first 170 years of the in-
dustrial revolution, when industry was in its dirtest
and, reputedly, most inhuman phase. If, as seems
likely, Britain was not very different from Quebec
in respect to mortality in 1690, it appears that even
in those early years the reduction of mortality as a
consequence of the wealth produced by industry
exceeded any increase of mortality resulting from
the growth of industry or the consequent crowding
of poor people into city slums. It thus appears that
Model B in fig 1.2 has applied in some general way
from the very beginning of our industrially based
civilization, contrary to much conventional belief.
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TABLE A2.1

Public Safety - Historical
Death rate per 1000 per year in each age group

Age
Group

0-4

20-24

40-44

60-64

80-84

Ref

Ohio
950

79

23

148

200

-

16

Quebec
1690

73

15

22

45

197

17

Britain
1861

67

8.3

12.7

34.5

193.0

18

Canada
1921

24.7

3.84

6.05

22.6

129.7

19

Canada
1931

23.9

3.24

5.24

21.8

131.0

19

Canada
1941

17.8

2.30

4.75

21.5

138.0

19

Canada
1951

9.93

1.42

3.47

20.5

127.0

19

Canada
1961

6.71

1.15

2.70

18.60

113.0

19

Canada
1971

4.18

1.19

2.85

16.9

97.7

3

Canada
1978

2.96

1.19

2.45

15.7

87.8

3

NOTE: The numbers in the first column are deri 3d from study of a large number of sketetons in a burial ground used by a "robust &
successful" primitive society for about Z JO years. The remaining columns are based on written records of progressively increasing
reliability.
In the first (unnumbered) edition of this paper there were large errors in the first two columns.

TABLE A2.3

Mortality of Cohorts
England & Wales 1861 - 1961 Male (ref 18)

Death rates per 1,000 survivors in the cohort per year

Approx.
Mid
Year
of
Birth

1858

1868

1878

1888

1898

1908

1918

1928

1938

1948

1958

0-4

71.7

71.8

56.4

64.2

58.9

47.3

32.3

22.5

17.5

7.36

6.19

10-14

4.43

3.24

2.63

2.29

2.04

1.76

1.47

1.48

.57

.38

Approx. age r

20-24

6.05

5.66

4.68

3.85

3.57

3.32

2.28

1.35

1.13

30-34

9.00

7.10

5.53

4.55

3.67

3.56

1.76

1.21

ange of cohort

40-44

12.2

9.27

7.28

6.70

6.33

3.59

2.97

50-54

17.4

13.6

13.5

15.0

11.3

9.23

60-64

29.9

29.5

34.2

31.0

27.5

70-74

75.6

77.6

73.2

65.8

80-84

196

185

156

Each horizontal line represents the passage of one group of people (cohort) through its life span.
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TABLE A2.5

Saving of life in Canada, 1965-1978 (ret 3)

0-4

5-9

10-14

15-19

20-24

25-29

30-34

35-39

40-44

45-49

50-54

55-59

60-64

65-69

70-74

75-79

80-84

85 +

Death rate
1965

5.15

.55

.40

.84

1.17

1.12

1.29

1.79

2.77

4.42

7.54

11.40

18.34

27.54

43.53

67.38

109.29

202.34

Pop.
1965

(Thousands)

2259.9

2213.9

2040.0

1779.1

1377.3

1184.9

1226.0

1277.7

1238.4

1074.6

964.0

800.9

639.7

515.1

508.3

302.7

172.4

86.1

Death rate
1978

2.96

.48

.36

.93

1.19

1.00

1.11

1.59

2.45

3.93

6.63

10.07

15.70

23.64

36.01

54.99

87.85

160.91

pop.
1978

(Thousands)

1748.6

1430.2

2107.0

2384.6

2247.6

2021.4

1816.5

1434.4

1235.3

1261.9

1216.9

1108.3

914.6

770.2

569.4

389.6

230.2

175.8

Reduced
Number

of deaths
1978

4389.3

127.5

82.9

187.4

36.2

192.4

273.8

271.2

395.8

572.4

1984.6

1269.6

2051.7 11,387.6 ST

2506.3

3676.2

4288.8

4315.9

5632.4 31,807.2 GT

Assume changes linear over 13 years

Total deaths avoided in period 1965-1978 inci compared with
1968 rates unchanged is - Premature 11,387.6 x 13 = 74,019

Total 31,807.2 x 13 = 206,747
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APPENDIX 3

SOCIAL AND ECONOMIC FACTORS IN PUBLIC
SAFETY
A3.1 Appendix 2 shows how public safety has
improved continually with time in advanced coun-
tries. However, not only has the improvement been
more rapid in some countries than in others, but
even within countries, marked differences exist
between recognizable groups or strata of the
population. Table A3.1, reproduced from ref 20, in-
dicates the range of variation in today's world, and
even this does not include the most unfortunate
groups of people in less developed countries,
about whom little reliable information is available.
A3.2 In a number of recent cases where an at-
tempt was made to assess the effects of ionizing
radiation (an "Indian", see Part 2) by the study of
exposed groups, it has been found that the mor-
tality of the exposed g'oup has in fact been less
than the population or the society as a whole
because of social-economic factors. Two cases
are considered in some detail:-
A3.3 Refs 21 and 22 describe studies of 226 peo-
ple who were exposed to plutonium at Los Alamos
in 1944 and 1945 in "extraordinarily crude condi-
tions". Despite the fact that all of these people
had measureable body burdens of plutonium
which only declined slightly over the 32 years of
the studies and some of which were far above the
maximum body burden which is now decreed, no
adverse effects from the plutonium could be
detected. However, a matter of enormously
greater importance in respect to public safety was
revealed by this study. Among the 226 subjects of
the two studies, the number of deaths observed in
30 years was 33. The number expected, ie which
would have occurred in a group of average white
male U.S. residents having the same age distribu-
tion, was 61.8. The age in 1950 of 26 of the sub-
jects for whom the information is given ranged
from 26 to 43 (approximately). The number of white
male U.S. residents aged from 25 to 44 in 1950 is
about 20.0 million (ref 18). This study could
therefore equally well be regarded as a com-
parison between 20 million men who (a) did not
have plutonium in their bodies and (b) were never
employed at Los Alamos, compared with a control
group of 226 men who were positive in respect to
both criteria. The number of excess deaths in the
group under study in 30 years was:

20.0 x 106 (61.8 - 33) = 2.55 million
226

The most likely hypothesis is that the plutonium
had no effect and that the excess mortality in the
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larger group resulted from the living conditions of
the average white male U.S. resident being inferior
to those of the Los Alamos employees. Following
any rational policy or concern for public safety,
plutonium would be dismissed as an entirely
unimportant problem in practice, whereas the
enormous loss of life revealed in the larger group
would be recognized as calling for intensive in-
vestigation, since even a small fractional reduc-
tion in the number would represent a large ab-
solute saving of life. The literature gives no indica-
tion that any such reasoned reaction will take
place.

A3.4 A second and similar example is the exten-
sive studies of the survivors of the atom bombs at
Hiroshima and Nagasaki, eg. refs 23 and 24. The
group of people who received doses of 10 rad or
more experienced more deaths from cancer but
less deaths from all other causes than would have
been the case for a group of average Japanese
residents with the same age distribution. The
radiation effect (excess cancer deaths) has been
the subject of an immense study, reflected in a
corresponding mass of reports. The reverse effect
revealed for all other causes than cancer amounts
to the chance discovery that the population of
Japan has been exposed to some source of risk
from which the bomb survivors were protected.
The relative magnitudes of the effects are:

Radiation-1.76 megarads-226 extra deaths
in 21,397 people
Unexpected additional risk-2.45 million extra
deaths in 84.2 million people

It is quite clear which of these phenomena
revealed by the studies should receive more atten-
tion. The "unexpected additional risk" quite
possibly arises from the fact that the average
Japanese population did not receive the extra at-
tention, administrative and medical, that the ir-
radiated survivors received. The fact that this or
some other factor produced a positive effect on
safety nearly three times as great as the negative
effect of the radiation calls for energetic further in-
quiry, since it may well indicate a way of saving
very large number of lives at modest cost in future.
By comparison, the radiation risk is clearly shown
to be minor and is now quite well enough known.
As a final matter of interest, the efforts to discern
the smaller effect of radiation in the presence of
the larger unexpected effect led to a form of nor-
malization of the statistics given in ref 24 which
made it almost impossible to discern that the
unexpected effect existed at all. In UNSCEAR 77,



(ref 23) the unexpected effect is revealed, without
comment or emphasis, in a single line of one table
(Table 21, P405) in a report of 725 pages.
A3.5 A remarkable consequence of the ex-
perience of the Hiroshima and Nagnsaki survivors
(s that it indicates the possibility of a reversal of
the overall effects of a nuclear reactor accident. If
the Three Mile accident had been 500 times worse
than it actually was, the total radiation dose to the
public would have been 500 x 3300 REM =
1,650,000 REM., which is close to the total dose
received by the highly irradiated Japanese group.
The most exposed individual would have received
.08 x 500 = 40 REM, which is far below the early
fatal range. The exposed population would cer-
tainly have been extensively studied and given
regular medical examinations, probably to a much
greater degree than in the Japanese case. The
result might well be the same, that is, a small in-
crease in cancer mortality rates but a larger reduc-
tion in total mortality.

Thus it would appear from a closely related ac-
tual experience that, an accident very much more
serious than the one which actually happened
might have resulted in a net saving of life. The fact
that this inversion seems strange results from the
exaggeration of a small risk coupled with the
failure to appreciate the possibility that more
powerful life saving measures may be readily
available but not well understood or developed.
A3.6 The effects indicated above probably
operate through a wide range of categories of
causes of death and either explain or provide im-
portant clues to the mechanism of the continual
and rapid improvement of public safety indicated
by Table A2.1 in App 2. Much work in novel fields
of inquiry will be needed in order that the CSX
(cost of saving an extra statistical life) associated
with such indirect and concealed factors can be
estimated. However, the potential benefits are on
a very large scale, and the effort therefore appears
to be particularly worthwhile.
A3.7 A quantitative relationship between wealth
production and improved safety, which underlies
most social-economic factors, can be roughly
estimated. From Table A4.1 of App 4 it can be
discerned that many activities in the advanced
countries are at present saving lives in large
numbers at a CSX of $300,000 or less. It also ap-
pears to be the case that about 6% of the GNP of
the USA and Canada is expended on life saving
measures. From these figures, it can be seen that,
in a general advance of technology, industrial aac-
tivity and standard of living such as has un-
mistakeably taken place in the last century or so, a
growth of GNP of $300,000-.06 = $5 million is
associated with the saving of one extra life. There

is no obvious evidence contradicting this figure,
which is treated in somewhat more detail in ref °.!
Whether the increasing GNP drives the increasing-
ly successful safety effort or whether the relation-
ship is something different is a legitimate ques-
tion. However, over almost the whole of the last
century, the increase in GNP and standard of liv-
ing has resulted mainly from private commercial
initiative, including the extensive use of advertis-
ing, and has been most rapid in countries where
these factors were most prominent in the social
system. Since public safety has also increased in
close correlation with GNP and standard of living,
it seems reasonable as a preliminary working
hypothesis to assume that an increase of GNP of
$5 million resulting from expansion of the kind ex-
perienced in the last century or so will result in the
saving of an extra statistical life.
A3.8 Ref. 25, received shortly before this paper
was completed, shows very convincingly how a
progressive reduction in household monetary in-
come in urban Canada is accompanied by a pro-
gressive increase of premature and total death
rates. From tables 6.3.2 and 6.3.8 in that report, it
can be computed that if all five income quintiles in
a population of 11,615,000 Canadians had the
same mortality rates as the highest income quin-
tile, 8,991 premature deaths and 13,112 total
deaths would have been averted in the year 1971
which was studied.
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TABLE A3.1

(Modified from ref. 20)

1 Country or Group
2 Social Group

3
4 Population in 1976 Millions
5 Income per head in 1973 1973 US $ per yr.
6 Cost of living in principal city % of New York
7 Corrected income per head (5 + 6) $ per yr.
8 Sub group income, 1970-2 Pounds per week

9
10 Electrical energy per head kWh/yr.
11
12 Hospital beds per 100,000 of population
13 Physicians per 100,000 of population
14 Teachers per 1000 pupils
15
16 Expectation of life at birth, 1973 yrs.
17 Expectation of life at age 15 plus 15(1970-2) yrs.
18 Adult male premature death rate

- al I causes per 100,000 per yr.
19 Adult male premature death rate

- circulatory D. per 100,000 per yr.
20 Adult male premature death rate

- cancer per 100,000 per yr.
21 Adult male premature death rate

- respiratory C. per 100,000 per yr.
22 Childhood death rate per 100,000 per yr.
23 Infant Mortality per 1,000 Live Births

Poor

57.4
91
90

101

19

33
3.7
3.3

39.9

128

Britain

5

22.1

68.5

863

338

227

123
73.3
31.0

4

22.5

70.1

692

310

190

75
53.4
19.5

3N*

24.1

71.0

590

278

147

47
43.0
14.5

Average

55.9
3,684

83
4,438

24.7

4,955

943
132
42

70.8
70.6

597

45.9
17.5

3M*

27.1

70.7

630

295

180

62
43.8
17.0

2

34.0

72.0

469

241

123

27
37.3
13.5

1

44.1

722

474

243

126

28
36.9
12.0

Rich

37.6
6.549

103
6,358

10.972

971
166
48

73.2

(1973)
13.4

Notes:
* Skilled workers, M = manual. N = non-manual
Lines 18, 19, 20, 21 Age corrected by an approximate method.
Line 21 Average of rates for 6 age and sex groups
Line 23 Average of male and female.
It was not possible to derive age corrected death rates for
women. The gradient appears to be in the same direction as
men but less in magnitude.



APPENDIX 4

THE COST OF SAVING LIVES (CSX)

A4.1 The thesis of part 1 of this paper is that a ra-
tional policy for overall management of public
safety in a society is possible and promises
benefits. Because of the complete absence of
such a policy at present and the unfamiliarity of
the concept of quantitative risk to many prac-
tioners in fields related to safety, it is very difficult
to obtain even the most elementary information
about the cost effectiveness of safety activities.
A4.2 Table A4.1 assembles all cases which the
author has been able to discover in two years of in-
terest and casual search in which resources
(money) were expended for apparent reasons of
safety and in which it was possible to estimate a
CSX. To substantiate the numbers used to a nor-
mal degree of scientific assurance would involve a
considerable part of the large scale effort which, it
is pointed out in Part 1, is necessary for the im-
plementation of a rational policy. Such an effort
could not be made until the justification exists;
this is the classical circular problem when
anything is to be done for the first time. The list is
therefore offered as an unmistakeable indication
rather than a proof.
A4.3 The list will make it clear that the CSX is a
"mechanical" concept, depending on the state of
the art in particular fields of activity. It is not in
itself a value placed on human life. Sinclair (ref 5)
and other authors have used the expression "im-
plied value of life" for the same parameter. If the
decision whether or not to carry out a particular
activity was based on the CSX or even if it was
made with knowledge of what the CSX was, this
could be taken as an indication of the value placed
on life by the person or group making the decision.
At present, however, this is never, or almost never,
the case.
Notes on Table A4.1
A. In case No.3 (Douglas Point) an unpublished risk
assessment by the author shows that, despite the

idiosyncrosies of this early station which have been
given as reasons for the curtailment of output, the total
risk of operating the station, including the actuarial con-
sequences of accidents, is much below the risk
resulting from the actual generation of the replacement
energy by coal fired stations without scrubbers and bur-
ning coal with 2% sulphur. It is the author's judgment
that the same situation applies to cases No.1 & No.2,
and that in all three cases the large financial loss is ac-
companied by a net loss of life, small though it may be.
It appears that neither regulatory agency has given any
quantitative or even qualitative consideration to the
whole consequences of its action.

B. From published information, the safety record of
the DC10, including the 1979 accident, is about .25 lives
lost per 100 x 106 passenger miles. A published
estimate of the cost of grounding gives the CSX shown.
If the lost carrying capacity was replaced to any extent
by increasing the use of older and smaller aircraft, the
risk reduction would be less and could conceivably
become zero or negative.

C. Despite rapid and continuous improvements mor-
tality of infants ages less than one year remains high
and varies greatly between richer and poorer areas and
groups (see Table A3.1 line 22). In Canada, the rate for
the worst province was more than 60% higher than for
the best in 1978. (See also ref. 25) The social economic
factor is prominent and the group at risk is small and
readily identified. It is therefore postulated than an ex-
tra generous expenditure of say $1,000 per birth, rang-
ing from say $3,000 to zero according to need, would
reduce infant mortality by 20%, from an average of 10
per 1,000 births to 8, giving a crude CSX of $500,000.
Since the extension of life is roughly double the
average, the effective CSX would be half this.
D. In many of the cases listed, an important curtail-
ment of wealth production is involved. If the association
between wealth production and the saving of life is as
developed in para. A3.7 of App. 3, the resulting loss of
life entirely alters the situation. Cases 1, 2 and 3
become much more seriously wrong; case 14 certainly
and probably several others move into Group 1, where
the action is diametrically wrong.
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TABLE A4.1

A Catalogue of the CSX

All figures are approximate PY - PER YEAR

Description

Group 1 Both lives A money wasted
1 Shutting down of TMI unit 1 nuclear

Station, USA, 1979 onwards

2 Shutting down of nuclear stations
because of uncertainties about
earthquake design. USA, 1979

3 Curtailment of output of Douglas
Point nuclear station, Canada,
1977 onwards
Group 2 Waste of money (resources)

4 Nuclear power plant hydrogen
recombiners USA

5 1980 Automobile CO standard USA

6 Civilian high level waste disposal
with discounting at 1% per year USA

7 OSHA Benzene regulations, USA

8 Nuclear industry ratchetting,
1968-1978

9 Defense high level waste disposal,
USA

10 Apartment building regulations,
Britain

11 Radwaste practice, 1311, USA

12 Pharmaceutical Industry safety
measures, Britain

13 Mine safety measures (except coal)
USA

14 Grounding of DC10 aircraft, USA,
1979

15 Coal mine safety measures, USA,

16 High level waste disposal - no
discounting, USA

17 General radwaste practice, USA

18 Lighting of all road cross-walks,
USA

Net lives
saved

net loss
of life

net loss
of life

net loss
of life

14

3.4 x 107

10

Net
Cost $

3.6 x 108

1 x108

7 x 1O6PY

3.5 x 109

27

3x108

CSX
$

Reverse

Reverse

Reverse

3x109

1x109

1x109

3x108

2.5 x 108

2x108

1x108

1x108

5x107

3x107

2.2 x 107

1.8 x 107

1x107

1x107

Refs,
Notes

A,D

26, A, D

A,D

26

29

27

26

20

27

15

27

15

B,D

27

27

27

29

28



19 Sulphur dioxide scrubbers (least
effective cases)

20 General nuclear safety, public,
Britain

21 OMB Guidelines, USA

22 Safety of nuclear operatives,
Britain

23 Nuclear reactor containment, USA

24 OSMA Coke fume regulations, USA

25 EPA Vinyl chloride regulations
USA

26 EPA Radium in drinking water
standards, USA

27 Air Force pilot safety, USA

28 Civilian aircraft safety,
France

Group 3 Approximately correct effort
29 Nuclear reactor diesel sets, USA

30 Home kidney dialysis

31 Kidney dialysis

32 CPSC Upholstery flammability
standards, USA

33 Sulphur scrubbers in power plants

34 Highway rescue cars, USA

35 Tire inspection, USA

36 Automobile air bags (driver only)
USA

37 ICRP Radiation recommendations

38 Sulphur stack scrubbers

39 Automobile safety improvements,
USA, 1966-1969

40 Clear roadside recovery area USA

41 High pay for risky jobs

42 Automobile passive 3 point harness,
USA

43 Road median barrier improvements, USA

1 x 10?

1 x 107

7x 106

5x 106

5x106

4.5 x 106

2.5 x 106

2.5 x 106

2x106

1.2 x 106

1x106

6.4 x 105

5.3 x 105

5.3 x 105

5x105

4.2 x 105

4x105

3.2 x 105

3.2 x 105

3.2 x 105

3.2 x 105

2.8 x 105

2.6 x 105

2.5 x 105

2.3 x 105

!

26

5

27

5

26

27

26

27

27

27

26

29

28

26

27

29

27

29

27

29

27

27

27

27

27

29



44 Postulated reduced infant mortality,
Canada

45 Smoke alarms in homes

46 Kidney dialysis treatment units

47 Kidney transplant & dialysis

48 Automobile safety equipment, USA
1966-70

49 Breakaway siqns & lighting posts,
USA

50 Mandatory lap-shoulder belts in
automobiles, USA

51 Passive torso-belt-knee bar in
automobiles, USA

52 Impact absorbing roadside device,
USA

Group 4 Not enough effort (lives wasted)
53 Steering column improvement, USA

54 Sulphur dioxide scrubbers, most
effective cases

55 Nuclear reactor emergency cooling
systems, USA

56 Automobile driver education, USA

57 Life rafts in aircraft, Britain

58 Screening for breast cancer, USA

59 Automobile seat belts, USA

60 Home smoke detectors, USA

61 Control of medical hypertension

62 Screening for lung cancer, USA

63 Road rescue helicopters

64 Agricultural practices, Britain,
pre 1969

65 Postulated 10% cancer cure
advanced 1 year

66 Road wrong way avoidance, USA

67 Road bridge rails & parapets USA

68 Tuberculosis control, USA

800 PY

8,000

114

40,000

3,500 PY

400 x 106PY

1 X109

2.5 x 105

2.4 X 105

2x105

1.5x105

1.3x105

1.2x105

1.1 x 105

1.1 x 105

1.1 x 105

1x105

1 x105

1 X105

9x104

9x10*

8x104

8x104

8x104

8x104

7x10*

7x10*

5x104

5x10*

5x104

5x104

4x104

C

27

26

28

27

27

29

27

27

27

26

26

27

5

27

26

29

27

27

27

5

20

27

27

30



69 Road skid resistance, USA

70 Postulated 10% heart disease
cure advanced 1 year

71 Road regulatory & warning signs,
USA

72 Road guardrail improvements,
USA

73 Mobile cardiac emergency unit,
USA

74 Cancer screening programmes, USA

75 Proctoscopy for colorectal
cancer, USA

76 Screening for cervical cancer,
USA

77 Improved highway maintenance etc
practices, USA

78 Early lung cancer detection, USA

79 Fecal blood tests for colorectal
cancer, USA

80 Food for overseas relief

81 Improved medical Xray equipment

82 Vaccination against 6 diseases of
children in poor countries

Group 5 Both lives & money
(resources) saved (or could be)

83 Eradication of smallpox

1 84 Railway overpasses in Canada;
4 selected cases

50,000

88,000 PY

1.2 x 10? PY

2x 106

.892

1 x 109

3 x108PY

-7 x 108

-2.6 x 104

4x 104

4x 104

3x 104

3x 104

3x 104

3x 104

3x 104

3x 104

2x 104

1.6 x 104

1 x 104

5.3 x 103

3.6 x 103

2.5 x 101

Reverse

Reverse

27

20

27

27

26

26

27

27

27

26

27

27

27

31

32

30

31



APPENDIX 5

THE EFFECTS OF PRESENT ACTIVITIES ON
FUTURE SAFETY

A5.1 Almost every large scale human activity
causes some disturbance of the environment. In
some cases, new risks are created, and this has
proved to be a fertile ground for the discernment
of "Indians" (see Part 2) in recent years. Although
in practice all or most of these risks are very small,
the calculated number of lives lost can in some
cases become large when they are multiplied by
the long periods of time over which they operate.
A5.2 Doubts arise about the importance of such
risks because:-
(a) the long periods considered assume a stability

of the earth's crust, the earth's climate &
human societies which may be illusory. As one
example, another ice age could develop in a
few tens of thousands of years & could
obliterate several northern countries including
Canada.

(b) the earth is in many respects very hostile to
human life, and the new risks are often of the
same kind as enormously greater existing
risks. For example, there are roughly 8 billion
tons of arsenic within 100 metres of the surface
of Canada.

(c) the new risks are offset to the extent of many
orders of magnitude by the improvement of
safety in our present civilization, as indicated in
App. 1.
A5.3 It is nevertheless of theoretical & prac-
tical interest to deduce an optimium quan-
titative strategy for dealing with risks of this
kind. Using the rational approach outlined in
Part 1, if an extra amount of $a is allocated, it
would result in the saving of

CSXJS
lives, where CSXTS is the society-wide cut-off
value of the cost of saving an extra statistical
life. This approach simply assumes that, in a
safety sub-activity, the saving of life is propor-
tional to expenditure and is immediate.
A5.4 However, most of the important life sav-
ing measures not only save lives in the short
term but also add an element which persists in-
definitely into the future. This will be apparent
from the following list of achievements of the
past which are still fully in effect today:

Provision & distribution of clean water
Collection, transport & treatment of sewage
Smallpox vaccination & eradication
Antisepsis & asepsis in surgery

Discovery & manufacture of insulin &
penicillin
Immunization against diptheria &

poliomyelitis
A5.5 When the gamut of life-saving activities
is viewed in this light, it appears that the saving
of life for an expenditure of $a will in general be

CSXTS 0 + l-st)

where t is the time in years & rsis a general
"legacy" rate, which is more than zero & may
be quite an appreciable fraction of unity.
A5.6 Suppose than that a wealth producing
activity results in a legacy rate of mortality
(risk) m-), say from the generation & disposal of
toxic waste, and that this mortality rate can be
reduced to TT>2 a\ a cost of %&2- If the situation
is held to persist for a (long) period T, then the
expenditure is justified if it results in more sav-
ing of life than if it were spent in other available
ways, so that

(mi - nri2)T rsT)

or

CSXTS'

CSXTS(mi • m2)T
1 + rsT

A5.7 An example of immediate interest is the
covering of uranium mine tailings to eliminate
the small added mortality resulting from in-
creased escape of radon to the atmosphere. In
ref 33, it is estimated that the operation of a
1000 MWe nuclear station for one year at 70%
capacity would result in 50-100 (say 70) deaths
over 100,000 years from this cause. This is a
rate of .0007 per year. (The wealth production at
2c per kWhr would be $123 million, which
would result in the short term saving of 24.5
lives per year at the rate of one life saved per $5
million production as explained in App. 3). If it
is assumed that rs is .01 (it is probably much
higher), and the CSXTS is $300,000 (see Table
A4.1 in App.4), then the amount of money which
should justifiably be spent tc cover the tailings
is

a2 = CSXTS(mi - m2)T
1 + 7ST
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= 300,000 x .007 x 100,00-
1 + .01 X 100,000

= $20,979
If T is infinite,

&2 = $21,000
If the cost is less than this, the tailings

should be covered. If not, this amount of money
should be paid into the central safety fund to
"buy back" the mortality as explained in para.
1.8.2 of Part 1; it would exactly neutralize the
legacy mortality.

If rs proves in general to be higher than .01,
ihe amount would be even less.
A5.8 To complete the logic, the possibility
may be considered that mankind might revert
to a primitive state after a time which is short
compared with the duration of the legacy risk.
The legacy risk would persist, but the legacy
life saving would end. The total risk to the
primitive society would rise to something like
the first column of Table A2.1 in App. 2. The
former setback would be imperceptible amidst
the latter calamity.
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APPENDIX 6

Disasters
A6.1 An obvious manifestation oi the "bison
mentality" discussed in Part 2 is obsession
with "disasters". In the present ordinary use of
the word, a disaster is a single accident in
which many lives are lost. The word is,
however, used very looseiy. For example, the
Mississauga train derailment of 1979
November is often referred to as a disaster
although no one was seriously hurt.
A6.2 The true relationship of disasters to
public safety can best be illustrated by con-
sidering the worst technological disaster which
has ever happened, according to ref 4. This was
at Vaiont in Italy on 1963 October 9th, where a
large part of a hillside slid into a hydroelectric
reservoir. It caused an immense wave to flow
over the top of the dam. Although the dam did
not fail, the flood of water in the narrow valley
below resulted in the death of approximately
1800 people in a matter of minutes.
A6.3 Table A6.1 shows how this worst of
disasters related to mortality in the country

concerned and in the OF.CD countries as a
whole. It will be clear that it only achieves any
prominence as mortality is subdivided in time,
space or kind.
A6.4 The question of whether disasters call
for disproportionate attention can be resolved
by considering the total hurt which results. The
death of a person is the ultimate hurt to that
person. His fam'iy, relations & friends suffer
hurt up to the deepest grief and loss of securi-
ty. The society as a whole loses at least one of
its own members and may also lose a valuable
contributor to the wealth and welfare of the
society. Not one of these components of the
total hurt is affected in any way by whether n
lives are lost in a single disaster or n people die
singly or in accidents involving lesser numbers.
A6.5 Finally, Table A6.2 shows that if
disasters are considered as a separate
category, they rank far below the worst ICDA
categories listed in App. 1.
A6.6 Numbers used in Tables A6.1 and A6.2
are roughly computed from ref. 18.
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TABLE A6.1

(All numbers approximate)

Total deaths

Premature deaths

Motor Vehicle deaths

Vaiont disaster

1964

490,000

185,000

11,300

(1,800)

Italy

1 Typical Day

1,342

507

31

(1,800)

1964

6,300,000

2,400,000

170,000

(1,800)

OECD

1 Typical Day

17,260

6,575

470

(1,800)

(The Vaiont disaster is shown in brackets because it was obviously not typical of a day or a year)

TABLE A6.2

(All numbers approximate)
OECO Countries, 1945 -1978

Average total population

Total deaths

Premature deaths

Disasters listed in ref. 4

Deaths listed in these disasters

650,000,000

199,000,000

79,000,000

230

47,600

(= .06% of premature deaths)

( = .024% of total deaths)
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